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Foreword

This report was drafted by the BioMer project team under the direction of the
steering committee. It is the result of a cooperative effort involving representative
of the project’s seven implementation partners—Maritime Innovation, Sine Nomine
Group, Rothsay (Maple Leaf Foods Group), Croisières AML, Bateau-Mouche (Old
Port of Montréal), Lachine Rapids Tours (Saute-Moutons and Jet St-Laurent) and
Lachine Canal Cruise—the Canadian and Québec governments, which provided
funding, and the members of various committees. The project also includes two
major recreation and tourism partners: the Old Port of Montréal Corporation and
Parks Canada – Lachine Canal National Historic Site. All parties participated at
various stages in verifying the report’s contents. 

The BioMer project includes an evaluation program carried out under normal
operating conditions. The report’s conclusions are thus not prescriptive and 
in no way commit the cruise companies or participating governments and 
organizations.
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Summary 



Solid Partnership

The BioMer project was a joint undertaking by Maritime Innovation, Sine
Nomine Group and Rothsay. Rothsay produced the biodiesel to supply four
Montréal cruise companies—Croisières AML, Bateau-Mouche (Old Port of
Montréal), Lachine Rapids Tours (Saute-Moutons and Jet St-Laurent) and 
Lachine Canal Cruise—which provided 12 boats for biofuel trials. The Canadian
and Québec governments both made major contributions to project funding. 
The BioMer project also benefited from the support and participation of two
major recreation and tourism partners: the Old Port of Montréal Corporation
and Parks Canada – Lachine Canal National Historic Site.

Three Major Objectives

Running from mid-May to mid-October 2004, the BioMer project had the 
following objectives: 
• Test the use of pure biodiesel (B100) as an alternative fuel for tour boats 

of various sizes.
• Assess the economic viability and benefits of biodiesel in that industry’s 

routine operations.
• Measure the various environmental impacts (polluting emissions, 

and biodiesel biodegradability and toxicity).

Why biodiesel?

Biodiesel is a methyl ester produced from a chemical reaction between a light
alcohol, and vegetable oil or animal fat. It can either be used as an alternative
fuel in its pure form (B100) or mixed with petrodiesel, most commonly in 2% (B2),
5% (B5) or 20% (B20) blends. It may be a prime alternative fuel for maritime
transport since biodiesel:

• comes from biomass and is thus a renewable energy source that can be 
a good substitute for a non-renewable fossil hydrocarbon fuel (petrodiesel),

• helps diversify energy sources and thus, with other alternative energy 
supplies, reduces our dependence on petroleum products,

• is produced in Québec with local resources by recovering and reusing 
wastes (slaughterhouse waste, recycled cooking oil) that might otherwise 
be dumped into the environment with a potential risk of later release as
methane, one of the greenhouse gases (GHGs),

• contributes significantly to reducing GHG and polluting emissions and thus 
is fully consistent with efforts to meet objectives under the Kyoto Protocol,

• is considered (in existing literature) totally biodegradable (as much so as
sugar) and hardly toxic (ten times less so than salt), making its use ideal 
in ports and waterways where the environment is fragile,

• has properties making spills less dangerous for the environment and aquatic
ecosystems,

• burns more cleanly than petrodiesel, eliminating soot that tends to blacken
boat hulls,

• has a pleasant smell, unlike petrodiesel, making it particularly suited to
pleasure boating and tour boats,

• is easy to use since no changes are needed either to the existing infrastruc-
ture for fuel distribution and delivery or to the marine diesel engines,

• addresses well the growing environmental concerns of cruise companies 
and their customers,

• improves air quality and preserves water quality and thus helps tourism,
which depends directly on keeping the environment intact.
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Biodiesel Supply

Throughout the BioMer project, the 12 boats used consumed a total of 116,875
litres of cooking-oil-based biodiesel, primarily at a concentration of 100% (B100)
and in certain instances in 5% (B5), 10% (B10) and 20% (B20) blends with
petrodiesel. The biodiesel came from Rothsay’s Sainte-Catherine plant in Québec.

Physicochemical Characteristics of Biodiesel

Characterization data used for the BioMer project confirms that the pure biodiesel
produced by Rothsay meets ASTM D 6751, the only standard currently recognized
in North America for pure biodiesel. Additional partial characterization of the fuel
at the end of the BioMer project corroborates these results.

Emission Measurements

A comparison of emissions using biodiesel to those from initial testing with 
the boats running on petrodiesel leads to the general conclusion that biodiesel
substantially reduces GHG and polluting emissions: PM, CO, THC, SO2, PAH and
PM2.5. It does, however, lead to slightly higher NOX emissions.

Direct Greenhouse Gas (GHG) Emissions

Although there was just a slight (1%) reduction in direct engine CO2 emissions, 
it may be assumed from life cycle analysis that every litre of B100 reduces 
GHGs by 3.05 kg of CO2eq. (GHGenius model, Natural Resources Canada).

Impact of Biodiesel Use by Montréal Cruise Companies 
on Annual GHG Emissions 

Total biodiesel consumption during the project from May to October 2004 led 
to a reduction in CO2eq. emissions of about 356 tons. Had all participating boats 
run on B100 throughout the cruise season (total biodiesel consumption: 
600,000 litres), GHG emissions would have been reduced by about 1,830 tons 
of CO2eq., equivalent to taking off the road 366 vehicles each travelling 20,000 km
a year.

Impact of Biodiesel on Tour Fleet Operations

From an operational standpoint, using biodiesel only gave rise to minor incidents
due to fuel filter problems. Filters clogged quickly and frequent filter changes
were required for a certain period of time. The clogging that occurred six weeks
after biodiesel was introduced was caused by the solvent properties of biodiesel.
Such (predictable) incidents did not have an impact on cruise company activities,
disrupt service or lead to significant costs except for new filters. Although
biodiesel has lower energy content than petrodiesel, engine performance was not
diminished due to the enhanced burning properties of biodiesel. For this reason,
engines generally have better performance (power and torque) using biodiesel
while consuming the same volume of fuel, as witnessed for B5 and B20. A slight
(3%) increase, however, is noted for B100.

Impact of Biodiesel on the St. Lawrence River Environment

A limited series of biodegradation and toxicity tests were carried out at the
Biotechnology Research Institute (BRI) to better understand the impact of using
biodiesel within the St. Lawrence River environment. As expected, it was found
that biodiesel biodegrades 2.5 times faster than petrodiesel given certain concen-
trations and under certain conditions. The limited toxicological tests carried out
under the BioMer project, however, did not provide conclusive results with
respect to biodiesel’s potential toxicity. 

General Recommendation

The BioMer project showed that it is feasible for cruise companies to use B100
under real operating conditions and it is possible to supply tour boats continuously
through the summer season. However, it may be more cost-effective and 
operationally prudent to begin by running tour boats on B20 and still enjoy the 
many environmental benefits of using biodiesel. Initial use of a B20 blend is thus
recommended to let users become familiar with and adjust to biodiesel before
going on to B100.
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The BioMer project is the logical sequel to the BIOBUS project launched 
in March 2002 to test the use of biodiesel as a fuel for mass transit. Rather than
fuelling a fleet of city buses, however, biodiesel was this time tested on a fleet 
of 12 tour boats whose home port was either the Old Port of Montréal or the
Lachine Canal National Historic Site, both under the responsibility of the project’s 
recreation and tourism partners. The objective was to demonstrate that B100 
is a viable alternative for fuelling boats of various sizes and types in very tourist-
intensive areas.

The BioMer project was an initiative of Maritime Innovation, Sine Nomine
Group, Rothsay and four Montréal cruise companies. Rothsay produced the pure
biodiesel and the cruise companies provided the boats for testing the fuel, both
key roles in the summer-long project. From the outset, the Canadian and Québec
governments supported the BioMer project, which also received support from
the Biodiesel Association of Canada.

Maritime Transport and the Environment – 
Benefits of Biodiesel

The BioMer project is fully congruent with concerns to fight climate change, 
preserve the environment, recover and manage wastes, and promote sustainable
development. This makes it easy to understand why biodiesel is of increasing
interest, especially in maritime transport. Though not yet widespread in that
industry, there are more and more plans to use it as an alternative fuel or additive,
mainly due to obvious environmental and ecological benefits. Using biodiesel 
can indeed be a first major step in “greener” management of the industry.

Positive environmental impacts and sustainable development
The use of biodiesel has positive impacts on the environment and contributes 
to sustainable development because it:
• comes from biomass and is thus a renewable energy source that can be 

a good substitute for a non-renewable fossil hydrocarbon fuel (petrodiesel);
• helps diversify energy sources and thus, with other alternative energy 

supplies, reduces our dependence on petroleum products;
• is produced in Québec with local resources by recovering and reusing wastes

(slaughterhouse waste and recycled cooking oil) that might otherwise have
been dumped into the environment with a potential risk of later release as
methane, one of the greenhouse gases (GHGs);

• contributes significantly to reducing GHG and polluting emissions and thus is
fully consistent with efforts to meet objectives under the Kyoto Protocol; and

• is considered (in existing literature) totally biodegradable (as much so as
sugar) and hardly toxic (ten times less so than salt), making its use ideal in
ports and other waterways where the environment is fragile. These proper-
ties make spills less dangerous for the environment and aquatic ecosystems.

Positive impacts for maritime transport and St. Lawrence River cruise
companies
The project targeted a Québec maritime transport activity that could benefit most
from biodiesel. St. Lawrence River tour boats operate near populated areas magnify-
ing their environmental impact. Large intercontinental liners or maritime cargo
ships, on the other hand, mainly ply the high seas where the environmental impact
is felt less. Only short stops of such ships in Québec ports could justify using
biodiesel to run their generators. This will be the focus of another assessment 
project in summer 2005.

The BioMer project proved that biodiesel is a prime alternative fuel for maritime
transport since it:

• burns more cleanly than petrodiesel, eliminating soot that tends to blacken
boat hulls;

• has a pleasant smell, unlike petrodiesel, making it particularly well-suited 
to pleasure boating and tour boats;

• is easy to use since no changes are needed either to the existing infrastruc-
ture for fuel distribution and delivery or to the marine diesel engines;

• addresses clearly the growing environmental concerns of cruise companies
and their customers; and

• improves air quality and preserves water quality and thus helps tourism,
which depends directly on keeping the environment intact.
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Promoters 

The partners described below promoted the BioMer project. 

Implementation partners

Maritime Innovation
Affiliated with the Institut maritime du Québec, Maritime Innovation is a centre
for applied research in maritime technology. Recognized by the Québec government
as a technology transfer centre, Maritime Innovation is active in the navigation,
information system and marine engineering sectors, and also offers R&D, technical
support and technology monitoring services. Maritime Innovation’s contribution
amounted to $20,000.

Sine Nomine Group
With expertise in marketing and market development for new technology, the
Sine Nomine Group has several projects to its credit. Its achievements include
participating in the Montréal 2000 Electric Vehicles Project and managing the
BIOBUS project. Both of these projects had the objective of reducing GHG 
emissions. Funding from Sine Nomine Group totalled $20,000. 

Rothsay (Maple Leaf Foods Group) 
Rothsay, which specializes in recycling agro-industry by-products (vegetable oils,
animal fats and recycled cooking oils), supplied the boats with pure biodiesel 
for the duration of the project. It provided 116,875 litres of biodiesel produced 
from 100% recycled cooking oil. Rothsay, whose financial contribution totalled
$115,000, tuned its production to meet the project’s requirements and follow its
schedule.

Cruise companies
The Montréal cruise companies–Croisières AML, Bateau-Mouche (Old Port 
of Montréal), Lachine Rapids Tours and Lachine Canal Cruise–were very keen
to assess, in the framework of a demonstration project, how using biodiesel
would impact their boats. They were key partners since they provided the boats
for testing biodiesel under actual operating conditions. In so doing, they provided
a technology showcase for other Canadian cruise companies. The four cruise 
companies together contributed an estimated $60,000.

Financing Partners

Government of Canada
As part of its strategy to promote concrete projects that reduce GHG emissions,
the Canadian government decided to support the BioMer project in partnership
with Natural Resources Canada, Canada Economic Development and Environment
Canada. The partnership set out to assess the environmental, economic and 
social benefits of introducing biodiesel in Canada and to promote the potential
marketing of this product as a fuel from renewable resources. Funding from the
government of Canada totalled $323,000. 

Québec Government
The BioMer project is one of several initiatives the Québec government 
is committed to support, particularly in its effort to replace fossil fuels with
renewable energy sources. The Department of Sustainable Development,
Environment and Parks, and the Transport Department thus allocated a total 
of $25,000 to the project.

Recreation and tourism partners

Old Port of Montréal Corporation 
Parks Canada – Lachine Canal National Historic Site
The BioMer project greatly benefited from the support and participation of these
two major recreation and tourism partners, who made their facilities available for
the project and mobilized resources so the project could be implemented smoothly.
The BioMer project achieved excellent public visibility largely because of the
numerous tourists these sites draw. 
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The twelve boats used in the BioMer project belong to four cruise companies.  

Croisières AML 
www.croisieresaml.com

Croisières AML is the largest cruise/excursion company in Canada. With a fleet
of twenty boats berthed at six ports in Québec, the company serves over 500,000
passengers a year. Three of the company’s boats took part in the project.

Cavalier Maxim
Capacity: 750 passengers
Cruising speed: 16 knots
Length: 64 m (210 ft)
Width: 12.3 m (40 ft)
Annual tours: 140,000 passengers
Engine type: 2 MTU 4000 12 V engines and

1 Detroit Diesel 6-71 – M propulsion engine
Generator type: 2 Detroit Diesel 6-71 – M generators
Biodiesel used: B5

Transit
Capacity: 148 passengers
Cruising speed: 12 knots
Length: 20.7 m (68 ft)
Width: 6.7 m (22 ft)
Annual tours: 90,000 passengers
Engine type: 1 Perkins T6354M – M engine
Generator type: 1 Perkins KA30215 – M generator
Biodiesel used: B100

Miss Olympia
Capacity: 90 passengers
Cruising speed: 11 knots
Length: 19 m (62 ft)
Width: 4.3 m (14 ft)
Annual tours: 30,000 passengers
Engine type: 1 Detroit Diesel 6-71 – M engine
Generator type: none
Biodiesel used: B100

Breakdown of the BioMer Fleet 
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Lachine Rapids Tours
www.jetboatingmontreal.com

Since it was created in 1983, Lachine Rapids Tours has earned an enviable 
reputation. Seven company boats were used in the project.

Saute-Moutons (three boats)
Capacity: 50 passengers
Cruising speed: 50 knots
Length: 13.5 m (45 ft)
Width: 4.3 m (14 ft)
Annual tours: 35,000 passengers
Engine type: 2 Caterpillar – 3196 – E engines
Generator type: none
Biodiesel used: B100

Jet St-Laurent (three boats*)
Capacity: 12 passengers
Cruising speed: 35 knots
Length: 6.7 m (22 ft)
Width: 2.4 m (8 ft)
Annual tours: 5,000 passengers
Engine type: 1 Caterpillar – 3125 400 hp – E engine
Generator type: none
Biodiesel used: B100

* Plus a service boat: the Mouton-Cadet.

Bateau-Mouche (Old Port of Montréal)
www.bateau-mouche.com

Every year since 1992, some 60,000 tourists have enjoyed cruising out from the
Old Port to tour the Montréal waterfront and its islands aboard this Parisian-style
riverboat. The boat took part in the BioMer project. 

Le Bateau-Mouche
Capacity: 184 passengers
Cruising speed: 10 knots
Length: 32.2 m (106 ft)
Width: 6.5 m (21 ft)
Annual tours: 60,000 passengers
Engine type: 3 Carterpillar 3126 TA – Ms
Generator type: 1 John Deere 6061 AFM – M
Biodiesel used: B100
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Lachine Canal Cruise
www.croisierecanaldelachine.ca

The Éclusier carries hundreds of passengers every year on a tour where they 
discover the Lachine Canal’s history and enjoy the unique experience of passing
through the locks. The boat flew BioMer’s colours. The Éclusier ties up at the
Atwater Market Dock on the Lachine Canal. 

Éclusier
Capacity: 49 passengers
Cruising speed: 10 knots
Length: 19.2 m (63 ft)
Width: 4.6 m (15 ft)
Annual tours: 10,000 passengers
Engine type: 1 Volvo Panta MD 70A – M engine
Generator type: none
Biodiesel used: B100

Results and Perspectives

The results from the biodiesel demonstration and impact assessment are of 
special interest to cruise companies since their boats operate in particularly 
sensitive environments that could greatly benefit from the environmental 
advantages of this new renewable fuel. The results can also be extrapolated 
to operating fleets of ferries, pleasure craft and other similar boats. 

This report presents the main findings on supplying and operating a tour fleet
with B100 during the summer, highlights results of polluting emission, biodegra-
dation and toxicity tests, and puts project impacts in a global perspective.
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Biodiesel is a methyl ester produced from a chemical reaction between a light
alcohol and vegetable oil or animal fat. It can either be used as an alternative
fuel in its pure form (B100) or mixed with petrodiesel, most commonly in 2% (B2),
5% (B5) or 20% (B20) blends.

Initial Characterization of Fuels (Biodiesel and Petrodiesel)

The B100 used in the BioMer project was produced from recycled cooking oil. 
It was imperative that the biodiesel used in the project meet ASTM D 6751 
specifications since that is the only standard for pure biodiesel (B100) recognized
in North America. Results of fuel’s characteristics confirm that the biodiesel B100
produced by Rothsay met the standard. Characterization data used for petrodiesel
is that for reference petrodiesel (#2 type B, low-sulphur – 500 ppm) used by
Environment Canada’s Environmental Technology Centre (ETC). Appendix 1 gives
details in a table entitled Characteristics of BioMer Project Fuels.  

Based on the characterization of biodiesel, the following assertions may be
made:*

• Biodiesel is a light solvent. It cleanses the fuel tank, feed and injection 
system, and keeps them clean. 

• Even at a low concentration, its lubricity (the fuel’s lubricating power) 
is clearly superior to that of petrodiesel. Engine wear is thus reduced and
engine life increased. For instance, wear scars are 50% lower with B5 than
with petrodiesel. B20 has almost the same lubricity as B100.

• Its much higher cetane number (equivalent to the octane index for gasoline)
results in better combustion and a shorter ignition delay, thus reduced NOX
emissions (according to the results of BIOBUS project). A cetane number
between 40 and 55 is adequate for most diesel engines. The cetane number
of the pure cooking-oil-based biodiesel used in the BioMer project was 
52 compared to 42 for reference petrodiesel. 

• Biodiesel’s cloud point was not an issue in the BioMer project, which ran
only during the summer. It is nonetheless interesting to note that biodiesel,
even though it has a higher cloud point than petrodiesel, can still be used
safely in cold weather by adjusting the blend (B2, B5 and B20) and adhering
to some simple rules for its use.

• Biodiesel blends are thermally stable and are not significantly altered even 
when subjected to temperatures above 70°C.

• Since it has a higher oxygen content (11%), biodiesel improves combustion
of petrodiesel in the blend, and thus helps reduce emissions.

Biodiesel Delivery

Before starting the BioMer project, it was first necessary to optimize fuel 
delivery procedures since each cruise company had its own supplier and delivery
schedule. Some received fuel every other day, others weekly or even biweekly.
Working closely with the cruise companies, a new supply system was established
and worked successfully throughout the project. 

A truck from the fuel distributor, Sonic, picked up the biodiesel at Rothsay’s
Sainte-Catherine plant and made four deliveries per week. An additional delivery,
if necessary, was always possible on an hour’s notice. For ongoing quality 
assurance of the pure biodiesel, a monitoring program was also implemented by
Rothsay, which sampled biodiesel at the plant’s outlet each time a delivery truck
was loaded. Sonic thoroughly cleaned the tank of its truck, dedicated solely to
biodiesel for the duration of the project. 

Lachine Rapids Tours was the only cruise company with its own dockside supply
tank. Installed recently (about one year ago), this tank was neither specially
cleaned nor inspected before converting to biodiesel since the cruise company
thought this unnecessary. The onboard tanks of other cruise companies being
hard to reach, they too were not cleaned.

Quantity of Biodiesel Used

Of the 254,000 litres initially planned, only 116,875 litres of pure biodiesel, 
produced from 100% recycled cooking oil, were consumed during the BioMer
project. There are three main reasons for the difference: 

• The project’s early May start date was postponed five weeks. Petrodiesel
emission tests were thus performed later than planned, delaying conversion
to biodiesel and the number of weeks of biodiesel supply, hence affecting
the total quantity of fuel needed for the project.

• The Cavalier Maxim (Croisières AML), which was initially slated to run on
B100 for 22 weeks and whose fuel requirements alone amounted to nearly
half the total biodiesel planned for the project, ended up using B5 following
a Croisières AML business decision.

• Filter clogging problems incited some cruise companies to suspend fuel 
deliveries or switch to weaker biodiesel blends.

* For further details on biodiesel characteristics, refer to the final report of the BIOBUS project. 
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Lachine Canal Cruise (1 boat)
• The Éclusier used B100 from June 23 to the end of the season.

Bateau-Mouche (Old Port of Montréal) (1 boat)
• The Bateau-Mouche used B100 continuously from June 23 to September 1

(last delivery) then reverted to petrodiesel in week 13 in preparation 
for winter.

Lachine Rapids Tours (7 boats)
• The seven boats operated by Lachine Rapids Tours (Saute-Moutons and 

Jet St-Laurent) ran on B100 from June 23 to July 30 and then stopped using
biodiesel until August 11.

• The cruise company then resumed on B10 (a 10% blend) until August 21 
(last delivery), and later on B20 for a second series of emission tests by the
Environmental Technology Centre (ETC). It then stopped using biodiesel for
the rest of the season.

Croisières AML (3 boats)
• The Cavalier Maxim: This boat successfully ran on B5 from June 23 

to July 23 (last delivery) and then stopped fuelling on biodiesel in week 8.
• The Transit and the Miss Olympia: These two boats ran on B100 from June

23 to August 4 (last delivery). They stopped fuelling on biodiesel in week 8.

Biodiesel Use Timeline – BioMer Project 

2004 Season

2 9 16 23 30  6 13 20 27 4 11 18 25  1  8 15 22 29  5 12 19  26  3  10 17  24 31

1 2  3 4 5 6 7 8 9 10 11  12 13 14 15 16 17 

May June July August September October

B5
B10
B20
B100

Date

Week of supply

Lachine Canal Cruise 

Bateau-Mouche 
(Old Port of Montréal) 
Lachine Rapids Tours 

Croisières AML 
(Transit and Miss Olympia)
Croisières AML 
(Cavalier Maxim)

Biodiesel Supply – Recap

• The biodiesel used was B100 from recycled cooking oil.
• The characterization data used for the BioMer project confirms that the

pure biodiesel produced by Rothsay meets ASTM D 6751 specifications.
• The main characteristics of biodiesel (natural solvent, superior lubricity,

higher cetane number and better combustion) are advantages over
petrodiesel that are of great interest in operating a tour fleet. The main
drawback to biodiesel, its higher cloud point, had no impact since the
project ran during the summer.

• A standard biodiesel delivery procedure was implemented to meet the
needs of all cruise companies.

• A total of 116,875 litres of B100 was used during the BioMer project.
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One aim of the BioMer project was to assess whether using biodiesel impacted
the reliability of tour boats plying daily the summer waters of the St. Lawrence
River and Lachine Canal. It was important to check whether biodiesel affected
marine diesel engine performance or gave rise to potential operating problems.

Biodiesel and Marine Diesel Engine Performance

One project objective was to check whether biodiesel affected the performance
(power and torque) and energy efficiency of marine diesel engines. Researchers
from the Environmental Technology Centre (ETC) and Maritime Innovation thus
carried out a series of tests to verify fuel (biodiesel and petrodiesel) energy con-
tent and engine thermodynamic efficiency. They also determined the maximum
power and maximum torque of marine diesel engines running on each fuel.
Appendix 2 gives details about the test methodology and results.

The conclusions below can be drawn from results of the various tests.

• Even though biodiesel contains less energy than petrodiesel per unit volume or
mass, the engine’s performance is enhance due to biodiesel’s superior lubricity
and higher cetane number. Fuel consumption is thus practically the same, even
slightly lower for B5 and B20. This tendency does not appear to apply to B100,
for which BioMer project results gave 3.3% higher fuel consumption. This 
may be explained in part by the fact that engines were not tuned for using pure
biodiesel before testing (e.g., by adjusting injection timing and duration). 

• Regardless of concentration or operating mode, biodiesel performed better 
and provided slightly higher effective power than reference petrodiesel. Using
biodiesel even in weak blends improves engine performance because of its higher
lubricity. This holds true only if the baseline petrodiesel has low lubricity, which 
is apparently often the case with #2 petrodiesel in Canada.

• Cruise companies, including those operating under conditions requiring full use 
of their engines’ effective power, reported that their equipment worked at full
capacity when using B100.

Incidents Related to Using Biodiesel

Cruise companies participating in the BioMer project were asked to report any
problem that they believed was related to using biodiesel. Some companies did
report a few incidents after being supplied with biodiesel for six weeks (in late
July and early August). The incidents involved rapid clogging of fuel filters, which
had to be changed very frequently for a certain period. Crews noted that some
engines tended to sputter and a few times even stopped. Despite this, the boats
remained operational and these incidents did not impact customer service.

Summary of Incidents by Cruise Company

Lachine Rapids Tours
• The seven boats operated by Lachine Rapids Tours (Saute-Moutons and Jet 

St-Laurent) ran on B100 up to July 30 (week 6). At that date, the company
noted that dockside tank filters were clogging, leading to a sharp increase in
the time it took to pump fuel aboard boats. Since the slowdown could have
resulted in logistical and operating problems at the very height of the tourist
season, the company decided to replace the 2-µm filters at the outlet of its 
dockside tank with 10-µm filters. Pumping then returned to its normal rate.

• The problem thus far limited to the dockside tank, quickly reappeared aboard
the boats. The company, noting pressure drops in the fuel feed, was forced as
a preventive measure to change a few times all filters on its seven boats (two 
filters per engine and two engines per boat). This problem incited the company
to stop using biodiesel for one week and then resume using a 10% blend (B10).
When the problem then appeared to resurface, it decided to completely stop
using biodiesel for the rest of the season. The company nevertheless accepted
to resume using B20 for one week so the ETC could carry out a second series
of emission measurements.

Croisières AML
• The Cavalier Maxim ran smoothly on B5 up to July 23. The company then

stopped using the blend, having received notice from Detroit Diesel that it did
not encourage the use of biodiesel for its Series 4000 engines.

• The Transit and Miss Olympia ran on B100 up to the first week of August
(week 7), when the company noted a pressure drop in the boats’ engine fuel
supply system, which lead to a few operating problems. After receiving the
notice from Detroit Diesel for the Cavalier Maxim, it decided to completely 
stop using biodiesel.

Impact of Biodiesel on Engine Performance and 
Fuel Consumption (in Comparison to Petrodiesel)

Difference in Biodiesel Difference Difference 
Energy Content in Engine in Fuel 

per Unit Volume Performance Consumption 

B5 -0.3% +2.3% -1.8%
B20 -1.4% +2.3% -0.8%
B100 -7.2% +3.3% +3.3%
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Bateau-Mouche (Old Port of Montréal)
• The Bateau-Mouche ran continuously on B100 until early September.
• In late July and early August, the company began to notice drops in the 

generator’s effective power that could have led to electrical failures. The 
generator could be used safely by reducing the load and changing primary and
secondary filters more often.

• Filter problems began to affect Bateau-Mouche engines around August 2 
(week 7) after the buildup released had worked its way through the boat’s 
four tanks, clogging the filters in so doing. The company then noted non-
simultaneous fuel pressure drops of unequal magnitude for the craft’s three
engines. The problem was solved by changing all filters three or four times 
as a preventive measure until the situation returned to normal.

Lachine Canal Cruise
• The Éclusier ran smoothly on B100 throughout the project. Using biodiesel

entailed no special maintenance and no filter changes were necessary. Note
that the Éclusier had already trialed biodiesel during the previous tourist season.

Filter Issue

Filter clogging is a phenomenon users commonly report and occurs four to eight
weeks after converting to biodiesel. It results from the release of tank buildup due 
to biodiesel’s solvent properties (the BIOBUS and BioMer projects do not support
others studies claiming that the phenomenon occurs even earlier, i.e. by the second
or third fill-up on biodiesel). Some cruise companies, however, were not convinced
that the problems encountered arose from the release of buildup. They did not
believe that their equipment was unclean, suspecting instead the quality of the
biodiesel or its effect on filters. To reassure cruiser owners and answer their 
questions, the project team decided to have a further series of tests and analyses
performed.

A) Maritime Innovation first conducted tests to check whether the biodiesel 
could have adversely affected fuel filters.

B) The Department of Defence’s Quality Engineering Test Establishment (QETE)
next performed a partial characterization of the batch of biodiesel delivered
during that period as a quality control measure to verify that it met standards.

C) Lastly, QETE conducted analyses of samples of biodiesel sludge taken from the
clogged filters to identify its composition and check whether it resulted from
the normal phenomenon of buildup release.

A) Filter tests
To understand the origin of the problems cruise companies encountered, the project
team first checked whether the solvent properties and viscosity of biodiesel 
could have had any impact on the filters. Maritime Innovation ran tests on the 
different fuel filters used aboard the boats to check out four hypothetical causes.
Tests were designed to assess filter efficiency for continuous use of biodiesel.
Appendix 3 A describes test procedures in detail.
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Questions and answers
1. Was the 2-µm filtering aboard the boats too fine for pure biodiesel?

No. For filters of equal filtering power, the pressure drop is inversely propor-
tional to the surface area of the filter element. Any pressure drop can thus be
offset simply by using larger filters.

2. Can biodiesel cause filter element fibres to swell leading to filter clogging?

No. Test results indicate that biodiesel does not affect the filter medium.

3. Could biodiesel be incompatible with certain fuel filter components, which
break down when in contact with it, leading to filter clogging?

No. Testing for 300 hours, the normal life of a filter, showed no deterioration 
of the various filter components.

4. Could the higher viscosity of biodiesel compared to petrodiesel account for 
the lower engine injector pressure leading to a pressure drop and lower engine
power once filters become slightly dirty?

Yes. Pure biodiesel’s higher viscosity may lead to a pressure drop of about 25%
but it is not the cause of filter clogging during the BioMer project. The pressure
drop may, however, be offset by using larger filters, two parallel filters or a
booster pump. Note that the weaker the biodiesel blend, the smaller the effect
of this phenomenon. Tests with B20 give results comparable to those with
petrodiesel.

B) Biodiesel quality control
In response to concerns voiced by certain cruise companies, the project team
checked the quality of the biodiesel. QETE testers were put in charge of performing
a partial characterization of a sample of B100 from the batch suspected to be
behind the incidents (July 29, 2004). The tests showed that the parameters 
measured for that batch met ASTM D 6751 specifications. Indeed, other Rothsay
customers using the same batch had no problems. Appendix 3 B gives the results
of this partial characterization.

C) Cleansing and solvent effect of biodiesel
The most plausible explanation of filter clogging remains the release of engine
and tank buildup due to biodiesel’s solvent effect. To prove this, the QETE carried
out a series of tests to identify components in the suspended solids (sludge) in
B100 samples from the Bateau-Mouche’s primary filters and B10 samples from
the Lachine Rapids Tours’ tank filter. Appendix 3 C gives the results of these
tests.

• The marked presence of sediment (petroleum varnishes and gums) in Bateau-
Mouche filters prove that buildup was still being released when the sample
was taken. For Lachine Rapids Tours, however, only traces of sediment were
found since there had been a long break in biodiesel supply and many filter
changes before the sample was taken. Under such conditions, it is normal 
that only traces of released buildup remained.

• The water and even traces of mould and bacteria found in the Lachine Rapids
Tours sample are not uncommon in fuels, particularly in petrodiesel. They are
not the cause of filter clogging, however, since they were not found in B100
samples from the Bateau-Mouche.
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Cruise Company Assessment and Feedback

Initially, all cruise companies received the BioMer project very warmly, 
especially because of its positive environmental impacts and the “green” image 
it gave their industry. They generally found that the power of their boats during
the project was undiminished after converting to biodiesel. They particularly
appreciated that biodiesel fumes were quite noticeably less sooty and smelly. 
The satisfaction companies expressed in all instances hinges on whether 
setbacks arose from their use of biodiesel.

Lachine Canal Cruise
This company solidly supports biodiesel, having also tested it successfully throughout
the 2003 season. Its feedback is entirely positive. Furthermore, it has already stated
that it intends to continue using B100 next season.

Bateau-Mouche (Old Port of Montréal)
Feedback from this company is also very positive, especially regarding the 
elimination of smelly black petrodiesel fumes. Since its open-air terrace is on the
boat’s aft deck near where engines release exhaust, it reported that biodiesel’s
properties lead to better air quality and a cleaner setting more pleasing for its
customers. Furthermore, it was not necessary to clean the boat’s white hull as 
is usually required at least two or three times during the season when running 
on petrodiesel. 

Since the incidents arising in early August were manageable and did not prevent
the Bateau-Mouche from operating normally, the only reservation expressed 
concerned the number of preventive filter changes. The company nevertheless
states that it is interested in continuing to use biodiesel next season provided 
this problem is solved. The only other constraint mentioned is the higher cost 
of biodiesel compared to petrodiesel. Though the company would be prepared to
pay slightly more for a green fuel, that would only be possible if governments
introduce incentives to reduce the price gap between the two fuels.

Lachine Rapids Tours (Saute-Moutons and Jet St-Laurent)
From the outset of the project, this company showed great interest in biodiesel
and recognized its many advantages. It stated that it is very satisfied with engine
performance after converting to biodiesel. It also described reduced petrodiesel
fumes and odour as important criteria favouring their industry’s use of biodiesel.
The company formulates certain reservations, however, due to the incidents (filter
problems) arising in the early weeks of August. It does not believe that the fuel
was stable throughout the project, potentially jeopardizing the continuous service
its boats provide. Since the company had to make an unusually high number 
of preventive filter changes to ensure that problems did not arise, it decided to
interrupt its biodiesel supply. Despite this, the company is prepared to use pure
biodiesel in the coming season provided it has an adequate guarantee of the
product’s stability. As with the Bateau-Mouche, the price of biodiesel is a major
hurdle. The company is not ready to pay more for the product.

Croisières AML
This company has always shown its interest in the advantages biodiesel offers. 
It appreciated B5’s properties (especially regarding engine performance and
reduced fumes and odour) when running the Cavalier Maxim before a dispute
regarding the engine’s warrantee (completely unrelated to biodiesel) forced it to
stop using the fuel. As for the Miss Olympia and Transit, both running on B100,
the company preferred to quickly put a halt to biodiesel after filter problems 
arose and the notice about the Cavalier Maxim was received from Detroit Diesel.
The company states that it is still interested in running its boats on biodiesel, 
but on weaker blends (B5 or B20) and only under two conditions: 
1) that engine manufacturers approve the use of biodiesel in their warrantees; 
2) that the price of biodiesel is equal to or less than that of petrodiesel.
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Cost of Biodiesel

Though beyond the scope of this project, it is interesting to look at biodiesel from
a cost standpoint, given that its rack price is at least 20¢ per litre higher than 
that of petrodiesel, due to biodiesel’s more costly feedstock. Note that under the
BioMer project, all additional costs including fuel delivery were absorbed by the
project.  

For those cruise companies that may wish to continue using biodiesel in coming
seasons, however, fuel price could be a determining factor in their decision. The
price paid for petrodiesel varies widely between cruise companies (depending on
volume purchased and delivery conditions), making the price of B100 competitive
for some, slightly higher for others and exorbitant for still others. Hence no general
rule can be applied. There appears to be a trend developing in North America 
to use tax measures to offset the price gap between biodiesel and petrodiesel.
The possibility is often raised of removing the provincial tax to make the price 
of biodiesel competitive immediately (dropping the tax on fuel oil amounting to
16.2¢ per litre in Québec). The Ontario (2002) and British Columbia (2004) govern-
ments have already passed such measures, while the Canadian government has
exempted biodiesel from the excise tax (4¢ per litre). For road transportation,
combined provincial and federal exemptions could put the price of the two fuels
on a par. Unfortunately, cruise companies would not benefit from removal of the
provincial road tax since dyed fuel (petrodiesel) used for propulsion is not taxed.
They would thus only benefit from removal of the federal tax on biodiesel 
(4¢ per litre). 

Though it may indeed be difficult for some cruise companies to adopt B100 
at present because of its higher price, they could nevertheless consider B20 
as an entirely cost-justified alternative.

Operations – Recap

• It has been proven that cruise companies can replace petrodiesel with 
pure biodiesel (B100) to fuel their boats during the summer season.

• Despite its lower energy content, biodiesel has intrinsic properties making
possible better engine performance (power and torque), which leads to 
a very slight (-1%) reduction in fuel consumption with B5 and B20 and a
slight increase with B100 (+3.3%).

• To optimize efficiency and performance with B100, the diesel engine should
be tuned for use with pure biodiesel, e.g., by adjusting injection timing and
duration. Note that after such tuning, the engine must only run on pure
biodiesel and must be retuned to run again on petrodiesel.

• Biodiesel’s solvent properties necessarily lead to system cleansing, i.e., 
release of engine and tank buildup, which can be expected after four to eight
weeks of use.

• Except for more frequent filter changes during the cleansing period,
biodiesel does not appear to raise other boat maintenance issues. Instead,
it cleanses and keeps clean tanks, pipes and injection systems, and its 
lubricating qualities reduce wear on fuel system components. From a 
general maintenance standpoint, less sooty fumes mean boat decks and
hulls require less frequent cleaning.

• Based on the BioMer project, cruise companies say they are satisfied with
biodiesel and interested in using it in various blends in the coming season 
provided it is competitively priced.

Recommendations Regarding Operations

• Begin using B20 before going on to B100 to ensure a smooth conversion 
and give cruise companies time to become familiar with biodiesel 
(use, maintenance, etc.).

• Verify with engine manufacturers whether guarantees remain valid after 
converting to biodiesel. Note that weaker blends (from B5 to B20) are more
widely accepted by engine manufacturers than B100.

• Use B20 since it offers excellent performance and maximizes engine 
efficiency without affecting fuel consumption.

• Thoroughly clean onboard and dockside fuel tanks before starting to use
biodiesel blends stronger than 5% in order to reduce the release of buildup
due to the fuel’s solvent action.

• Schedule three or four additional filter changes during the cleansing period 
if prior cleaning is not feasible.

• Check the filtering process from tank to boat engine to make sure that large
filters with the same mesh size are used at all stages, if possible, in order 
to counter the effects of buildup release. 

• Use more competitively priced B20 rather than higher-cost B100.
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Before and after the conversion to biodiesel, Environment Canada’s Environmental
Technology Centre (ETC) used mobile test gear to make emission measurements
aboard four boats in the BioMer fleet (one per cruise company). A Caterpillar
marine diesel engine also underwent more extensive testing at ETC labs. Test
results provide baseline data on each of the fuels used (petrodiesel, B5, B20 and
B100). Appendix 4 gives the detailed methodology, followed by fact sheets with
the data for each type of emission. 

Emission Measurement Results

Biodiesel has the overall effect of reducing all polluting and GHG emissions
except NOX, which slightly increases to some blend-dependent degree.  

Total particulate matter (PM)
• Among emissions produced by a marine diesel engine, particulates are those

that must be most closely scrutinized because of their potential hazard to
human health. B100 results in the most striking reduction in PM emissions,
some 82%. However, the fact that the reduction in PM emissions is 
proportionately greater than the biodiesel in the blend (B5 or B20) supports 
the assertion that biodiesel leads to better combustion of petrodiesel.

Carbon monoxide (CO)
• There is a major reduction in CO emissions using B100, more than 35% lower

than those for reference petrodiesel. Such emissions are over 17% lower 
with B20.

Total hydrocarbons (THC)
• THC emissions are more than 37% lower with B100 than with petrodiesel. 

Test results for B5 and B20 are less conclusive.

Nitrogen oxides (NOX)
• Biodiesel at any concentration generally tends to slightly increase NOX emissions.

BIOBUS project findings, however, showed that cooking-oil-based biodiesel
(containing a certain proportion of animal fat) tended to reduce NOX emissions
because of its higher cetane number. The BioMer project does not support 
the earlier findings. NOX emissions increased by nearly 10% with B100 and
just less than 5% with B20.

Sulphur dioxide (SO2)
• Engine sulphur oxides emissions are composed of 90% SO2 and 10% SO4. 

Over time, the SO2 changes to SO4. Sulphates are a factor in acid rain and 
can cause violent attacks of asthma and bronchitis. Biodiesel helps reduce
these harmful emissions (95% with B100).

Fine particulate matter (PM2.5)
• Using biodiesel greatly reduces the PM2.5, the greater portion of total PM, 

even at low concentrations (B5 and B20).

Polycyclic aromatic hydrocarbons (PAHs)
• PAHs include highly carcinogenic substances. Marine diesel engine PAH 

emissions are considerably lower with biodiesel than with petrodiesel 
and have about the same proportion of volatile organic compounds (VOCs) 
and carbonyl compounds for both fuels. Even a weak blend of biodiesel (B5)
results in a substantial 45% reduction in PAH emissions.

Carbon dioxide (CO2) – not shown in the chart
• Direct engine CO2 emissions are marginally (1%) lower with biodiesel.
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Impact of Biodiesel Use by Montréal Cruise Companies 
on Annual GHG Emissions

NRCan’s GHGenius model was used to calculate in kilograms of CO2 equivalent
(CO2eq.) the total impact of running marine diesel engines on biodiesel. Every litre 
of pure biodiesel (B100) reduces GHGs by 3.05 kg of CO2eq. based on life cycle
analysis. Corresponding figures are 0.73 kg for B20 and 0.31 kg for B5. 

The BioMer project demonstrated that it was viable to use B100 to fuel tour
boats. Total biodiesel consumption during the project from May to October 2004
(116,875 litres) led to a reduction in GHG emissions, based on life cycle analysis,
of about 356 tons of CO2eq. Had biodiesel completely replaced the 600,000 litres
of petrodiesel consumed over a typical season, CO2eq. would have be around
1,830 tons lower, equivalent to taking off the road 366 vehicles travelling 
20,000 km a year.

Impact on Urban Smog

Smog is a toxic mixture of air pollutants that often appears as a haze hovering
over cities. Individuals exposed to smog may become more vulnerable to 
cardiopulmonary diseases. The two main pollutants in smog that impact health
are ground-level ozone and fine airborne particulates. Ground-level ozone is 
a colourless, extremely irritant gas that forms just above the earth’s surface. 
It is called a “secondary pollutant” because it is produced when two “primary 
pollutants” react to sunlight in stagnant air. The two primary pollutants are 
nitrogen oxides (NOX) and volatile organic compounds (VOCs).

Other noteworthy pollutants found in smog include nitrogen dioxide (NO2), 
one of the foremost nitrogen oxides (NOX), sulphur dioxide (SO2), which can be
chemically transformed into acid pollutants like sulphuric acid, and sulphates
(SO4), primary components of fine particulates.

Regardless of concentration or source, biodiesel can help reduce urban smog 
formation. Though using it appears to slightly increase NOX emissions, it also 
substantially lowers particulate emissions and, depending on the measures 
taken, reduces sulphur dioxide (SO2) emissions. This is in part because biodiesel,
practically not containing sulphur, dilutes the proportion of sulphur in the blend
the engine burns.

In conclusion, though biodiesel may slightly increase NOX, it improves air quality 
by reducing overall GHG and polluting emissions that contribute to forming 
urban smog.
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Specific Impacts

The issue of emissions was also studied from other standpoints: the impact of
biodiesel blend, the impact of engine operating mode, and how closely field and
lab results agree.

Impact of biodiesel blend
• Test data does not always establish that emission reductions are proportional

to the concentration of biodiesel (B5, B20 and B100).

Impact of engine operating mode
• Generally, most emissions are lower for all engine operating modes except

idling, where results are more varied (see Appendix 4 for details).

Field vs. lab results
• Results from the test facility under controlled conditions (lab) were compared

to those from mobile gear testing aboard the boats (field). The duty cycles 
differ between the two test types which is reflected in some differences 
when the data is directly compared, however, the overall trends in emission
reductions were observed in both cases.

Emission Measurements – Recap

• B100 leads to major reductions in emissions except NOX, which increases
slightly.

• Engine CO2 emissions are slightly (1%) lower.
• Based on a fuel’s life cycle analysis, every litre of B100 reduces CO2eq.

by about 3.05 kg.
• Though it may increase NOX slightly, biodiesel helps reduce urban smog 

and improve air quality by substantially reducing other polluting emissions.

Recommendations Regarding Emissions

• Benefit from a lower concentration like B20, which yields a very significant
reduction with no pronounced increase in NOX emissions, even though B100
leads to a more impressive reduction in emissions. 
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5Biodiesel Biodegradability 
and Toxicity



The BioMer project team initially supposed that biodiesel’s reputed total
biodegradability and low toxicity was valid, making its use ideal in ports, water-
ways, and other locations where the environment and ecosystems are fragile.
Indeed, it is often said that biodiesel is as biodegradable as sugar and ten times
less toxic than salt. One project objective was thus to validate such assertions
and assess potential impacts of a biodiesel spill in the St. Lawrence River.

To do so, the National Research Council (NRC) of Canada’s Biotechnology
Research Institute (BRI) was mandated to carry out a series of tests on biodiesel
biodegradability and toxicity. Appendix 5 gives methodological details and test
results.

Characterization of St. Lawrence River Water

Researchers first performed a characterization of St. Lawrence River water. The
St. Lawrence ecosystem has a strong potential for degrading biodiesel and, to a
lesser extent, petrodiesel. There are roughly six times more biodiesel degraders
(active agent for the biodegradation) than petrodiesel degraders in the river
where samples were taken.

Preliminary Ecotoxicological Characterization 
of Biodiesel and Petrodiesel

Researchers next performed a preliminary ecotoxicological characterization of
biodiesel and petrodiesel in order to determine the effect of the fuels on a limited
group of selected organisms. Three tests–Microtox, SOS-Chromotest and algae
test–were performed on samples of biodiesel and petrodiesel as part of the
BioMer project. Only a basic characterization was done. 

Results show that biodiesel’s toxicity appears to be either similar to (2 tests)
or higher than (1 test) that of petrodiesel. Since only very limited testing was
performed on a single sample of each fuel, it is impossible to draw conclusions
regarding the relative toxicity of the fuels without conducting more thorough
testing.

Ecotoxicological Tests on Biodiesel and 
Petrodiesel after Two Months of Biodegradation

The same limited testing was used to measure the ecotoxicological effects of
biodiesel and petrodiesel after two months of biodegradation under controlled lab
conditions. The purpose was to determine whether biodiesel’s toxicity increased
or decreased during the biodegradation process. 

Results show that degradation can reduce the toxicity of biodiesel and
petrodiesel under certain conditions. Biodegradation of biodiesel may, 
on the other hand, lead to certain genotoxic effects. It is impossible to draw
conclusions regarding the relative toxicity of the fuels after degradation, 
however, based on such limited testing. More thorough tests are required 
to settle the question.
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Biodegradation Testing of Biodiesel and Petrodiesel

Using a sample of St. Lawrence River water, researchers conducted biodegradation
testing on biodiesel and petrodiesel. A respirometer, an instrument for continuously
measuring oxygen consumption, was used to monitor biodegradation dynamics
over time.

B100 was found to have a very different biodegradation rate than petrodiesel.
Under optimal lab culturing conditions (with nutrient enrichment), B100
biodegradation was 2.5 times that of petrodiesel: 85% degraded in only 
8 days at 20°C compared to 49% for B20 and 41% for petrodiesel. 
These results also agree with those from similar studies on the subject.

Furthermore, an analytical chemistry follow-up study of the residual concentration
of the fuels showed that river water microflora were able to degrade biodiesel
and petrodiesel down to very low levels. Only nutrient enrichment gives a measure
of the actual potential of degraders to biodegrade these fuels.
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Biodegradation and Toxicity – Recap

• Biodiesel being considered as biodegradable as sugar and less toxic
than salt, its use is generally recommended in ports, waterways and
other places where the environment is fragile.

• Since biodiesel biodegrades 2.5 times faster than petrodiesel at certain
concentrations and under certain conditions, it stands to reason 
that a biodiesel spill would have less impact than a petrodiesel spill.

• Limited ecotoxicological testing points to the potential toxicity of
biodiesel at certain concentrations and under certain conditions but 
further testing would be needed to confirm or refute this.

Recommendation Regarding Biodegradation 
and Toxicity

• Though generally less environmentally harmful than petrodiesel,
biodiesel is nonetheless a fuel and can have an environmental impact
should a major spill in water occur. It is thus recommended to respond
to any biodiesel spill with the same measures as for a petrodiesel spill.
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6Communications



The purpose of the BioMer project was to inform the public and potential users
of the environmental issues related to using biodiesel for maritime transport 
while promoting awareness of the issue of greenhouse gas (GHG) emissions and
climate change. Biodiesel was to be assessed as an alternative to petrodiesel,
which is generally used in this industry. It was also an opportunity to present
biodiesel as a clean fuel and the boats using it as ecological watercraft.
Communications had a key role to play in getting the message across.

A leaflet and a four-page newsletter were first produced in French and English 
to present and promote the project. They were distributed to interest groups 
and available at strategic locations on the premises of the various partners. After
a press release announced the launching of the project, a number of articles
appeared in daily newspapers (8) and online media (25). Later, opportunities 
to promote the project were not in short supply. Invitations were received by 
the project team, which participated at public and industry events (6), including
conventions and presentations. The BioMer project was thus given a high profile
on more than one occasion both nationally and internationally. 

To enhance project visibility, a logo with the BioMer visual identifier was placed
on each participating boat and four interpretive panels were erected at the Old
Port of Montréal and beside the Lachine Canal. Place mats bearing the project’s
colours were available at partner facilities (food courts and onboard facilities) as
were the leaflet (25,000)  and newsletter (4,000) described above. This promotional
material was primarily used to reach the general public and tourists at sites
where the project was ongoing.

A French-English website was also developed for the duration of the project at
www.biomer.ca.

Lastly, a press conference will be held when the project results are presented 
and final report submitted.
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The BioMer project yielded very promising results for maritime transport. 
It proved that it was possible to replace petrodiesel with pure biodiesel (B100) 
to fuel tour boats during the summer season.

The BioMer project also showed that biodiesel’s properties entail little or no
change to routine fuel supply and use, and boat maintenance and operations.
Boats handled in the same way and engine power was similar when running on
biodiesel rather than petrodiesel. A cleansing period, however, occurs between
the fourth and eighth week after converting to biodiesel but can be effectively
managed by taking certain precautions.

Lastly, the BioMer project underscored the obvious environmental and ecological
benefits that the maritime transport sector can reap by making greater use of
biodiesel. The biofuel contributes significantly to reducing most polluting and
GHG emissions and is thus fully consistent with efforts to meet objectives under
the Kyoto Protocol. Since biodiesel is considered totally biodegradable and its
toxicity has not been shown, its use is recommended in ports and waterways,
recognized as particularly sensitive environments. For all these reasons, using
biodiesel can be a first major step toward “greener” management of this industry. 

Biodiesel trials during the BioMer project support the recommendations below. 

Though B100 amply proved its worth during the BioMer project, it may be more
cost-effective and operationally prudent to begin by running tour boats on B20 and
still enjoy the many environmental benefits of using biodiesel. Initial use of that
blend is thus recommended in order to become familiar with and adjust to biodiesel
before going on to B100. 

In closing, the BioMer project clearly opens new perspectives in maritime 
transport. It made an important breakthrough in mobilizing cruise companies, 
their passengers and participating organizations, and in promoting public aware-
ness of this biofuel’s many possibilities. Future trials could, for instance, have as
objective corroborating the results and extending use to other types of boats 
(e.g., pleasure craft, ferries, merchant ships, government fleets, fishing boats)
navigating under other operating conditions (e.g., year round).

It may be hoped that in the not too distant future, boat owners and operators of
fleets of all kinds plying the waters of our lakes and rivers will be free to choose
a fuel that both suits their needs and is environmentally friendly.

• Begin using B20 before going on to B100 to ensure a smooth conversion 
to biodiesel and give users time to become familiar with the biofuel 
(use, maintenance, precautions, etc.).

• Verify with engine manufacturers whether guarantees remain valid after
converting to biodiesel. Note that weaker blends (from B5 to B20) are 
more widely accepted by engine manufacturers than B100.

• Use B20 since it offers excellent performance and maximizes engine 
efficiency without affecting fuel consumption.

• Tune diesel engines, e.g., by adjusting injection timing and duration, to
optimize efficiency and performance before any use of B100. Note that
after such tuning, the engine must only run on B100 and must be retuned 
to run again on petrodiesel.

• Thoroughly clean onboard and dockside fuel tanks to reduce the release 
of buildup due to the fuel’s solvent action before starting to use biodiesel
blends stronger than 5%.

• Schedule three or four additional filter changes during the cleansing period
if prior cleaning is not feasible.

• Check the filtering process from tank to boat engine to make sure that
large filters with the same mesh size are used at all stages, if possible, 
in order to counter the effects of buildup release.

• Benefit from a lower concentration like B20, which yields a very significant
reduction in emissions with no pronounced increase in NOX

emissions, even though B100 leads to a more impressive reduction. 
• Use more competitively priced B20 rather than higher-cost B100.
• Respond to any biodiesel spill with the same measures as for a petrodiesel

spill since biodiesel, even though generally less environmentally harmful
than petrodiesel, is still a fuel and can have an environmental impact
should a major spill in water occur.
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Appendix Contents

The appended material overviews procedures and methods used, 
and scientific test data and results obtained during the BioMer project.
Each appendix also contains key findings and analyzes impacts of using
biodiesel on tour boats.

The contents of each appendix are summarized below.

1. Physicochemical Characteristics of Fuels

Data on the characterization of biodiesel and reference petrodiesel 
used in the BioMer project.

2. Impact of Biodiesel on Marine Diesel Engine Performance

Results of performance tests on marine diesel engines carried out 
by Maritime Innovation and Environment Canada’s Environmental
Technology Centre (ETC).

3. Fuel Filter Issues

Results of tests on filters by Maritime Innovation and fuel tests 
by the Department of National Defence’s Quality Engineering Test
Establishment (QETE).

4. Emission Measurement Methods and Results

Results of emission measurements made by ETC.

5. Biodiesel Biodegradation and Toxicity Testing

Key results of biodiesel biodegradation and toxicity tests conducted by
the Biotechnology Research Institute (BRI) of the National Research
Council of Canada (NRC).





B5 B20 B100 Petrodiesel Biodiesel B100

B-FTS D 6751-02

Order in Specification ASTM D 6751 Units Type B-LSC

1. Physicochemical Characteristics of Fuels

A laboratory physicochemical characterization of the biodiesel used by
the cruise companies was required to ensure that it met ASTM D 6751,
the only standard currently recognized in North America for pure
biodiesel (B100). The following table show that the biodiesel B100 

produced by Rothsay met the standard. Data for petrodiesel comes 
from the physicochemical characterization of reference petrodiesel 
(#2 type B-LSC, low-sulphur – 500 ppm) used by Environment Canada’s
Environmental Technology Centre (ETC).

Additional characterization tests
• Once problems of premature filter clogging arose in the BioMer project, the

Department of National Defence’s Quality Engineering Test Establishment (QETE)
was called in to characterize partially a sample of biodiesel from a batch suspected
to be behind the incidents. The sample was taken at the Rothsay plant before 
loading the delivery truck. The results of this additional characterization show 
that Rothsay biodiesel meets ASTM D 6751 specifications.

• Biotechnology Research Institute (BRI) biodegradation and ecotoxicity testing also
required partial characterization of the fuel (including chromatographic analyses),
which showed that the cooking-oil-based biodiesel used was composed of 75%
vegetable oil and 25% animal fat. 

Reference
Petrodiesel

Standards

Test
Repeatability

Lab
Reproductibility

New criterion 
not measured

Characteristics of BioMer Project Fuels
Biodiesel 

(cooking-oil-based)

1. Flash Point ASTM D 93A °C 1.5 3.6 55 50 51 152 40 min. 130 min.
2. Water and Sediment ASTM D 2709 % vol 0.014 0.041 N/A 0 0.05 max. 0.05 max.
3. Kinematic Viscosity at 40°C ASTM D 445 cSt (mm2/s) 0.014 0.026 2.025 2.310 4.6 1.70 to 4.10 1.9 to 6.0
4. Sulphated Ash ASTM D 874 % mass 0.02 max.
5. Sulphur ASTM D 5453 % mass 0.038 0.00115 0.05 max. 0.05 max.
6. Copper Corrosion ASTM D 130 1a 1 max. No. 3 max.
7. Cetane Number ASTM D 613 0.9 3.3 44.4 43.4 45.6 52.0 40.0 min. 47 min.
8. Cloud Point ASTM D 2500 °C N/A -20 -15 4 -23 max. FYI

LTFT ASTM D 4539 °C 2 4 -21 -16 +4
9. Carbon Residue (on 10% bottoms) ASTM D 4530 % mass 0.017 0.053 0.16 max. 

Carbon Residue ASTM D 4530 % mass 0.007 0.024 0.02 0.05 max.
Acid Number ASTM D 974 mg KOH/g 0.31 0.10 max.

10.Acid Number ASTM D 664 mg KOH/g 0.056 0.160 0.6 0.80 max.
11.Free Glycerine ASTM D 6584 % mass 0.002 0.02 max.
12.Total Glycerine ASTM D 6584 % mass 0.173 0.24 max.
13.Phosphorus ASTM D 4951 % mass 0.001 max.

Distillation – 90% recovered ASTM D 86 °C 339.0 315.5 331.0 360 max.
14.Distillation – 90% recovered ASTM D 1160 °C 360 max.

Water by Karl Fischer Titration ASTM D 4928 mg/kg 1.37 1.92 49.6 71.0 184.9
Gross Energy Content ASTM D 240 BTU/lb 56 172 19,111 18,632 18,398 17,149
Energy Density Calc. = f (13, 16) kWh/L 10,055 9.771
Lubricity (180 minutes) ASTM D 6079 mm 0.062 N/A 0.205 0.180 0.195 0.460 max.
Carbon % mass 86.7 84.4 83.1 76.5
Hydrogen % mass 12.95 13.8 13.6 12.8
Oxygen % mass 0.52 1.8 3.1 10.5
Density at 15°C ASTM D 4052 kg/m3 816.0 839.3 846.0 882
Temperature ASTM D 6468 % reflect. 94
Conductivity at 23°C ASTM D 2624 pS/m 25 min.
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Energy Content
per Unit Weight

ASTM D 240
BTU/lb

Reference Petrodiesel 19,111 10.534 0.853
B5  19,012 10.497 -0.5% -0.3% 0.854
B20 18,718 10.387 -2.1% -1.4% 0.858
B100 17,149 9.774 -10.3% -7.2% 0.882

2. Impact of Biodiesel on Marine Diesel Engine Performance

Does using biodiesel affect engine performance (power and torque) and energy effi-
ciency, given that pure biodiesel typically contains less energy per unit mass and unit
volume than conventional petrodiesel? The question can be answered by performing
the analyses below.

• Fuel energy content
This table takes into account that biodiesel was used in a 5% blend, in a 20% blend
or pure (100%), and also that it is denser (heavier) than petrodiesel. Energy content
is measured per litre since fuel is sold by the litre.

• Consumption during testing
The thermodynamic efficiency of engines, a gauge of their energy efficiency, can
be calculated from the fuel’s energy content per litre. Recall that specific fuel 
consumption, i.e., consumption per unit mass, is calculated based on total carbon
released by the engine.

• Maximum power and torque of engines for each fuel (engine performance)
This data substantiates the impression the skipper may have of operating the same
craft even if it is running on another fuel.

Energy Content 
per Unit Volume

Calculated Value
kWh/L

Difference in 
Energy Content per 

Unit Mass

Difference in 
Energy Content per 

Unit Volume

Density at 15°C 

ASTM D 4052
kg/m3

Engine Fuel Consumption and Thermodynamic and Mechanical Efficiency vs. Fuel Type

Power and Efficiency of Fuels vs. Engine Operating Mode

Fuel Energy Content

Engine consumption is calculated as follows:
8% at 525 hp + 13% at 450 hp + 17% at 300 hp + 32% at 150 hp + 30% at 0 hp = 199.5 hp = 148.8 kW. Thus litres per hour is divided by 148.8, e.g., 40.487/148.8 = 0.2727

Power (HP) Torque (lb-ft)

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

rpm 1,025 1,250 1,500 2,050 2,250 1,025 1,250 1,500 2,050 2,250

Reference Petrodiesel 128.74 202.54 274.60 577.68 595.31 663.32 851.00 959.73 1,480.00 1,390.48
B5 136.20 227.99 353.72 588.00 599.42 697.17 962.77 1228.51 1,500.00 1,393.33
B20 130.75 218.55 305.60 592.00 605.33 659.88 917.30 1068.05 1,514.00 1,418.76
B100 140.00 213.02 283.00 579.00 596.00 712.00 894.56 993.00 1,488.00 1,395.00

Test L/h L/h % L/kWh kWh/L % % CV CV % lb/pi lb/pi %

Reference Petrodiesel 40.487 0.2727 10.468 35.0% 595.30 1,390.48
B5 39.740 -0.747 -1.8% 0.2677 10.432 35.8% +2.3% 599.42 4.12 0.7% 1,393.33 2.85 0.2%
B20 40.160 -0.327 -0.8% 0.2705 10.315 35.8% +2.3% 605.33 10.03 1.7% 1,418.76 28.28 2.0%
B100 41.832 1.345 3.3% 0.2818 9.774 36.3% +3.3% 596.00 0.70 0.1% 1,395.00 4.52 0.3%

Compared 
with Reference

Petrodiesel
Engine

Consumption
Energy 

Content
Engine

Efficiency
Change in

Engine
Efficiency

Max. 
Power at
2,250 rpm

During
Testing

Compared 
with Reference

Petrodiesel

Compared 
with Reference

Petrodiesel

Max. 
Torque at
2,250 rpm

During
Testing

Consumption
During Testing

Cat 3176C Engine with Electronic Fuel Injection

Cat 3176C Engine with Electronic Fuel Injection

Fuels

Note: Horsepower (HP) here is equivalent to 746 watts (W).
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Findings for fuel energy content
• Compared to reference petrodiesel, energy content per unit volume is slightly 

lower for B5 (-0.3%) and B20 (-1.4%), and markedly lower for B100 (-7.2%). 
This is offset by biodiesel’s higher combustion efficiency: +2.3% for B5 and B20, and
+3.3% for B100.

Consumption test findings
• Compared to reference petrodiesel, fuel efficiency is higher and consumption 

substantially lower with B5 (-1.8%) and B20 (-0.8%), making these blends 
particularly attractive from the standpoint of performance and consumption.

• Fuel consumption in L/min is 3.3% higher with B100 than with reference fuel. This
difference could have been less, however, had engine settings first been optimized
for running on B100 (e.g., by adjusting injection timing and duration).

Field vs. lab results
• Overall, results from onboard testing by Maritime Innovation are similar to those

from the ETC test facility, particularly for mode 4 where boats operated under 
similar conditions.

Findings for maximum engine power and torque for each fuel (engine performance)
• The hypothesis that effective power is 5% to 7% lower using B100 is not borne 

out by either field or lab results. Instead, a slight increase in power was noted.

Impact of biodiesel blend
– All concentrations of biodiesel resulted in effective power slightly higher than 

for reference petrodiesel.

Impact of engine operating mode
– The various concentrations of biodiesel lead to performance about 10% better

than reference petrodiesel for all operating modes.
– At 1,500 rpm, B5 developed nearly 15% more power than the benchmark, 

perhaps attributable to the electronic engine control or because the operating
range was optimal for that blend.

– Lachine Rapids Tours, for instance, operates craft under conditions requiring 
all of the engine’s effective power. Skippers confirmed that their equipment 
performed at full capacity when running on B100.
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3. Fuel Filter Issues

A few incidents occurred in late July and early August after six weeks
of supplying biodiesel for the BioMer project. The incidents involved
rapid clogging of fuel filters, which had to be changed very frequently.
The project team had warned cruise companies at the outset of the
project that using B100 led to a sharp rise in the release of tank buildup
because of biodiesel’s solvent and cleansing properties. Filter clogging
is the entirely predictable result of this phenomenon. Certain cruise
companies nevertheless expressed doubts about buildup in their equip-
ment and instead questioned the quality of the biodiesel or the effect 
it might have on the filters. To address these concerns and reassure 
the boat owners, the project team decided to have further tests and
analyses conducted to answer three key questions: 

A) Does biodiesel adversely affect fuel filters?
B) Was substandard biodiesel delivered during this period?
C) Was it instead the solvent and cleansing effect of biodiesel 

simply having its usual effect?

The project team was confident that answers to these questions would
get to the root of the problem.

A) Filter tests

It was first important to check whether the biodiesel had specific 
properties that may have caused the fuel filters to deteriorate 
prematurely or become less efficient. The project team thus formulated
four hypothetical explanations:

• Since biodiesel has a higher viscosity than petrodiesel, the pressure
drop across the filter could be higher, leading to lower pressure 
at the injectors. Once the filter is slightly dirty, the pressure drop 
may exceed the critical threshold and the engine loses power.

• Fibres in the filter elements may react with the biodiesel and swell,
leading to premature filter clogging.

• Specific fuel filter components may be incompatible with the
biodiesel and break down, leading to rapid filter clogging.

• The 2-µm filtering aboard certain boats may be too fine when pure
biodiesel is used.

Test procedure
To confirm or refute these hypotheses, the project team first asked the
manufacturers to test the biodiesel on their filters. Two companies
(Caterpillar and Donaldson) agreed in principle but the time at which
they could commit to delivering test results was too late for the project.
It was thus decided that Maritime Innovation, would test the various
fuel filters used aboard BioMer project boats.

Filter efficiency for continuous use of biodiesel and petrodiesel could be
compared based on the tests. Measurements were made on a custom-
designed test facility simulating fuel flow through the filters under 
conditions similar to those aboard the boats. The test facility included: 
a circulating pump operating at a pressure approximating that used 
to feed the marine diesel engines, a mechanically controlled pressure
regulator, precision pressure gauges above and below the filter, and
steel piping like that on the boats. Some 200 litres of biodiesel and
petrodiesel were required to perform the tests. 

Each series of test measurements was repeated on three different 
filters to minimize error. The main phenomena measured were:

• The pressure drop across CAT 1R0749 filters at the normal operating
pressure for biodiesel and petrodiesel

• The variation in this pressure drop over a 300-hour operating period,
obtained by soaking the filters in both fuels for periods of 50, 100, 
150, 200, 250 and 300 hours and then measuring the pressure drop 
for each filter, in addition to visually inspecting the filter medium for
anomalies

• The variation in pressure drop for B20 and B100 as a function of filter
element surface area, obtained by using two filters differing in size
(CAT 1R0749 and CAT 1R0751) but having the same filtering properties.
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Pressure Drop Test Results for Cat 1R0749 and 1R0751 Filters

Petrodiesel B20 % B100 % Petrodiesel B20 % B100 %
Pressure Drop (mmHg) 157.8 160.9 2% 195.0 24% 199.8 204.3 2% 215.1 8%
Inlet Pressure (mmHg) 308.5 326.2 6% 494.5 60% 306.8 316.4 3% 466.2 52%
Outlet Pressure (mmHg) 466.2 487.0 4% 689.5 48% 506.6 520.7 3% 681.3 34%

Caterpillar 1R0749 Filter Caterpillar 1R0751 Filter

Soak Test Results for Cat 1R0749 Filters

Petrodiesel B100 % Petrodiesel B100 % Petrodiesel B100 % Petrodiesel B20 %
Pressure Drop (mmHg) 157.8 195.0 24% 162.8 189.8 17% 162.8 186.3 14% 173.6 185.4 7%
Inlet Pressure (mmHg) 308.5 494.5 60% 304.8 494.7 62% 307.3 492.8 60% 297.5 494.2 66%
Outlet Pressure (mmHg) 466.2 689.5 48% 467.6 684.5 46% 470.2 679.0 44% 471.0 679.6 44%

0 Hours 50 Hours 100 Hours 150 Hours

Petrodiesel B100 % Petrodiesel B100 % Petrodiesel B100 %
Pressure Drop (mmHg) 173.3 186.7 8% 160.9 188.5 17% 160.0 193.5 21%
Inlet Pressure (mmHg) 301.1 498.9 66% 307.3 497.3 62% 310.5 489.8 58%
Outlet Pressure (mmHg) 474.4 685.6 45% 468.2 685.8 46% 470.5 683.3 45%

200 Hours 250 Hours 300 Hours

Filter test findings
• Measurements taken on the test facility with B100 do show an approximate 25%

increase in the pressure drop due to biodiesel’s higher viscosity. The increased
pressure drop can be offset by using larger filters. Where this is not feasible,
alternatives are arranging two parallel filters or using a booster pump to limit
suction at the main pump.

• Test results show that the biodiesel does not affect in the least the filter medium
within the manufacturer’s recommended filter life span.

• No deterioration of the various filter components was found after 300 hours 
of testing, the normal life of a filter.

• Test results clearly show that for filters of equal filtering power, the pressure
drop is inversely proportional to the surface area of the filter element. 
The pressure drop can thus be reduced by using larger filters.

• Note that as the biodiesel blend becomes weaker, the effects on filters diminish.
Tests with B20 show pressure drop and pump suction results comparable to
those with reference petrodiesel, making this blend attractive for minimizing
impacts on operations.

Petrodiesel Inlet

Outlet

B20 Inlet

Outlet

B100 Inlet

Outlet
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B) Biodiesel quality control

Another possible explanation of the filter problems lay in the quality of
the biodiesel. It was crucial to test samples of the batch delivered on
July 29, 2004 and suspected to be behind the incidents for certain ASTM
D 6751 parameters that could have potentially affected filter clogging. 
As a quality control measure, Rothsay performs a partial characterization
of all batches of biodiesel leaving its plant. Table 1 gives the results of
that characterization. The Department of National Defence’s Quality
Engineering Test Establishment (QETE) also performed a partial charac-
terization of the same batch. Table 2 gives those results. 

Findings regarding biodiesel characterization
• The parameters of the July 29, 2004 batch of biodiesel tested by

Rothsay and the CETQ met ASTM D 6751 specifications.

C) Cleansing and solvent effect of biodiesel

Lastly, it was necessary to check whether filter issues were simply the
result of the release of tank buildup due to biodiesel’s solvent effect. The
QETE was thus asked to identify components of the sludge (suspended
matter) contained in biodiesel samples taken directly from the clogged 
filters. On August 8, 2004, a sample of B100 was taken from the filters
aboard the Bateau-Mouche. On August 18, 2004, a sample of B10 was
taken from the tank of Lachine Rapids Tours, that cruise company having
decided, when filter problems arose at the height of the tourist season, 
to stop using B100 and later revert to B10. The sample could only be 
taken after the cruise company was operating with the weaker blend.

QETE tests on those two samples gave the results below.

Findings on residues in one B100 and one B10 sample
• Analysis of the B100 sample from the Bateau-Mouche shows that 

filter clogging was caused by a large amount of sediment, which was
primarily composed of gums and varnishes due to the cleansing effect
of biodiesel in the boat’s fuel tank. QETE detected no water, mould or
bacteria in the sample.

• Little sediment was found in the B10 sample from Lachine Rapids Tours.
This can be explained by late sampling: there had been numerous filter
changes and biodiesel’s solvent effect had been stopped by a 12-day
break on petrodiesel followed by a switch to a weaker biodiesel blend.

• Water, traces of mould and bacteria were only found in the B10 sam-
ple from the tank of Lachine Rapids Tours. The water may have come
from the petrodiesel used in the blend or from a change in biodiesel
storage conditions (condensation or the release of chemically bound
water). Any explanation of the source of water in the tank remains
hypothetical.

• Although it initially contains no bacteria due to the high temperatures
used in the process to produce it, biodiesel (like petrodiesel) may be
contaminated if water is present. Water provides favourable conditions
for bacteria and mould to develop and proliferate over a five- to six-week
period.

General conclusions regarding the fuel filter issue
• Although it is true that B100’s higher viscosity may increase the 

pressure drop in an engine’s fuel system, it is not the cause of filter
clogging during the BioMer project. Testing further demonstrated 
that using biodiesel does not lead to any deterioration of filter media
and components.

• The parameters of the July 29, 2004 batch of biodiesel tested by
Rothsay and the CETQ met ASTM D 6751 specifications.

• Everything points to biodiesel’s solvent effect, and not mould or bacteria
in the fuel, as being behind the filter clogging that occurred during 
the sixth week of the BioMer project. The release of tank buildup
caused similar problems during the BIOBUS project after using B20 
for six weeks.

Method Units B100 Standard Standard Met
(July 29 sample)

Acid Number ASTM D 664 mg KOH/g 0.52 0.80 max. �

Free Glycerine ASTM D 6584 % mass 0.01 0.02 max. �

Total Glycerine ASTM D 6584 % mass 0.169 0.24 max. �

Cloud Point ASTM D 5773 °C 4.3 FYI �

Water and Sediment ASTM D 2709 % volume Sediment: trace 0.05 max. �
Water: 0.00

Total: <<0.05
Water by Karl Fischer ASTM D 204 ppm 818 – –
Titration  

2. Partial Characterization of the B100 Batch by the CETQ

Method Units B100 Limits
(July 29 sample)

Flash Point ASTM D 93 °C 165 100.0 min.
Water and Sediment ASTM D 2709 % 0.016 0.05 max.
Kinematic Viscosity at  40°C ASTM D 445 mm2/sec 5.3 1.9 - 6.0
Sulphated Ash ASTM D 874 % mass 0.011 0.02
Sulphur ASTM D 2622 % mass < 0.015 0.05
Copper Corrosion ASTM D 130 – 1a No. 3 max.
Cetane Number ASTM D 613 – 58 40 min.
Cloud Point ASTM D 2500 °C +3 FYI
Carbon Residue ASTM D 4530 % mass 0.03 0.05
Acid Number ASTM D 664 mg KOH/g 0.53 0.80 max.
Free Glycerine ASTM D 6584 % mass 0.01 0.02 max.
Total Glycerine ASTM D 6584 % mass 0.169 0.24 max.
Temperature °C 30

1. Partial Characterization of the B100 Batch by Rothsay

Units Bateau-Mouche  Lachine Rapids  Rothsay
(Old Port of Montréal) Tours Results

Biodiesel Tested B100 B10 B100
(sampled August 8) (sampled August 18) (sampled July 29)

Acid Number mg KOH/g 0.0 0.002 0.52

Water and Sediment % volume Sediment: trace Sediment: 0.025 Sediment: trace
Water: 0.00 Water: 0.05 (500 ppm) Water: 0.00

Total: << 0.05 Total: << 0.075 Total: << 0.05
Water by Karl Fischer ppm N/A 630 818
Titration
Mould and bacteria No Yes No
present?
Gum Test, g/41 ml 16 N/A 4
ASTM D 381

Analysis of Three Samples of Biodiesel
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4. Emission Measurement Methods and Results

An emission measurement program was implemented as part of
the BioMer project. Combustion emissions from the different cooking-
oil-based biodiesel products (B5, B20 and B100) were compared 
to those from low-sulphur (500 ppm) #2 reference petrodiesel. 

The emission measurement program had two parts:
1) A marine diesel engine was subjected to a thorough series of

dynamometer bench tests at Environment Canada’s Environmental
Technology Centre (ETC). The results provided baseline data for
each fuel used in the project.  

2) To corroborate bench test results, the ETC used a mobile unit to 
perform a more limited series of emission measurements in the field,
on the engines of four boats used for the BioMer project (one per
cruise company). The purpose of these tests was to check that all
results followed the same general pattern and that lab results thus
reflected what happens in the field.

This appendix includes a series of fact sheets to help interpret test
results. Additional tests were carried out for CO2 and PM2.5 emissions.

The appendix contains emission test results for the following: 

The following greenhouse gas (GHG) emissions targeted by the Kyoto
Protocol are likely to be found in internal-combustion engine emissions:
carbon dioxide (CO2) and both nitrous oxide (N2O) and methane (CH4).
The latter two gases have a global warming potential of 310 times 
and 21 times respectively of an equivalent mass of CO2. Direct CO2
emissions measured on the marine diesel engines studied amount 
to 1,728 g/min. Test measurements put N2O and CH4 emissions in the
milligram range. NRCan’s GHGenius model (www.ghgenius.ca) was
used to assess the level of GHG production based both on engine emis-
sions and on fuel life cycle analysis. There is an excellent correlation
between GHGenius calculations and CO2 emissions measured during
the BioMer project. GHG emissions are expressed in kilograms of CO2
equivalent (CO2eq.).

Each type of emission is described in a fact sheet comprising:

• A summary table of mean results for each dynamometer bench test
and the reduction in emissions compared to lumped field results

• An analysis comparing these results with reference petrodiesel
• Bar charts showing:

– Total emissions in g/min or mg/min
– Percent reduction in emissions compared to reference 

petrodiesel derived from the above
• Key findings from the tests:

– Impact of biodiesel concentration
– Impact of engine operating mode
– Comparison between lab and field results
– Other specific findings, especially on extrapolating results to 

the entire BioMer fleet and other matters relating only to certain
emissions (NOX, SO2, PM2.5, PAH and CO2).

The data is presented to facilitate comparing emissions for different
biodiesel blends to those for reference petrodiesel. 

To correctly interpret the data, it is important to determine whether 
any difference noted between two test measurements is statistically 
significant or not. ANOVA analysis was used to achieve this. With this
method, it is possible to state whether or not the difference between two
sets of values is the result of chance and to determine the likelihood
that the same tests, carried out again, would still show a difference.
Differences with a probability of 95% or higher have been declared 
significant.

Detailed Methodology

1) LAB TESTS
So comparisons could be made between emission measurements,
especially with those from reference petrodiesel, measurements 
were made using the engine dynamometer and emission measurement
systems at the ETC.

Tests were conducted on a 1994 four-stroke Caterpillar 3176C marine
diesel engine developing 600 hp at 2,300 rpm and equipped with a
smart fuel injection system. The six cylinder in-line engine has a total
displacement of 12 litres, with a turbocharger and charge air cooler at
the intake. It was on loan from the Lachine Rapids Tours cruise company
and is typical of the engines aboard 8 of the 12 boats used in the
BioMer project.

Test procedure
The ETC dynamometer bench is certified and recognized in North
America for the testing of heavy-duty engines. The load is controlled
electronically and simulated by a 700-hp (522-kW) hydraulic turbine that
develops engine torque and speed to reproduce the same load cycle
from test to test. The test cycle selected was the one in ISO 8178-4 E5
for marine diesel engines on craft under 24 m long, which is based on
the propeller law. Note that there was no prior optimization of engines
to run on biodiesel.

Symbol Name Lab Field

PM particulate matter (total mass) � � *
CO carbon monoxide � �

THC total hydrocarbons �

NOx nitrogen oxides � �

SO2 sulphur dioxide �

PM2.5 fine (<2.5 µm) particulate matter � � *
particle size distribution �

PAH polycyclic aromatic hydrocarbons �

CO2 carbon dioxide � �

Emissions Measured

* This test was run on only one of the four boats.
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The breakdown of results by engine operating mode was not checked
for statistical significance. The data is given for information purposes only.

Exhaust gas sampling and testing methods

The ETC test facility is designed not only to certify engines under the
regulatory requirements of several countries, but also to carry out
engine and fuel research projects. Exhaust gases were sampled after
dilution in order to assess the mass of a large number of compounds
emitted during the tests. Emissions were measured either directly by
instant-reading analyzers (infrared sensors, chemiluminescence or
flame ionization) whose results were averaged for the test, or indirectly,
using filters or indicators that were subsequently analyzed in the lab to
obtain a cumulative value for the test. Gas samples were also bagged
and later analyzed by chromatography. A detailed description of the
facilities can be found on the ETC web site at www.etc-cte.ec.gc.ca.

Test operations
Each fuel was tested as follows:
1. Before testing any given type of fuel, the fuel feed was emptied 

and fuel filter purged of fuel from the preceding test.
2. The new fuel was then supplied to the engine fuel feed system.
3. The engine was started and warmed up following standard 

procedures.  
4. Once the engine reached a stable temperature, the torque curve

was measured.
5. Tests were then conducted in the following order:

a. An initial ISO 8178-4 E5 test
b. Engine stopped for 20 minutes
c. Another ISO 8178-4 E5 test (hot start since the engine was warm),

followed by another 20-minute stop
d. Three further ISO 8178-4 E5 tests

The process was repeated for each fuel. Each test was repeated three
times to determine test repeatability and to run an ANOVA analysis of 
the variance between the test results for two fuels. Some tests were
rerun due to abnormal deviations. The reference fuel was tested at 
the beginning and end of the series. At least three tests were rerun 
to check for instrument drift or gradual changes in engine behaviour. 

2) FIELD TESTS
Before and after the switchover to biodiesel, the ETC used a mobile 
sampling unit to collect diesel engine output emissions in the field 
from four boats used in the BioMer project (one per cruise company).
CO, CO2, NOX, PM and PM2.5 emissions were measured under normal
boat operating conditions and along a course typical or identical to that
followed during tourist cruises.   

Test procedure by boat

Bateau-Mouche (Old Port of Montréal)
Propulsion engine and generator
Emissions measured:  CO, CO2, NOX, PM, PM2.5
• Used flow meter to measure fuel consumption in L/h.
• Installed sampling probe at exhaust gas collector output just before

water injected to cool gases. Continuously drew off some gas and
measured emissions over a six-minute period. Repeated such 
sampling five to seven times. Averaged all samples.

The Saute-moutons (Lachine Rapid Tours)
Propulsion engine
Emissions measured: CO, CO2, NOX
• Used fuel flow provided by electronic engine monitor.
• Installed sampling probe at exhaust gas collector output just 

before water injected to cool gases. Continuously drew off gas 
and measured emissions for the three operating modes (1,225 rpm,
1,660 rpm and 2,000 rpm). For each mode, averaged five to seven 
samples each lasting five to six minutes. 

• Computed the weighted average for the three operating modes.

Éclusier (Lachine Canal Cruise)
Propulsion engine
Emissions measured: CO, CO2, NOX
• Impossible to measure true fuel flow.
• Installed sampling probe at exhaust gas collector output just 

before water injected to cool gases. Continuously drew off gas and
measured emissions for two operating modes (550 rpm and 900 rpm).
For each mode, averaged five to seven samples each lasting five 
to six minutes.

Cavalier Maxim (Croisières AML)
Propulsion engine and generator
Emissions measured: CO, CO2, NOX, PM, PM2.5
• Used flow meter to measure fuel consumption in L/h.
• Installed sampling probe at exhaust gas collector output just before

water injected to cool gases. Continuously drew off some gas 
and measured emissions over a six-minute period. Repeated such
sampling five to seven times. Averaged all samples. Note that only 
initial, early project measurements were made with this boat running
petrodiesel. The Cavalier Maxim had stopped using biodiesel 
when subsequent measurements were made later in the season.

Mode 1 2 3 4 5

Speed (%) 100 91 80 63 Idle
Power (%) 100 75 50 25 0
Weight in Average (%) 8 13 17 32 30

ISO 8178-4 E5 Test Cycle

Mode 1 2 3 4 5

Speed (rpm) 2,300 2,093 1,840 1,449 700
Power (hp) 525 450 300 150 0

Engine Operating Modes*

* N.B. The load in mode 1 had to be reduced by 12% from 100% to 88% of maximum power to avoid 
engine overheating.

Test methods follow the recommendations below:
Light Hydrocarbons and Methane ERMD 4.3 / 1.3 / M
Particle Characterization ELPI
Polycyclic Aromatic Hydrocarbons (PAHs) DAQA 3.3 / 4.0 / M
Sulphates DAQA 6.5 / 0 / 0 / M. Procedure 3
Elemental and Organic Carbon NRCan SOP-T-206. Version 6
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Notes for emission tables

grams/minute (g/min) or milligrams/minute (mg/min)
Emissions are expressed in g/min or mg/min since the test cycle 
for marine diesel engines accounts for idling emissions. Since no load
is applied to the engine while idling, emissions cannot be expressed 
in g/hp or mg/hp.  

tons/year(1)

To roughly gauge total emissions from the entire BioMer fleet, data 
for the Caterpillar engine was applied to all boats. This total reflects
the annual impact of using B100. It was calculated by multiplying test
results in g/min or mg/min by the cumulative operating hours for all
boats over one year (18,600 hours). This data is given for information
purposes only.

tons/year(2)

To roughly gauge total emissions from the entire BioMer fleet, data 
for the Caterpillar engine was applied to all boats. This total reflects
the annual impact of using B100. It was calculated by multiplying test
results in g/L or mg/L by total annual fuel consumption for all boats
over one year (600,000 litres). This data is given for information 
purposes only. 
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Impact of biodiesel blend
• Pure biodiesel (B100) results in the most spectacular drop (over 80%) 

in PM emissions though even a blend as weak as B5 leads to a major drop 
(23%) compared to reference petrodiesel.

Impact of engine operating mode
• There is a major reduction in PM emissions for all engine operating modes 

except idling (mode 5), for which biodiesel has no significant effect. 

Field vs. lab results
• The reduction in PM emissions was more pronounced at the test facility 

than aboard the single boat used for such testing. In both instances, however, 
the tendency is the same.

Other findings
• If Montréal cruise companies had used B100 throughout the tourist season, they

would have reduced by nearly 0.45 tons the 0.55 tons of PM they emit annually 
(calculation based on total fuel consumption).

Total Particulate Matter (PM) Emissions

Reference Petrodiesel 0.620 40.49 0.919
B5 0.475 -0.145 -23.4% 99.4 Yes -0.16 39.74 0.717 -0.202 -22.0% -0.12
B20 0.403 -0.218 -35.1% 99.9 Yes -0.24 40.16 0.601 -0.318 -34.6% -0.19
B100 0.114 -0.506 -81.6% 100.0 Yes -0.56 41.83 0.164 -0.755 -82.2% -0.45

BioMer Fleet

Time Operated hours/year 18,600
Fuel Consumed litres/year 600,000
Overall PM Released tons/year 0.551

Cat 3176C Engine with Electronic Fuel Injection

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Weighted Average Bateau-
Mouche

g/min % g/min % g/min % g/min % g/min % g/min % (B20) (B100)

Reference Petrodiesel 1.928 1.454 0.904 0.349 0.038 0.620
B5 1.571 -18.5% 1.044 -28.2% 0.664 -26.5% 0.277 -20.6% 0.040 5.3% 0.475 -23.4%
B20 1.201 -37.7% 1.012 -30.4% 0.632 -30.1% 0.230 -34.1% 0.037 -2.6% 0.420 -32.3% N/A
B100 0.385 -80.0% 0.239 -83.6% 0.163 -82.0% 0.039 -88.8% 0.041 7.9% 0.114 -81.6% -32.3%

Breakdown by Engine Operating Mode

Field Tests

Cat 3176C Engine with Electronic Fuel Injection

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Total Particulate Matter (PM) Emissions 
g/min

g/min

Reference Petrodiesel

B5

B20

B100

-100% -80% -60% -40% -20% 0% 20%

Reduction in  Total Particulate Matter (PM) Emissions 
Compared to Reference Petrodiesel

B5
B20
B100

Saute-
moutons

Raw Test    Compared with Reference Petrodiesel Compared with Reference Petrodiesel
Data Consumption Combined

Data
Test g/min g/min % ANOVA Significant tons/year(1) L/h g/L g/L % tons/year(2)

Breakdown by Cat 3176C Engine Operating Mode

Mode 1: 2300 rpm – 525 hp

Mode 2: 2093 rpm – 450 hp

Mode 3: 1840 rpm – 300 hp

Mode 4: 1449 rpm – 150 hp

Mode 5: 700 rpm – No load

Weighted Average
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Reference Petrodiesel 12.055 40.49 17.865
B5 10.366 -1.689 -14.0% 99.7 Yes -1.89 39.74 15.651 -2.214 -12.4% -1.33
B20 9.984 -2.071 -17.2% 100.0 Yes -2.31 40.16 14.916 -2.949 -16.5% -1.77
B100 7.783 -4.272 -35.4% 100.0 Yes -4.77 41.83 10.993 -6.873 -38.5% -4.12

BioMer Fleet

Time Operated hours/year 18,600
Fuel Consumed litres/year 600,000
Overall CO Released tons/year 10.719

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0

Carbon Monoxide (CO) Emissions
g/min

Carbon Monoxide (CO) Emissions

Cat 3176C Engine with Electronic Fuel Injection

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Weighted Average Bateau-
Mouche

g/min % g/min % g/min % g/min % g/min % g/min % (B20) (B100)

Reference Petrodiesel 23.081 25.720 24.821 8.002 0.282 12.055
B5 19.826 -14.1% 23.560 -8.4% 21.750 -12.4% 6.007 -24.9% 0.326 15.6% 10.366 -14.0%
B20 19.499 -15.5% 23.525 -8.5% 20.737 -16.5% 5.482 -31.5% 0.287 1.8% 9.984 -17.2% -23.6%
B100 11.833 -48.7% 20.242 -21.3% 17.434 -29.8% 3.601 -55.0% 0.295 4.6% 7.783 -35.4% -52.5%

Breakdown by Engine Operating Mode

g/min

Impact of biodiesel blend
• The reduction in CO emissions is not proportionate to biodiesel concentration. 

There is an absolute reduction for all blends but the relationship is non-linear.
Biodiesel thus has a measurable impact on such emissions even when B5 is used.

Impact of engine operating mode
• There is a major reduction in CO emissions for all engine operating modes except

idling (mode 5), for which there is a slight increase. This is because the lower engine 
temperature when idling leads to poorer fuel combustion and thus more CO.

Field vs. lab results
• The reduction in CO emissions was greater for tests aboard the boats than 

at the test facility. In both instances, however, the reduction was of the same 
order of magnitude.

Other findings
• If Montréal cruise companies had used B100 throughout the tourist season, they

would have reduced by nearly 4.1 tons the 10.72 tons of CO they emit annually 
(calculation based on total fuel consumption).

Field Tests

Reference Petrodiesel

B5

B20

B100

-60% -45% -30% -15% 0% 15%

Reduction in Carbon Monoxide (CO) Emissions 
Compared to Reference Petrodiesel 

Cat 3176C Engine with Electronic Fuel Injection

B5
B20
B100

Saute-
moutons

Raw Test    Compared with Reference Petrodiesel Compared with Reference Petrodiesel
Data Consumption Combined

Data
Test g/min g/min % ANOVA Significant tons/year(1) L/h g/L g/L % tons/year(2)

Breakdown by Cat 3176C Engine Operating Mode

Mode 1: 2300 rpm – 525 hp

Mode 2: 2093 rpm – 450 hp

Mode 3: 1840 rpm – 300 hp

Mode 4: 1449 rpm – 150 hp

Mode 5: 700 rpm – No load

Weighted Average
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Impact of biodiesel blend
• THC emissions are fairly low for diesel engines, however as expected the total

hydrocarbons were lowered with the use of biodiesel at the B5 and B100 level, 
while B20 was similar to the baseline result. The B5 and B20 changes were not 
statistically significant.

Impact of engine operating mode
• THC emissions are reduced for all engine operating modes, though most at lower

engine speeds.

Field vs. lab results
• There are no findings to report since THC emissions were not measured 

in the field.

Other findings
• If Montréal cruise companies had used B100 throughout the tourist season, they

would have reduced by nearly 0.07 tons the 0.18 tons of THC they emit annually
(calculation based on total fuel consumption).

Total Hydrocarbon (THC) Emissions

Reference Petrodiesel 0.198 40.49 0.293
B5 0.161 -0.037 -18.7% 85.1 No -0.04 39.74 0.243 -0.050 -17.1% -0.030
B20 0.206 -0.008 4.0% 88.4 No 0.01 40.16 0.308 0.015 5.1% -0.009
B100 0.124 -0.074 -37.4% 100.0 Yes -0.08 41.83 0.178 -0.115 -39.2% -0.069

BioMer Fleet

Time Operated hours/year 18,600
Fuel Consumed litres/year 600,000
Overall THC Released tons/year 0.176

Cat 3176C Engine with Electronic Fuel Injection

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Weighted Average Bateau-
Mouche

g/min % g/min % g/min % g/min % g/min % g/min % (B20) (B100)

Reference Petrodiesel 0.371 0.232 0.233 0.207 0.107 0.198
B5 0.381 2.7% 0.164 -29.3% 0.209 -10.3% 0.179 -13.5% 0.053 -50.5% 0.161 -18.7%
B20 0.433 16.7% 0.207 -10.8% 0.230 -1.3% 0.238 15.0% 0.096 -10.3% 0.206 4.0% N/A
B100 0.403 8.6% 0.178 -23.3% 0.122 -47.6% 0.128 -38.2% 0.022 -79.4% 0.124 -37.4% N/A

Breakdown by Engine Operating Mode

Field Tests

Cat 3176C Engine with Electronic Fuel Injection

0.0 0.05 0.10 0.15 0.20 0.25

Total Hydrocarbon (THC) Emissions
g/min

g/min

Reference Petrodiesel

B5

B20

B100

-100% -80% -60% -40% -20% 0% 20% 40%

Reduction in Total Hydrocarbon (THC) Emissions 
Compared to Reference Petrodiesel 

B5
B20
B100

Saute-
moutons

Raw Test    Compared with Reference Petrodiesel Compared with Reference Petrodiesel
Data Consumption Combined

Data
Test g/min g/min % ANOVA Significant tons/year(1) L/h g/L g/L % tons/year(2)

Breakdown by Cat 3176C Engine Operating Mode

Mode 1: 2300 rpm – 525 hp

Mode 2: 2093 rpm – 450 hp

Mode 3: 1840 rpm – 300 hp

Mode 4: 1449 rpm – 150 hp

Mode 5: 700 rpm – No load

Weighted Average
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Impact of biodiesel blend
• The direct linear relationship observed between NOX emissions and biodiesel 

concentration supports existing literature.

Impact of engine operating mode
• Unlike findings for other engine operating modes, idling (mode 5) resulted in lower 

NOX emissions.

Field vs. lab results
• NOX emissions measured both at the ETC test facility and aboard the boats 

were higher, though less so aboard the boats.

Other findings
• Test results for NOX emissions from the BioMer project apparently contradict 

those from the BIOBUS project where animal-fat-based biodiesel, due to its higher
cetane number, resulted in lower NOX emissions. The cooking-oil-based biodiesel
used in the BioMer project is comprised of 25% animal-fat-based esters, which
would normally have helped significantly reduce NOX emissions. This was not the
case. The reason might be that boat engines were not tuned or optimized before
switching over to B100. Taking this precaution might have changed the results.
However, the engines used in the marine project differ substantially from those 
used in urban transit BIOBUS project.

• If Montréal cruise companies had used B100 throughout the tourist season,
they would have increased by 1.18 tons the 17.11 tons of NOX they emit annually

(calculation based on total fuel consumption).

Nitrogen Oxide (NOx) Emissions 

Reference Petrodiesel 19.245 40.49 28.520
B5 19.338 0.093 0.5% 15.7 No 0.10 39.74 29.197 0.677 2.4% 0.41
B20 20.159 0.914 4.7% 98.8 Yes 1.02 40.16 30.118 1.598 5.6% 0.96
B100 21.259 2.014 10.5% 100.0 Yes 2.25 41.83 30.492 1.972 6.9% 1.18

BioMer Fleet

Time Operated hours/year 18,600
Fuel Consumed litres/year 600,000
Overall NOx Released tons/year 17.112

Cat 3176C Engine with Electronic Fuel Injection

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Weighted Average Bateau-
Mouche

g/min % g/min % g/min % g/min % g/min % g/min % (B20) (B100)

Reference Petrodiesel 40.559 38.950 28.568 17.752 1.332 19.245
B5 43.162 6.4% 41.159 5.7% 29.198 2.2% 17.285 -2.6% 1.279 -4.0% 19.682 2.3%
B20 44.157 8.9% 41.424 6.4% 29.226 2.3% 18.381 3.5% 1.303 -2.2% 20.159 4.7% 2.6%
B100 44.132 8.8% 42.894 10.1% 31.615 10.7% 20.019 -12.8% 1.239 -7.0% 21.259 10.5% 9.3%

Breakdown by Engine Operating Mode

Field Tests

Cat 3176C Engine with Electronic Fuel Injection

18.0 18.5 19.0 19.5 20.0 20.5 21.0 21.5

Nitrogen Oxide (NOx) Emissions  
g/min

g/min

Reference Petrodiesel

B5

B20

B100

-10% -5% 0% 5% 10% 15%

Reduction in Nitrogen Oxide (NOx) Emissions 
Compared to Reference Petrodiesel

B5
B20
B100

Saute-
moutons

Raw Test    Compared with Reference Petrodiesel Compared with Reference Petrodiesel
Data Consumption Combined

Data
Test g/min g/min % ANOVA Significant tons/year(1) L/h g/L g/L % tons/year(2)

Breakdown by Cat 3176C Engine Operating Mode

Mode 1: 2300 rpm – 525 hp

Mode 2: 2093 rpm – 450 hp

Mode 3: 1840 rpm – 300 hp

Mode 4: 1449 rpm – 150 hp

Mode 5: 700 rpm – No load

Weighted Average

Appendices44 Project – Final Report



Project – Final Report 45Appendices

Impact of biodiesel blend
• Pure biodiesel (B100) results in the most spectacular drop (over 95 %) in SO2 emissions

though even a blend as weak as B5 leads to a drop (9 %) compared to reference
petrodiesel.

Impact of engine operating mode
• There are no findings to report since detailed measurements of these emissions

were not made for each engine operating mode.

Field vs. lab results
• There are no findings to report since these emissions were not measured 

in the field.

Other findings
• Engine sulphur oxides emissions are composed of 90% SO2 and 10% SO4. Over

time, the SO2 changes to SO4. Sulphates are a factor in acid rain and can cause
violent attacks of asthma and bronchitis. Biodiesel helps reduce these harmful 
sulphate emissions.

• If Montréal cruise companies had used B100 throughout the tourist season, 
they would have reduced by nearly 0.37 tons the 0.39 tons of SO2 they emit 
annually (calculation based on total fuel consumption).

Sulphur Dioxide (SO2) Emissions

Reference Petrodiesel 0.434 40.49 0.644
B5 0.393 -0.042 -9.6% 98.8 Yes -0.05 39.74 0.593 -0.051 -7.9% -0.03
B20 0.368 -0.071 -16.4% 99.9 Yes -0.08 40.16 0.543 -0.101 -15.7% -0.06 N/A
B100 0.020 -0.414 -95.3% 99.9 Yes -0.46 41.83 0.029 -0.614 -95.5% -0.37 N/A

BioMer Fleet

Time Operated hours/year 18,600
Fuel Consumed litres/year 600,000
Overall SO2 Released tons/year 0.386

Cat 3176C Engine with Electronic Fuel Injection

Cat 3176C Engine with Electronic Fuel Injection

0.0 0.1 0.2 0.3 0.4 0.5

Sulphur Dioxide (SO2) Emissions
g/min

g/min

Reference Petrodiesel

B5

B20

B100

Raw Test    Compared with Reference Petrodiesel Compared with Reference Petrodiesel
Data Consumption Combined

Data
Test g/min g/min % ANOVA Significant tons/year(1) L/h g/L g/L % tons/year(2)

-100% -80% -60% -40% - 20% 0% 20%

Reduction in Sulphur Dioxide (SO2) Emissions 
Compared to Reference Petrodiesel

B5
B20
B100

Breakdown by Cat 3176C Engine Operating Mode

Field Tests

Saute-moutons
(B20)

Bateau-Mouche
(B100)

Mode 1: 2300 rpm – 525 hp N/A

Mode 2: 2093 rpm – 450 hp N/A

Mode 3: 1840 rpm – 300 hp N/A

Mode 4: 1449 rpm – 150 hp N/A

Mode 5: 700 rpm – No load N/A

Weighted Average



Fine Particulate Matter (PM2.5) Emissions

Reference Petrodiesel 0.676 40.49 1.002
B5 0.532 -0.144 -21.3% 98.7 Yes -0.16 39.74 0.804 -0.198 -19.8% -0.12
B20 0.389 -0.287 -42.4% 100.0 Yes -0.32 40.16 0.582 -0.420 -41.9% -0.25 N/A
B100 0.167 -0.509 -75.3% 99.9 Yes -0.57 41.83 0.164 -0.838 -83.6% -0.50 -35.2%

BioMer Fleet

Time Operated hours/year 18,600
Fuel Consumed litres/year 600,000
Overall PM2.5 Released tons/year 0.601

Cat 3176C Engine with Electronic Fuel Injection

Impact of biodiesel blend
• Using biodiesel greatly reduces the PM2.5, the greater portion of total PM, even at 

low concentrations (B5 and B20).

Impact of engine operating mode
• There are no findings to report since detailed measurements of PM2.5 emissions

were not made for each engine operating mode.

Field vs. lab results
• There was a very significant reduction (35.2%) for the Bateau-Mouche.

Other findings
• If Montréal cruise companies had used B100 throughout the tourist season, they

would have reduced by nearly 0.50 tons the 0.60 tons of PM2.5 they emit annually
(calculation based on total fuel consumption).

• Particulates finer than 2.5 µm are closely monitored since they are more likely to
reach the respiratory tract than larger particulates.

Cat 3176C Engine with Electronic Fuel Injection

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Fine Particulate Matter (PM2.5) Emissions
g/min

g/min

Reference Petrodiesel

B5

B20

B100

-80% -60% -40% -20% 0% 20%

Reduction in Fine Particulate Matter (PM2.5) Emissions 
Compared to Reference Petrodiesel

Mode 1: 2300 rpm – 525 hp N/A

Mode 2: 2093 rpm – 450 hp N/A

Mode 3: 1840 rpm – 300 hp N/A

Mode 4: 1449 rpm – 150 hp N/A

Mode 5: 700 rpm – No load N/A

Weighted Average

Breakdown by Cat 3176C Engine Operating Mode

B5
B20
B100

* PM emissions primarily comprise particulates smaller than 2.5-µm. The ratio of PM2.5 to total PM by weight, however, cannot be determined since the test methods used to calculate PM2.5 are not the same as those used for total PM.
This results in the difference between the two values.

Field Tests

Saute-moutons
(B20)

Bateau-Mouche
(B100)

Raw Test    Compared with Reference Petrodiesel Compared with Reference Petrodiesel
Data Consumption Combined

Data
Test g/min* g/min % ANOVA Significant tons/year(1) L/h g/L g/L % tons/year(2)
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Analysis of Fine Particulate Matter (PM2.5)
• The particle count tests is conducted using the ELPI method by which particle are

separated by size and counted as particle per cubic meter. Particles were classified
into 12 size range 0.041, 0.078, 0.128, 0.200, 0.310, 0.492, 0.784, 1.244, 1.955, 3.080, 5.083,
8.122 µm.

• The fact that biodiesel first reduces the mass of larger particulates warrants 
discussion of the results of particle counts based on size.

• Particle size distribution is found to be the same for all fuels, most producing 
emissions with particles up to nearly 0.078 µm in size. The number of particles below 
2 µm was found to decrease. In standard measurement units, the decrease was from
3.15 for reference fuel to 2.46 for B20 and 1.24 for B100.

• Studies were also conducted on the characteristics of particles emitted, including
their soluble organic fraction (SOF), and their breakdown into pure carbon (elemen-
tary carbon) and organic molecules (organic carbon). It is the soluble or organic 
fraction of the particles that is more likely to interact with the body and that is thus 
the more carcinogenic.

• An analysis of SOF in particulate emissions from the marine diesel engine shows that
with biodiesel, the ratio by mass of the organic fraction to the solid carbon fraction
increases. Since PM emissions are significantly lower, however, the mass of 
particulate organic carbon remains the same for all concentrations of biodiesel.

• The tables above summarize test results for elemental vs. organic carbon in 
particulates. The ANOVA analysis of the data clearly shows that the apparent 
slight decrease in mass of the more dangerous organic carbon is not statistically 
significant. The reduction in mass of elemental carbon, however, is significant.

• In conclusion, biodiesel’s contribution to reducing the total mass of particulate 
matter stems primarily from reduced elemental carbon (apparent as sooty 
exhaust fumes). This finding agrees with the fact that biodiesel, low in sulphur, 
reduces total sulphur in the blend and that sulphur is a determining factor 
in the formation of elemental carbon particles.

• It cannot be concluded that there was a reduction in soluble organic fraction
(SOF) or in particulates below 1.5 µm, both thought to be higher health risks. 
It can be stated, that there was no increase in such particulate emissions. 
However, an oxidation catalyst would eliminate a substantial portion of the 
organic fraction of the PM.

Organic Carbon Emissions

Analysis of Fine Particulate Matter (PM2.5)

Compared with Reference Petrodiesel 
Raw Test

Data
Test g/min g/min % ANOVA Significant

Reference Petrodiesel 0.0635
B5 0.0597 -0.0038 -6.0% 64.2 No
B20 0.0590 -0.0045 -7.1% 66.4 No
B100 0.0530 -0.0105 -16.5% 91.8 No

Cat 3176C Engine with Electronic Fuel Injection

Elemental Carbon Emissions
Compared with Reference Petrodiesel 

Raw Test
Data

Test g/min g/min % ANOVA Significant

Reference Petrodiesel 0.4790
B5 0.3767 -0.1023 -21.4% 99.5 Yes
B20 0.2987 -0.1803 -37.6% 99.9 Yes
B100 0.0640 -0.4150 -86.6% 99.9 Yes

Cat 3176C Engine with Electronic Fuel Injection

Total Carbon Emissions
Compared with Reference Petrodiesel 

Raw Test
Data

Test g/min g/min % ANOVA Significant

Reference Petrodiesel 0.5425
B5 0.4364 -0.1061 -19.6% 99.5 Yes
B20 0.3577 -0.1848 -34.1% 99.9 Yes
B100 0.1170 -0.4255 -78.4% 99.9 Yes

Cat 3176C Engine with Electronic Fuel Injection
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Impact of biodiesel blend
• Using biodiesel substantially reduces PAH emissions. It cannot be concluded from

the tests, however, that the impact on PAH emissions is proportional to biodiesel
concentration. B5 results in practically the same reduction as B20.

Impact of engine operating mode
• There are no findings to report since detailed measurements of these emissions 

were not made for each engine operating mode.

Field vs. lab results
• There are no findings to report since these emissions were not measured 

in the field.

Other findings
• PAHs include highly carcinogenic substances. Marine diesel engine PAH 

emissions are considerably lower with biodiesel than with petrodiesel and have 
about the same proportion of volatile organic compounds (VOCs) and carbonyl 
compounds for both fuels.

• If Montréal cruise companies had used B100 throughout the tourist season, 
they would have reduced by nearly 0.0014 tons the 0.0016 tons of PAH they emit
annually (calculation based on total fuel consumption).

Polycyclic Aromatic Hydrocarbon (PAH) Emissions

Reference Petrodiesel 1.800 40.49 2.668
B5 0.993 -0.807 -44.8% N/A N/A -0.0009 39.74 1.450 -1.218 -45.6% -0.0007
B20 0.895 -0.905 -50.3% N/A N/A -0.0010 40.16 1.337 -1.331 -49.9% -0.0008 N/A
B100 0.248 -1.552 -86.2% N/A N/A -0.0017 41.83 0.356 -2.312 -86.7% -0.0014 N/A

BioMer Fleet

Time Operated hours/year 18,600
Fuel Consumed litres/year 600,000
Overall PAH Released tons/year 0.0016

Cat 3176C Engine with Electronic Fuel Injection

0.0 0.5 1.0 1.5 2.0

Polycyclic Aromatic Hydrocarbon (PAH) Emissions
mg/min

mg/min

Reference Petrodiesel

B5

B20

B100

Raw Test    Compared with Reference Petrodiesel Compared with Reference Petrodiesel
Data Consumption Combined

Data
Test mg/min mg/min % ANOVA Significant tons/year(1) L/h mg/L mg/L % tons/year(2)

-100% -80% -60% -40% -20% 0% 20%

Reduction in Polycyclic Aromatic Hydrocarbon (PAH) Emissions 
Compared to Reference Petrodiesel

B5
B20
B100

Mode 1: 2300 rpm – 525 hp N/A

Mode 2: 2093 rpm – 450 hp N/A

Mode 3: 1840 rpm – 300 hp N/A

Mode 4: 1449 rpm – 150 hp N/A

Mode 5: 700 rpm – No load N/A

Weighted Average

Breakdown by Cat 3176C Engine Operating Mode

Field Tests

Saute-moutons
(B20)

Bateau-Mouche
(B100)

Cat 3176C Engine with Electronic Fuel Injection
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Impact of biodiesel blend
• A though slight (1%) reduction in direct engine CO2 emissions is found for all 

concentrations of biodiesel.

Impact of engine operating mode
• For B100, there was a more significant reduction in direct engine CO2 emissions 

when idling (mode 5). Engine operating mode had no other observed impact.

Field vs. lab results
• There are no findings to report from the comparison of direct engine CO2 emissions

measured at the test facility to those aboard the boats.

Other findings
• Variations in direct CO2 emissions are minimal. This is a favourable factor for

biodiesel since these emissions determine the energy balance from the engine’s 
fuel combustion. This shows that variations in fuel consumed per unit work are 
also negligible and that engine energy efficiency is undiminished by introducing
biodiesel.

Note on biodiesel and greenhouse gas (GHG) reduction
• Using biodiesel reduces GHG emissions. The data does not contradict this 

statement since it only applies to direct engine emissions. When an engine burns 
one litre of biodiesel, whose physicochemical properties are very similar to those 
of petrodiesel, no account is taken of the different source of the two fuels. 
Reduction in GHG emissions arises from the fact that biodiesel comes from animal 
or plant biomass with a life cycle of a few years; whereas, petrodiesel is a fossil 
fuel that releases into the atmosphere carbon that has been tied up for hundreds of
millions of years. Biodiesel, unlike petrodiesel, is thus considered a renewable fuel.

• NRCan’s GHGenius model (www.ghgenius.ca) was used to calculate in kilograms 
of CO2 equivalent (CO2eq.) the total impact of running marine diesel engines on
biodiesel based on life cycle analysis and on engine emissions. The results are 
as follows:

– Knowing that one litre of pure biodiesel displaces 0.955 litre of petrodiesel,
one litre of B100 reduces GHGs by 3.05 kg of CO2eq. based on life cycle 
analysis. This value is 2.52 kg of CO2eq. based on engine emissions.

– Corresponding figures for B20 are 0.73 kg of CO2eq. (life cycle) and 0.60 kg 
of CO2eq. (engine). 

– Figures for B5 are 0.31 kg of CO2eq. (life cycle) and 0.25 kg of CO2eq. (engine).
• The total 116,875 litres of biodiesel consumed during the BioMer project helped

reduce GHG emissions by 356 tons of CO2eq. Had all participating boats run on 
B100 throughout the cruise season (total biodiesel consumption: 600,000 litres),
GHG emissions would have been reduced by about 1,830 tons of CO2eq.

Carbon Dioxide (CO2) Emissions 

Reference Petrodiesel 1,728.03 40.49 2,560.87
B5 1,694.26 -33.77 -2.0% 99.7 Yes -37.69 39.74 2,558.02 -2.85 -0.1% -1.71
B20 1,698.68 -29.35 -1.7% 88.3 No -32.76 40.16 2,537.87 -23.00 -0.9% -13.80
B100 1,710.92 -17.11 -1.0% 97.6 Yes -19.10 41.83 2,453.99 -106.88 -4.2% -64.13

BioMer Fleet

Time Operated hours/year 18,600
Fuel Consumed litres/year 600,000
Overall CO2 Released tons/year 1,536.52

Cat 3176C Engine with Electronic Fuel Injection

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Weighted Average Bateau-
Mouche

g/min % g/min % g/min % g/min % g/min % g/min % (B20) (B100)

Reference Petrodiesel 4,519.80 3,801.98 2,467.18 1,360.28 58.25 1,728.03
B5 4,442.39 -1.7% 3,727.55 -2.0% 2,415.60 -2.1% 1,334.30 -1.9% 55.55 -4.6% 1,694.26 -2.0%
B20 4,450.55 -1.5% 3,731.41 -1.9% 2,428.71 -1.6% 1,336.04 -1.8% 57.14 -1.9% 1,698.68 -1.7% 0.0%
B100 4,499.02 -0.5% 3,787.36 -0.4% 2,445.93 -0.9% 1,333.01 -2.0% 54.24 -6.9% 1,710.92 -1.0% 0.1%

Breakdown by Engine Operating Mode

Field Tests

Cat 3176C Engine with Electronic Fuel Injection

1,670.0 1,680.0 1,690.0 1,700.0 1,710.0 1,720.0 1,730.0 1,740.0

Carbon Dioxide (CO2)  Emissions 
g/min

g/min

Reference Petrodiesel

B5

B20

B100

-8% -6% -4% -2% 0% 2%

Reduction in Carbon Dioxide (CO2) Emissions 
Compared to Reference Petrodiesel 

B5
B20
B100

Saute-
moutons

Raw Test    Compared with Reference Petrodiesel Compared with Reference Petrodiesel
Data Consumption Combined

Data
Test g/min g/min % ANOVA Significant tons/year(1) L/h g/L g/L % tons/year(2)

Breakdown by Cat 3176C Engine Operating Mode

Mode 1: 2300 rpm – 525 hp

Mode 2: 2093 rpm – 450 hp

Mode 3: 1840 rpm – 300 hp

Mode 4: 1449 rpm – 150 hp

Mode 5: 700 rpm – No load

Weighted Average



Methodology Test/Assay Description Compounds Concentration

Analytical Chemistry Gas Chromatography  Identification and quantification of fatty acid methyl esters (FAME) in biodiesel and petroleum  Petrodiesel
(FID and mass  hydrocarbons in petrodiesel B20
spectrometry) B100

Ecotoxicology Microtox (Toxicity) Inhibition of bioluminescence of the bacterium Vibrio fischeri Petrodiesel 500 mg/L
B100

Algae (Toxicity) Inhibition of the growth of the alga Selenastrum capricornutum Petrodiesel 1- 3,200 mg/L
B100

SOS-Chromotest Induction of the enzyme system repairing DNA of the bacterium Escherichia coli Petrodiesel 10-1,000 mg/L
(Genotoxicity) B100

Chemical and Ecotoxicological Characterization of Biodiesel and Petrodiesel

Methodology Test/Assay Description* Compounds Concentration

Biodegradation Respirometry Continuous monitoring of O2 consumption by St. Lawrence River microflora

Analytical Chemistry Monitoring of the residual concentration of C10-C50 compounds

Microbiology Counting bacteria that break down biodiesel compounds or petroleum hydrocarbons 
(hydrocarbonoclastic bacteria)

Ecotoxicology Microtox (Toxicity) Inhibition of bioluminescence of the bacteriumVibrio fischeri Petrodiesel 500 mg/L
B100

Algae (Toxicity) Inhibition of the growth of the alga Selenastrum capricornutum B20 500 mg/L
B100

SOS-Chromotest Induction of the enzyme system repairing DNA of the bacterium Escherichia coli Petrodiesel 500 mg/L
(Genotoxicity) B100

Biodegradation and Ecotoxicological Aspects of Biodiesel and Petrodiesel

5. Biodiesel Biodegradation and Toxicity Testing 

METHODOLOGY

Chemical and Ecotoxicological Characterization of Biodiesel and Petrodiesel
As part of the BioMer project, the Biotechnology Research Institute (BRI) conducted
a series of tests to assess the biodegradability and toxicity of biodiesel. On June 29,
2004, testers received a sample of low-sulphur (500 ppm) #2 petrodiesel tapped
directly from the Ultramar tanker truck and a sample of Rothsay B100 biodiesel. 
The physical, chemical and ecotoxicological characteristics of these samples were
determined. The B20 blend for the study was mixed in the lab from the B100 and
petrodiesel. 

Biodegradation and Potential Toxicity of Biodiesel and Petrodiesel
An initial sampling effort on June 29, 2004 yielded samples of St. Lawrence River
water from three different locations: the Old Port of Montréal off Quai de l’Horloge,
the fast waters near the Concorde Bridge and the Lachine Rapids. These samples are
designated “dock water” (DW), “fast water” (FW) and “rapids water” (RW) in the

microbiological characterization and preliminary tests. Subsequent sampling on 
July 29, 2004 yielded a fourth sample, taken in the “fast water” location and also 
designated (FW). That sample was used for further testing of B20, B100 and
petrodiesel biodegradation and ecotoxicity. Four test conditions were studied: 

1) biotic, aerobic, no added nutrients, time zero (t0)
2) biotic, aerobic, no added nutrients, two months of degradation at 20°C
3) biotic, aerobic, with added nutrients, two months of degradation at 20°C
4) abiotic, aerobic, two months of degradation at  20°C 

Several physical, chemical and microbiological parameters were checked during
testing: pH, ions (anions and cations), respirometry (O2 consumption), total organic
carbon (TOC), C10 to C50 fractions and aerobic heterotrophic bacteria. Only O2
consumption was monitored continuously.  Limited toxicity tests were also done at
the outset of biodegradation testing and after two months (63 days) of incubation. 
The tables below summarize test methods used. 

Petrodiesel
B20
B100

500 mg/L
500 mg/L
90 to 500 mg/L

Assay Standard Method Methodology and Reference

Heterotrophic bacteria # 9215B
on R2A agar
Heterotrophic HC– and   # 9221 modified
FAME–degrading bacteria
pH # 4500 

Anions

Cations

C10-C50 GC/FID and GC/MS

Total organic carbon # 5310 (a)
(TOC)
Respirometry

Inhibition of bacterial EPS 1/RM/24
bioluminescence using 
V. fischeri (Microtox)
Inhibition of algal growth EPS/RM/25
using S. capricornutum
Induction of DNA repair 
enzyme (SOS-Chromotest)

Test Procedures

* Except respirometry, all assays were conducted at the outset (t0) of the biodegradation test and after two months (t63) of degradation at 20°C.

Standard Methods for the Examination of Water and Wastewater, 1995.

Most probable number (MPN) test from Standard Methods (1995) modified by Roy (2000).

Standard Methods for the Examination of Water and Wastewater, 1995.

The 0.45 µm filtered sample was analyzed using a Spectra-Physics SP8100 HPLC with a Waters 430 Conductivity Detector. Samples were injected on a 250x41 mm Hamilton PRP-X100 column.
The mobile phase consisted of a 10% MeOH solution in 7 mM parahydroxybenzoic acid whose pH was adjusted to 8.5 using NaOH.
0.45 µm filtered sample injected on 250x41 mm Hamilton PRP-X200 column with mobile phase 35% MeOH solution in 6 mM nitric acid.

C10-C10 EXTRACTION: To halt biological activity, all samples were acidified using sulphuric acid. NaCl was added to substantially reduce the solubility of hydrocarbons (HC) and fatty acid methyl
esters (FAME) in the aqueous phase. Dichloromethane was added to extract these compounds. The organic extact was dried with anhydrous NaSO then cleansed with 60–200 mesh silica gel.  

C10-C10 ANALYSIS: C10-C10 analysis used an Agilent 6890 gas chromatograph with a flame ionization detector (FID). A 25-µL sample was injected in solvent vent mode on a Supelco SPB-1 
capillary column (15 mm x 530 µm x 0.15 µm) using an automatic sampler. The oven was held at 35°C for 2 minutes then raised at a rate of 30°C/minute to 300°C and kept at that temperature for 
10 minutes. The injector was kept at  10°C for 48 seconds and programmed to rise to 350°C at a rate of 700°C/minute. The carrier gas was helium. The detector was kept at 350°C. Petroleum
hydrocarbons (HC) were quantified using a Restek diesel standard. Fatty acid methyl esters (FAME) were quantified using a standard B100 biodiesel curve.

IDENTIFICATION OF FATTY ACID METHYL ESTERS (FAME): FAME analysis used an Agilent 6890 gas chromatograph coupled to a quadruple mass spectrometer 5973 with electron impact. 
A 1-µL extract was inject in splitless mode on an Agilent HP 5MS capillary column (50 mm x 0.2 mm x 0.33 µm). The column was heated to 80°C for 84 seconds then raised first to 136°C at a rate 
of 64°C/minute, then to 290°C at a rate of 2.5°C/minute and held there for 1 minute. The carrier gas was helium at an average rate of 33 cm/s. The injector was held at 250°C and the detector
interface at 300°C.  Mass spectrometry data was collected  in sweep mode between 45 and 500 daltons with the background noise threshold set to 250. 

Standard Methods for the Examination of Water and Wastewater, 1995.

O2 consumption at 20°C in 1 L reactors was continuously measured over 2 months using a manometric respirometer. Each of the 6 reactors contained 500 ml of St. Lawrence River fast  water
(FW). A nutrient solution was or was not added to the water microflora as well as a known quantity of biodiesel or petrodiesel. One of the six reactors was autoclaved to kill the microflora 
as a negative control. Each reactor contained a CO2 trap consisting of a paper filter (~5 cm) on a glass tube containing a concentrated (30%) KOH solution.

Environment Canada. 1992.

Environment Canada. 1992. 

Environment Canada. 1997. 
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B100 0 42 10 0.4 4 10% 1 0.2
Petrodiesel 5 0 0 0.0 0 – 0 0.0

B100 + N 161 575 135 4.9 491 85% 115 28.8
B20 + N 92 518 122 4.4 252 49% 59 14.8
Petrodiesel + N 125 488 115 4.2 200 41% 47 11.7

Findings:

Physical, chemical and microbiological characteristics of St. Lawrence River water
• About 30% of heterotrophic bacteria in the microflora are able to degrade biodiesel

compared to only 5% able to degrade petrodiesel.
• There are thus roughly 6 times more biodiesel degraders than petrodiesel degraders

in the river where samples were taken.

Physicochemical characteristics of B100
• The biodiesel used is a mix of methyl esters comprised of about six fatty acids

(FAME), primarily oleic acid (63%). 
• It is composed of about 75% vegetable oil and 25% animal fat.

Biodegradation testing of biodiesel and petrodiesel
• The efficiency (%) and rate (mg/L per day) of microflora degradation of B20, B100 

and petrodiesel depended on whether nutrients were added. 
• Under the best lab culturing conditions (with nutrients), B100 biodegradation was 

2.5 times better than petrodiesel: 85% degraded in only 8 days at 20°C compared to
41% for petrodiesel based on respirometry data. 

• Follow-up analytical chemistry tests showed that, without certain nutrients, biodiesel
and petrodiesel degraders in river water break down the remaining concentration 
of both fuels, but at very low rates. 

• Adding nutrients showed the real biodegradation potential of these degraders. The
average biodegradation rate then rose to 4.3 mg/L per day at 20°C, about 10 times 
the rate without nutrients. 

Rate of B20, B100 and Reference Petrodiesel Biodegradation 
Based on Respirometry

t0 to t8 Days
O2 eq. HC or FAME

Biodegraded

per 500 ml
mg eq. O2

Ratio
t8/t60

%

O2 Uptake

per 500 ml
mg O2

Mean
Biodegradation Rate

per litre
mg O2eq./L per day

t0 to t60 Days
O2 eq. HC or FAME

Biodegraded

per 500 ml
mg O2 eq. 

HC or FAME
Biodegraded*

per 500 ml
mg

O2 Uptake

per 500 ml**
mg O2

Mean
Biodegradation Rate

per litre
mg O2eq./L per day

* * Using C10-C50 analysis without the abiotic component (see table below).
**  Actual volume of water used in the tests.

Test Results for B20, B100 and Reference Petrodiesel Biodegradation 
by St. Lawrence River Microflora at 20°C

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%) (%) (mg/L)/day (mg/L)/day

June 29, 2004
Rapids Water (RW) B100 abiotic – 90 70 20 22% 0.31

biotic – 41 49 55% 0.77
biotic + N + 13 77 85% 1.20

Dock Water (DW) B100 abiotic – 90 69 19 21% 0.29
biotic – 49 41 46% 0.64

biotic + N + 20 70 78% 1.10
Fast Water (FW) B100 abiotic – 90  66 20 22% 0.31

biotic – 25 65 72% 1.02
biotic + N + 16 74 82% 1.15

July 29. 2004
Fast Water (FW) Petrodiesel abiotic – 468  319 149 32% 2.37 

biotic – 310 158 34% 2.51 
biotic + N + 70  398 85% 6.32

B20 abiotic – 337  88  250 53 87 35 26% 40% 1.38 0.56
biotic – 215 50 122 38 36% 43% 1.94 0.60

biotic + N + 120 0 217 88 64% 100% 3.44 1.40
B100 abiotic – 449 321 128 29% 2.03

biotic – 370 79 18% 1.25
biotic + N + 0 449 100% 7.13

Mean Efficiency in 
HC and FAME Removal

Mean HC and FAME
Removal

Initial and Residual Concentrations 
of Petrodiesel (P) and Biodiesel (B)

Sampling Date 
and Location

Mean Rate of HC and
FAME Removal

Condition

P B P B P B P B P B

Nutrients
Added

(N, P, K)

t63 (63 days)t0 (0 days)

Note:  Mean HC and FAME removal efficiency (%) and rate (mg/L per day) under each
of the conditions studied were calculated based on the initial concentration
and a 63-day incubation period.

HC: Petroleum Hydrocarbons (petrodiesel)
FAME: Fatty Acid Methyl Ester (biodiesel)

Abiotic: Control with no organisms
Biotic: Test of B and P biodegradation 

by St. Lawrence River microflora
Biotic + N: Test with biostimulation of St. Lawrence River 

microflora by adding nutrients

Reference petrodiesel compounds

Biodiesel compounds

P

B

0% 20% 40% 60% 80% 100%

Overall Effectiveness in Treating B20, B100 and Petrodiesel 
after Incubating 2 Months at 20°C

Petrodiesel
Biodiesel

Petrodiesel Biotic

Biotic + N

B20 Biotic

Biotic + N

B100 Biotic

Biotic + N

With St. Lawrence Rapids (RW) Microflora



Preliminary ecotoxicological characterization of B100 and petrodiesel
The fuels were subjected to three toxicity tests as part of the BioMer project. 
The results are summarized below.  
• Biodiesel and petrodiesel both have high potential toxicity for the bacterium V. fischeri

but biodiesel not as high as petrodiesel (Microtox test).  
• Depending on its concentration, biodiesel may either inhibit or stimulate growth of 

S. capricornutum (algae test). 
• Biodiesel and petrodiesel are both potentially genotoxic at the same concentration

(SOS Chromotest).

Findings:
• Both biodiesel and petrodiesel are potentially genotoxic. Metabolic activation 

(+S9) reduces petrodiesel toxicity but increases that of biodiesel up to a level 
comparable to the preactivation value for petrodiesel (SOS-Chromotest). 

• Since there were only three tests on a single sample of each fuel, no general 
conclusion may be drawn regarding the relative toxicity of biodiesel. 

Potential toxicity of B100 and petrodiesel after two months of biodegradation
Three tests were run to measure the ecotoxicological effects of biodiesel and petrodiesel
after two months of biodegradation. The results are summarized below. 
• Degradation reduces the toxicity of biodiesel and petrodiesel for the bacterium 

V. fischeri (Microtox test).  
• Growth inhibition testing on the alga S. capricornutum shows that biodegradation 

raises biodiesel toxicity while petrodiesel toxicity remains low. 
• Biodegradation of biodiesel induces certain genotoxic effects (SOS-Chromotest 

without S9), which is not the case for petrodiesel. 

Findings:
• Test results suggest that a number of toxic and genotoxic effects can be associated

with biodiesel after its biodegradation. 
• Since there were only three tests on a single sample of each fuel, however, 

no general conclusion may be drawn regarding the relative toxicity of biodiesel. 

Product NOEL LOEL TEL IC50
(mg/L) (mg/L) (mg/L) (mg/L)

Bioluminescence with Bacterium V. fischeri (Microtox) Biodiesel1 1.75 3.45 63.3
(53.8–75.2)3

Petrodiesel2 0.09 0.45 25.4
(20.2–31.7)

Growth of Alga S. capricornutum Biodiesel 320 1,000 883.5
(120.7–1,280.8)

Petrodiesel 3,200 > 3,200 > 3,200

SOS-Chromotest Biodiesel 500 > 500 > 500
Petrodiesel 50 500 158

Biodiesel 50 500 158
Petrodiesel 500 > 500 > 500

Toxicity of Biodiesel and Reference Petrodiesel (Original Fuel)

-S9: Without Metabolic Activation
+S9: With Metabolic Activation
NOEL: No-Observed-Effect Level
LOEL: Lowest-Observed-Effect Level
TEL: Threshold Effect Level
IC50: Concentration of the product studied that inhibits 50% of the measured response

1 Result from tests at t=0 with an initial biodiesel solution of 449 mg/L.
2 Result from tests at t=0 with an initial petrodiesel solution of 468 mg/L.
3 95% confidence interval.
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Cruising forward on biodiesel… 
So simple! So green!



L’Éclusier est amarré au
quai du marché Atwater,
sur le canal de Lachine.

L’Éclusier tied up 
to the Lachine Canal’s
Atwater Market Dock.

Croisières AML

Le Transit
Capacité : 14
Biodiésel utilisé : B1

Capacity: 14
Biodiesel used: B1

Croisière canal de Lachine

L’Éclusier
Capacité : 49 passagers
Biodiésel utilisé : B100

Capacity: 49 passengers
Biodiesel used: B100

Croisières AML

Le Cavalier Maxi
Capacité : 75
Biodiésel utilisé : B5

Capacity: 75
Biodiesel used: B5

Projet appuyé par l’Association du biodiésel du Canada
Project supported by the Biodiesel Association of Canada

Reproduction du panneau explicatif 
installé sur le site du Vieux-Port 
de Montréal durant tout le projet BioMer.

Reproduction of an interpretive panel 
standing on the Old Port of Montréal 
site for the duration of the BioMer project.

Le projet
Le projet BioMer vise à démontrer
la viabilité du biodiésel – un carburant 
renouvelable produit à partir d’huiles de friture
recyclées – pour alimenter différents types de
bateaux de croisière de gabarits divers.

Les ports d’attache
Les douze bateaux des quatre croisiéristes 
participant au projet mouillent au Vieux-Port 
de Montréal ou au lieu historique national 
du Canal-de-Lachine.

La durée
Comme les bateaux de croisière sont en 
service de la mi-mai à la mi-octobre, le projet 
s’échelonnera sur les 22 semaines de la 
saison touristique.

L’approvisionnement
Il faudra en tout 254000 litres de biocarburant
pour alimenter les bateaux de la flotte, onze au
biodiésel pur (B100) et un à une concentration
de 5 % (B5).

L’impact sur les
changements climatiques
Grâce au biodiésel, il sera possible de réduire
de 593 tonnes les émissions de CO2 des bateaux
de croisière, soit l’équivalent de celles produites
par 276 véhicules parcourant 20000 kilomètres
chacun au cours d’une année.

Pour en savoir plus sur le projet BioMer,
consultez le site www.biomer.ca.

Du biodiésel
pour les bateaux
de croisière…
C’est simple!
C’est vert ! 

Project
The purpose of the BioMer project is to show
that biodiesel – a renewable fuel produced
from recycled cooking oil – can be used to fuel
cruisers of various sizes and types.

Home ports
The four participating cruise companies will 
fuel a total of twelve boats, which tie up at the 
Old Port of Montréal or the Lachine Canal
National Historic Site.

Duration
Since the cruisers operate from mid-May 
to mid-October, the project will run through 
the 22-week tourist season.

Fuel supply
A total of 254,000 litres of biofuel will be required
for the fleet, eleven boats running on pure
biodiesel (B100) and one on a 5% blend (B5).

Impact on climate change
By using biodiesel, the cruisers’ CO2 emissions
will be cut by 593 tons, the quantity produced
by 276 vehicles each driven 20,000 kilometres
for one year.

To learn more about the BioMer project, 
visit the Web site at: www.biomer.ca

Cruising forward 
on biodiesel...
So simple!  
So green!



48 passagers
100

48 passengers
100

Croisières AML

Le Miss Olympia
Capacité : 90 passagers
Biodiésel utilisé : B100

Capacity: 90 passengers
Biodiesel used: B100

Les Expéditions sur les rapides de
Lachine  (Croisières Saute-moutons) 

Les bateaux Saute-moutons (3)
Capacité : 50 passagers
Biodiésel utilisé : B100

Capacity: 50 passengers
Biodiesel used: B100

Le Bateau-Mouche au Vieux-Port 
de Montréal

Le Bateau-Mouche
Capacité : 184 passagers
Biodiésel utilisé : B100

Capacity: 184 passengers
Biodiesel used: B100

Les Expéditions sur les rapides de
Lachine  (Croisières Saute-moutons)

Les bateaux Jet St-Laurent (3)*
Capacité : 12 passagers
Biodiésel utilisé : B100

Capacity: 12 passengers
Biodiesel used: B100

im
50 passagers
5

50 passengers
5

Du biodiésel pour les bateaux de croisière… 
C’est simple ! C’est vert ! 

*Plus un bateau de service : le Mouton-Cadet.
Plus one service boat: The Mouton-Cadet


