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Predicting Fuel Economy

Why is predicting boat fuel economy somewhat like predicting the weather, not very
accurate?  The reason, and it's the same with the weather, is the number of variables involved
at any one time is enormous.  Today we live in a computer age where accurate calculation of
huge numbers is simple, but the problem is not one of mathematics, but one of measurement.
We simply can't measure all the variables involved, at least not when it comes our pleasure
boats.

We could quite accurately predict the speed and economy of a boat if we knew -

1. Weight of complete rig, in the water.
2. Where the weight is distributed throughout the hull.
3. Exact shape of the underwater portion of the hull.
4. Surface finish of all underwater parts of the hull.
5. Trim angle of the boat at all speeds.
6. Propeller size and efficiency.
7. Drag of motor's lower unit at all speeds.
8. Weather and water conditions where rig is being used.

It's not a very long list but the number of possible combinations is almost endless, and that's
even when we ignore any reference to air resistance, as this list does.  Some of these items
can have a big effect, for example items 2, 5 and 7.   These are changeable just by where the
crew sit, how much fuel is left in the tank and how the driver pushes the power trim button!

To demonstrate let's use a practical example of several very similar looking boat tests. All are
the same type of hull, very nearly all the same physical size, and all use the same make and
model of motor, the Evinrude 115 HP FICHT , a 1.7 Litre V4 example of the new generation
of direct fuel injection two stroke motors. The basic specifications are shown in figure 1.

Hull Glastron 170
Four Winns 

Horizon QX 17' Javelin 175 SFJavelin 175 SF
Type Open Runabout Open Runabout Open RunaboutOpen Runabout
Length,  ft (m) 17' 1" (5.2 m) 16' 6" (5.0 m) 17'1"  (5.2 m)17'1"  (5.2 m)
Beam,   ft (m) 7' 4"  (2.24 m) 7' 6" (2.29 m) 7'1" (2.16 m)7'1" (2.16 m)
Weight,  lb's (kg) 1830 (830) 2250 (1023) 2100 (955)2100 (955)
Prop Pitch, inches 19 17 17 
Top speed, Knots 41.7 35.2 37.8 
Max. RPM 5600 5600 5800 
Best Planing Economy 1.50 NMPL 1.13 NMPL 1.62 NMPL1.62 NMPL
    at boat speed, knots 19 25 25 
EPA/ICOMIA Cycle US MPG 7.54 7.04 7.17 
EPA/ICOMIA Cycle US GPH 2.66 2.92 2.41 

NMPL = nautical Miles per Litre

US MPG = US Miles per gallon

US MPG = US Gallons per Hour

Figure 1

One of the first places boaters look for a comparison is in top speed.  For boats with very
similar dimensions, these three show a considerable difference in maximum speeds of nearly
7 knots. To gain 7 knots on a 35 knot boat with 115 HP requires an additional  35 or 40 HP,
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so clearly these three rigs all have quite different power requirements.  The lightest boat will
usually be the fastest, and it is here, but fuel consumption is not so predictable.

Fuel consumption is very closely related to the power being used, so there should be some
large differences here too. The graph in figure 2 shows this is the case, especially in the upper
half of the rpm range.

Fuel Consumption Comparison
115 HP FICHT V4's on different hulls
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Figure 2

The chart in figure 2 uses engine rpm as the common reference between all boats, as most
boats will have an accurate tachometer in the dash (because it's essential for determining
correct propeller size) and accurate dash speedometers are hard to come by.  This is fine if
you drive by the tacho and can always carry more fuel than you need, but if your needs are
more determined by the distance you must travel, then fuel efficiency is more important.

Fuel efficiency relates fuel used to distance travelled.  The graph in figure 3 shows these
three rigs compared by Nautical Miles (knots) per Litre (or NMPL).  Again the common
reference between boats is engine rpm to show how the tachometer can be used to drive at the
best speed, but only if know your boat's best economy speed, first.

All three boats have their maximum economy at very low speed. This is because the hulls'
resistance through the water is least, at very low speeds, however few pleasure boat owners
will want to travel at such slow speeds, except in an emergency.  The most efficient planing
speed is therefore what we need to know.

Note how on all three boats the difference between the worst economy and best economy is a
lot.  The worst economy speed on these boats (at 2000 - 2500 rpm) only gives about 50% of
the economy at best speed (at 3500 - 4000 rpm).  Put another way it means you can travel
twice as far, on the same amount of fuel, when operating at best economy speed than you can
at the worst economy speed



IAME25.doc   PWD  20Mar99

Fuel Efficiency Comparison
115 HP FICHT V4's on different hulls
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Figure 3

To use an example imagine your favourite fishing spot is a 10 nautical mile trip.  Using the
average of our three sample boats, if we were to travel at the lowest fuel consumption speed,
1000 rpm and 4 knots, the trip will take 2.5 hours and we'll use about 4 litres of fuel.
Economical but slow.  Not much time left for fishing.

If we travel at best economy speed, say 4000 rpm and 25 knots, the trip will take only 24
minutes and we'll use 7.5 litres of fuel.  Much more time for fishing.

If on the other hand we chose to travel at our worst economy speed of about 2500 rpm and 8
knots, the trip will take 1.25 hours and we'll use 14 litres of fuel.  This is both slow and
expensive. Even travelling at full throttle (WOT), about 35 knots, where the trip would take
17 minutes and use 12 litres of fuel, is better than that.  Figure 4 compares these results.

10 Nautical Mile Trip
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How about fuel economy related to boat speed instead of engine rpm?

The graph in figure 5 shows how the fuel being used, in litres per hour, varies with the boat's
speed, rather than engine rpm as used above.  There are also several "stages" evident from the
curves on the graph.

1. At low speeds, around 5 knots, resistance is lowest and so is fuel consumption.

2. Then there is a steep jump in fuel use between 5 and about 15 knots, caused by the
boat "climbing" onto the plane.  Resistance climbs rapidly during this stage as the hull is
struggling to get on top of the water.

3. From about 15 to 25 knots fuel use is quite stable, the curves are relatively flat
indicating the boat's resistance does not vary a lot in this speed range.  This is where most
boats have their best planing economy.  The hull is now running on top of the water so it's not
pushing so much water aside, and the speed is not yet high enough for the friction of the
water on the hull to be a major drag.

4. Once the speed gets past 25 to 30 knots, the fuel consumption starts to climb steeply.
This because now we are in the region where water friction on the hull gets high. For larger
craft air resistance also starts to get noticeable in this speed range.

Fuel Consumption Vs Boat Speed
115 HP FICHT on different hulls
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Figure 5

Which of these three samples is the best boat? That depends on what you want to do.
Actually, all three are very popular and successful models, just suited to slightly different
roles.  The lightest, and fastest, provides high performance in a small package for people who
want to go relatively fast, on a budget.  The middle performer of this group is very popular as
a social ski rig, and the largest, and slowest, has more creature comforts and handles rougher
water conditions.



IAME25.doc   PWD  20Mar99

If fuel consumption is so unpredictable, are there any guides for consumers, like the "Energy
Stars" rating on electrical goods or the fuel economy figures published for new cars?  Yes
there are, although you may not see them used a lot just yet.  The introduction of emission
regulations for outboard motors in the USA has the seen the development of a test method or
duty cycle as it's called, which has great potential for allowing "apples to apples"
comparisons between similar boats.

What the recreational boating industry required was a standard set of rules for boat and motor
testing that covers the whole speed range and closely relates the time spent at different speeds
to how average recreational boaters use their craft.  Such a standard would then allow fair
"real world" comparison between boats and motors, regardless of who did the testing.

In the late 1980's engineers from several marine companies cooperated to design such a
standard for testing, using over 20 years of data collected from scientific studies on how
people use their boats. The result was published in SAE (Society of Automotive Engineers)
Technical Paper 901596, "Duty Cycle for Marine Recreational Engines".

The proposed standard was adopted by ICOMIA (International Council of Marine Industry
Associations) as standard 36-88, and subsequently by the ISO (International Standards
Organisation) as their standard 8178-4.   The USA EPA (Environment Protection Authority)
has adopted this standard as the method for emission testing marine engines which came into
force with 1998 year model outboard motors.

The new standard, or duty cycle to give it a more accurate name, measures engines at 5
points, or modes, through the operating rpm range and for a different amount of time spent at
each mode.

The 5 modes are -
Mode Engine RPM Time

1 Idle 40%
2 40% of max 25%
3 60% of max 15%
4 80% of max 14%
5 max speed 6%

The load applied during each mode also represents "real world" boats by using a graduated
scale from no load at idle, up to full load at the maximum or rated speed of the engine.  For
engine emissions testing a computerised dynamometer is used to provide the load, for on the
water boat and motor testing the loaded boat provides the load.   The results measured at each
of the 5 modes are then totaled to provide a rating for both fuel used (GPH or LPH) and fuel
efficiency (MPG or NMPL) that is an accurate indicator of fuel efficiency for that rig.

Here's how it's done

For an example of how the ICOMIA standard is used for a boat test , let's use the 17 foot (5.2
m) Glastron runabout with a Evinrude FICHT 115 HP Outboard, from our group of three test
boats.

First the boat is rigged and propped for optimum performance, then fuel consumption and
speed are accurately measured at each of the 5 modes.  Several test runs in different
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directions are averaged for each mode, to remove the effects of wind and tide. The results at
each mode point, for both consumption and efficiency, were -

Mode RPM US GPH US MPG
1 650 0.03 11.4 
2 2200 2.3 3.7 
3 3300 4.3 5.8 
4 4400 5.6 6.5 
5 5600 10.8 4.5 

Then the weighing or time spent at each mode is applied -

Mode RPM US GPH US MPG
Time 

Weight US GPH US MPG
1 650 0.03 11.4 40% 0.012 4.56 
2 2200 2.3 3.7 25% 0.575 0.925 
3 3300 4.3 5.8 15% 0.645 0.87 
4 4400 5.6 6.5 14% 0.784 0.91 
5 5600 10.8 4.5 6% 0.648 0.27 

Totals 2.66 7.54 

The weighted figures at each mode are then totaled to provide the overall fuel consumption
and efficiency figures for this motor and boat combination.

This rig would be advertised as having an ICOMIA Duty Cycle fuel consumption of  2.66 US
GPH (10.1 LPH) and a fuel efficiency of  7.54 US MPG (1.71 NMPL).

The ICOMIA Duty Cycle figures for our three example rigs are shown in figure 1, as
EPA/ICOMIA Cycle MPG or GPH (the US figures are retained as this usually is how we will
see them in the boating press).  You'll see more this type of testing in magazines and in
advertising in the future.

And that's just as well, because as you will have now seen from the above graphs, the only
accurate way to predict fuel consumption or efficiency is by actual on the water testing.


