
 

Working together 
for a safer world 

 

 

 

Using hybrid fuels for ECA-SOx compliance  

Operational guidance for shipowners and operators 

 



 

 



 

Contents 

1. Executive summary 1 

2. New hybrid fuel types 1 

3. Managing hybrid fuels on board 2 

3.1 Storage and handling 2 

3.2 Viscosity and lubricity 2 

3.3 Compatibility and stability 2 

3.4 Combustion 3 

4. Changeover procedure 3 

5. Availability 4 

6. Procurement 4 

7. General guidelines 5 

8. Compliance 5 

Appendix – Operational matrix for using compliant fuel in main engines 
within ECA-SOx from 1 January, 2015 6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 i 





Hybrid Fuels for ECA – SOx compliance  
Operational guidance 

December 2014 
 

1. Executive summary 

The revised MARPOL Annex VI regulations limit the sulphur content of bunker fuels used in emission control 
areas for SOx (ECA-SOx) to 0.10% m/m from 1 January, 2015. Although there are alternative methods of 
compliance, such as alternative fuels (liquefied natural gas, methanol, bio-fuels) and abatement technologies 
(exhaust gas cleaning systems), their viability is still undermined by logistical, technological, and sustainability 
factors. Currently, only a few options are mature enough to fully replace residual fuels for main propulsion,  
so most ships will inevitably opt for distillates – marine gas oil and marine diesel oil – at least for now. 

For ships operating both inside and outside ECA-SOx, this will represent a major change from existing 
practice, both in terms of the different characteristics of residual and distillate fuel oils and the increased 
sulphur differential between them. 

In an attempt to minimise the operational risks of running ships on distillates, several oil companies have 
made announcements in recent months regarding new ‘hybrid’ fuels designed to help shipowners navigate 
the upcoming entry into force of the 0.10% sulphur cap in ECA-SOx.  

Although these new fuel types are designed to minimise the complexities of operation on distillates, their 
characteristics (particularly the fact that they are blended products of different refinery streams) mean they 
present specific challenges. This guidance details the available specifications of all such hybrid fuels and 
details any associated risks in order to assist you in choosing the best option for your vessels. 

 

2. New hybrid fuel types 

Several suppliers have released new hybrid fuel products containing a maximum of 0.10% m/m sulphur as 
an alternative to using distillates in order to meet the MARPOL Annex VI requirements. Table 1 shows the 
different grades that have been announced publically in the media.  

 

Table 1: Publically announced 0.10% sulphur fuels1  

1 These are the generally available specifications. The supplier should be contacted for up-to-date specifications. NB: For kinematic viscosity, 50°C 
appears to be the default measurement temperature for the majority of these hybrid fuels. However, it should be noted that some of the above 
mentioned may have the kinematic viscosity measured at other temperatures.   

Characteristics Unit Limit 
HDME 50 

(EXXONMOBIL)
 Fuel Oil 

(Chemoil)
 DMB 

(Chemoil)
 Fuel Oil 

(Chemoil)2
 ULSFO   
(Shell)

SK ULSFO    
(SK 

Energy)

BP 0.1 
RMD 
(BP)

Eco Marine 
Fuel (Lukoil)

Kinematic viscosity at 50 °C  mm2/s min/max 25 to 45 16.84 10.5 26.3 10-60 30~40 6-13 65
Density at 15 °C kg/m3 max 895 to 915 0.8589 0.885 0.896 790-910 0.928 850-890 0.91
Cetane index — min 40 — 
CCAI — 795 to 810 795 800 790~800 760-820 860

Sulphur mass % max 0.1 0.084 0.085 <0.1 <0.1 <0.1 0.10 0.095
Flash point °C min 70 >60 70 >60 >60 70 60 60
Hydrogen sulfide mg/kg max 1 0.1 <2 2 2
Acid number mg KOH/g max 0.1 0.1 2.35 <0.5 2.5 2.5
Total sediment existent mass % max 0.01 0.01 0.05 0 0.01-0.05 0.02 — 
Total sediment aged mass % max 0.01 0.01 0.01 0.01-0.05 0.02 0.07 0.1
Oxidation stability g/m3  max 0.01 — 
Carbon residue: micro method mass % max 0.3 <0.10 0.1 3.8 2 6 4 14
Cloud point °C max — 
Pour point (upper)    W °C max 9 to 15 -20 -4 -6 18 20~25 +27 20

S °C max 9 to 15
Appearance — — brown/ green - opaque Not Clear and brightot Clear and brig Not Clear and bright Black — 
Water volume % max 0.05 0.05 0.05 0.2 0.3 0.1
Ash mass % max 0.01 0.003 0.005 0.06 0.01 0.05 0.04 0.07
Lubricity, (wsd 1,4) at 60 °C µm  max 320 310 — 
Vanadium mg/kg max 1 <1 2 0.7 50 2
Sodium mg/kg max 1 4 1 10 2 50 2
Al & Si mg/kg max 3 <3 <10 12-20 10~20 25 17
Calcium mg/kg max 1 13 175 free of ULO 5 free of ULO
Phosphorus 7 <1 free of ULO free of ULO
Zinc mg/kg max 1 2 <1 free of ULO 1 free of ULO
Calc. Gross Specific Energy mg/kg 45.2
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3. Managing hybrid fuels on board  

3.1 Storage and handling  

Most of the new hybrid fuels are blended products and have some characteristics of distillate products. This 
means they may exert a ‘cleaning’ action, mobilising previously deposited asphaltenic material, potentially 
leading to increased filter loading and other operational issues. It is therefore recommended that fuel tanks 
which will carry these new fuel types are cleaned or at least cleared of the ‘unpumpables’ at the tank bottom.  

Despite their distillate characteristics, most of these hybrid fuels are particularly waxy in nature, as exhibited by 
their pour point (the lowest temperature at which a fuel will continue to flow). The exact pour point may vary 
from product to product, but the usual rule is to maintain any fuel oil no lower than 7°C above its tested pour 
point. These fuels therefore need to be stored and handled in systems with heating arrangements.  

These types of fuels should not be stored in tanks which are subject to low external temperatures, such as a 
ship’s side tanks. Even in tanks with heating coils that maintain the bulk of the fuel as liquid, the formation 
and then breakaway of material at the cold interface could result in operational problems.  

These fuels will also need to be purified, taking into account their density (gravity disc selection) and 
viscosity for optimised preheat. Based on the tested viscosity and density of the fuels, the purifier 
manufacturer’s recommendations should be followed for the correct operational adjustments.  

Note: Because hybrid fuels are non-standard fuels, their volume correction factors (used to determine the 
delivered tonnage) and viscosity index (used for temperature/ viscosity relationships) may vary from those used 
for conventional residual and distillate fuels.  

 
3.2 Viscosity and lubricity 

Viscosity and lubricity are two of the key challenges that the new hybrid fuels aim to address. 

When changing over from residual fuel oil to distillates, viscosity has to be carefully controlled (along with 
the fuel temperature and the risk of thermal shock) in order to maintain sufficient hydrodynamic  
lubrication film between the moving surfaces of the fuel pump and injectors.  

The new hybrid fuels have good lubricity values and comparatively high viscosities. Therefore, at normal 
engine room ambient temperatures, they will maintain hydrodynamic film lubrication, eliminating the need 
for any fuel coolers or chillers.  

Their high viscosity, however, does mean that some heating will still be required (as with residual fuel oil) to 
bring the viscosities in line with the engine manufacturer’s limit. The manufacturers’ typical viscosity values 
vary considerably; therefore it is critically important to use the tested viscosity of the fuel for treatment and 
combustion purposes.  

Note: the viscosity of most of the new hybrid fuels that are classed as ‘fuel oils’ means they cannot be used 
in distillate fuel-only systems and machinery. While the minimum temperature needed to avoid 
solidification problems will be more than sufficient for transfer, a temperature of around 85-100 °C may be 
necessary to achieve the required engine injection viscosity. It is vital to ensure that the viscosity control 
system is working correctly when operating at this temperature. 

 

3.3 Compatibility and stability 

Availability and compatibility with other fuels are critical things to consider when dealing with new hybrid 
fuel types. The fuel tanks taking on these fuels must be as empty as possible and a compatibility test must 
be carried out before any attempt is made to mix hybrid fuels with standard fuels. 

 2 



Hybrid Fuels for ECA – SOx compliance  
Operational guidance 

December 2014 
 

Because of their waxy nature, there is a high risk of incompatibility between hybrid fuels and conventional 
residual fuel oil. Provided that the mixed proportions are at a low ratio, serious issues should not be 
expected; as always, minimising the quantities involved is a good policy. As standard practice, the fuel 
should be passed through the ship’s treatment system (purifiers) before use, which means that the fuel will 
be passed to the settling tank first. Consequently, if a conventional residual fuel has previously been used, 
the changeover to hybrid fuel must be properly managed and monitored, and should be undertaken in a 
low-risk location.  

The specification values for sediments and oxidation stability (where applicable) have been found to be low 
for the new hybrid fuels. However, it should be verified whether there will be any deterioration of the fuel 
over time or due to extended heating. 

During changeover, it is inevitable that the hybrid fuels will be mixed with the fuels already in the system, 
so the risk of incompatibility still exists. However, because this risk can be fairly accurately predicted (even 
through onboard tests) and will only occur at the interface between the two fuels, it can be dealt with by 
closely monitoring the situation.  

 
3.4 Combustion 

As detailed in section 3.1, the usual relationships used for viscosity index may not be as exact; therefore, 
the correct injection viscosity should be maintained to achieve efficient combustion.  

As hybrid fuels are mainly blended products, the Calculated carbon Aromaticity index (CCAI) value may not 
reflect the true ignition and combustion characteristics of the fuel. If not provided by the fuel supplier, 
further information regarding the combustion characteristics of such fuels, for example through a 
‘FIA100/FCA’ test data, should be sought for further consideration.   
 

4. Changeover procedure 

Changeover from residual fuels to distillates and continuous operation of engines on low-viscosity distillates 
are two challenges that the new hybrid fuels aim to address.  

Hybrid fuels have a high enough viscosity to tolerate the temperature fluctuations within the fuel system 
during changeover, without going below the minimum viscosity requirement. Care still needs to be taken; 
if temperatures and corresponding viscosities are not controlled correctly, pump seizure may occur, 
potentially leading to loss of power – a commonly reported fuel-related problem during changeovers to 
distillates. 

Depending on the hybrid fuel the ship is using, the vessel crew will also need to be cautious about sudden 
temperature change to avoid any risk of thermal shock, especially when changing over to 0.10 % sulphur 
products. The change of temperature gradient should not be more than 2 °C per minute as any sudden 
changes in temperature can thermally load fuel pumps and/or injectors and cause them to seize.  

Because these fuels have solvency and cleaning effects, just like regular distillate fuels, they also tend to 
carry any sludge and sediments accumulated in the fuel system tanks and pipelines, leading to higher levels 
of sludge deposition in the early stages of changeover. Attention should be given to the rate of filter 
blocking during the changeover process.   
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5. Availability 

Availability is an important consideration when using new fuels. It should be ensured that the same product 
is available in all ports the vessel is calling at, based on the ship’s operating profile. It should also be 
ensured that the vessel can load and store the right quantity on board to complete its ECA voyage so that 
no other fuels are needed, thereby avoiding compatibility issues. Table 2 shows the global availability of 
hybrid fuels, based on the information available to date.   

 

Supplier  Product Availability  

LUKOIL Oil Company  Eco Marine Fuels (EMF) Russia 

BP 0.1 RMD  

Shell  ULSFO 0.1 Available in ARA, Rotterdam, 
Antwerp, Montreal and US Gulf 
Coast, New York Harbour and 
Singapore 

ExxonMobil HDME 50 ARA, USA 

CEPSA DMB 0.1  Tenerife, Las Palmas, Barcelona, 
Algeciras, Huelva, Gibraltar, Ceuta,   

SK Energy 0.1 ULSFO   

Chemoil 0.10% S FO (RMG380 compliant) New York/Savannah 

Chemoil 0.10% S FO (RMD80 compliant) Mexico/Houston 

Chemoil 0.10% S DMB (DMB compliant) Los Angeles/Long Beach 

 

Table 2: Availability of hybrid fuels worldwide2 

 

 

6. Procurement  

Although the new hybrid fuel types are produced to meet the 0.10% sulphur regulation for use within 
ECA-SOx, they are complex blends that don’t fit into either the ‘table 1’ or ‘table 2’ grades of the ISO 8217 
standard.  

However, it is strongly recommended that new hybrid fuel types are still ordered against the ISO 8217 
specification. This can still be applied, as hybrid fuels are petroleum-derived products. The benefit of using 
ISO 8217 lies principally in the ‘general requirements’ aspects contained in section 5 of the standard. 

When ordering with reference to ISO 8217, it should be ensured that any exceptions to the nominated ISO 
8217 grade are clearly stated; these exceptions will be based on the available specification data from the 
fuel supplier.  

 

2
 The fuel supplier should be contacted for up-to-date availability information. 
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7. General guidelines 

As outlined in section 5 of this guidance, several fuel suppliers have announced the availability of hybrid 
fuel types to meet the 0.10% sulphur limit. So far, there have been many questions and few answers 
regarding the performance and price of the new fuels, beyond data and information released by the 
companies themselves. What is known is that the fuels are currently being tested by a number of shipping 
companies. The reports on their performance have been inconclusive, but there have not been any reports 
of technical performance problems, and it is generally assumed that hybrid marine fuel has great potential 
as a preferred, cheaper and engine-friendly alternative to distillates. 

In view of this, and further to the guidance given in this document, the following are some general 
guidelines if you are considering using hybrid marine fuels: 

− In the first instance, seek views / ‘no objection’ statements from the manufacturers of the engines and 
auxiliary boilers in which the fuel will be used.  

− In addition, seek comments from the suppliers of: the lubricants used in the machinery, the fuel oil 
treatment system (separators / filters), and the bilge system components (oily water separators and oil 
discharge monitors). 

− Hybrid marine fuel would not be expected to react with any of the metals / alloys / seals normally found 
in fuel oil systems or combustion space. 

− There is no information to indicate that hybrid marine fuel would have anything other than the usual 
temperature / solidification characteristics; some waxy products, if in motion, will be retained in a liquid 
state at temperatures well below the pour point, which refers to the static condition. Note: this 
minimum temperature (7°C above the tested pour point) needs to be maintained not just in storage, 
but throughout the entire fuel system, including connections to pressure sensors, instrumentation and 
drain lines. Therefore, the risk of solidification posed by any of the fuel system components should be 
evaluated under expected service conditions.  

− The information available to date does not indicate if the fuels, when in a fluid state, may contain 
suspended solid waxy components which could cause problems at filters or other small clearance gaps. 

− The data given for hybrid marine fuels are typical values, not specification limit values. Before 
committing to using these fuels, it is recommended to obtain and review the product specification limits.  

 

8. Compliance 

The revised MARPOL Annex VI ECA-SOx regulations and EU ‘at berth’ regulations require only that the fuel 
being used has a maximum sulphur content of 0.10 % m/m, so use of new hybrid fuel types is permitted in 
order to comply.  

However, the situation is different with the California Air Resources Board (ARB) regulations; the California 
OGV Fuel Regulation requires that the fuel must not only have a sulphur content of 0.10% m/m or lower, 
but must also meet the specifications for distillates (marine gas oil or marine diesel oil). Therefore, vessels 
using new hybrid fuels to comply with the Annex VI ECA-SOx regulations do not automatically comply with 
the OGV Regulation; to do so they must obtain a ‘Temporary Experimental’ or ‘Research Exemption’. For 
further details on how to apply for ARB exemptions, please visit the ARB website at 
http://www.arb.ca.gov/ports/marinevess/ogv.htm 
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Appendix – Operational matrix for using compliant fuel in 
main engines within ECA-SOx from 1 January, 2015 

Bunker requisition/
Bunkering operation 

Fuel storage/Transfer

Settling /Service tanks

Purifiers/Filters

Viscosity controller/
Service system

change over point

Fuel pumps/Injectors/
Exhaust valve

Combustion/Engine 
performance

• Availability of compliant fuel in increased volumes required
• Any limitation on rate of bunker loading due to manifold size/pipework used for loading 

compliant fuel
• Separate bunker lines of combined HSFO/0.10%SFO (sulphur fuel oil)3

• Risk of cross contamination with HSFO if using same bunkering lines both for HSFO and 
0.10% SFO

• Low tolerance margin of 0.10%SFO contamination with HSFO causing fuel to become 
non-compliant on-board

• Tank cleaning challenges of existing HSFO tanks to increase 0.10%SFO tank capacity
• Crew competence/awareness in managing the fuel change over
• Incompatibility between HSFO and 0.10%SFO causing filter blockages
• Moreover, compatibility issues of 0.10%SFO with the marine gas oil (MGO) 0.10% fuels 

where fuels are possibly loaded in same tank in tandem
• Unavailable storage/transfer heating arrangement for fuels with high pour point
• Fuel quality issues during long storage such as with FAME (fatty acid methyl ester), fuel 

stability, microbial contamination.

• Certain temperature range, risk of overheating or under heating

• Filter blockage may occur especially at the time of fuel change-over or during circulation 
due to potential solvency nature of the fuel

• Excessive sludge generation at filters/purifiers could result in fuel supply restriction

• Overheating and/or thermal shock
• Leaky three-way C/O valve with the risk of HSFO contamination 
• Unsatisfactory or poorly executed fuel change over procedure
• Fuel starvation due to filter blockage at the time of change-over
• Flushing time required

Fuel system stage

• Excessive fuel temperature can also cause gassing up or vapour lock. Moreover, loss of 
hydrodynamic film between barrel and plunger assembly

• Fuel leakage and insufficient pressure from worn fuel pump/injectors and old seals
• Excessive wear at exhaust valves

• Engine knock
• Cylinder lubrication
• Low energy content/ low density of the fuel
• Loss of power

1- MARPOL Annex VI regulation 14.4.3 dictates that while ships are operating within emission control areas, the sulphur content of the fuel oil 
used on board ship shall not exceed 0.10% m/m on and after 1 January, 2015. Regulation 4 allows for equivalents. 
2- MARPOL Annex VI Emission Control Area for sulphur oxides (SOx). 
3- 0.10%SFO refers to the new hybrid fuels being introduced (e.g., HDME 50). HSFO refers to high-sulphur residual fuel oils. 

Major concerns

Operational matrix for using compliant fuel1 in main engines 
within ECA-SOx2 from 1 January, 2015

Note: the above information is for guidance only and we recommend that ship operators perform a risk assessment 
to evaluate and make decisions based on the operational and technical profile of individual vessels or groups of 
vessels. Lloyds Register will be pleased to assist in any aspect of getting your fleet ‘2015 ready’.
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