
Efficient Boats 
 
Efficient Powerboats 
There are three basic things that make powerboats more efficient: 
 

1. Long, slender hulls 
2. Going slower 
3. An efficient propulsion package 

 
http://www.gerrmarine.com/Articles/EfficientPowerboat01.pdf 
 
Building More Efficient Boats 
Weight-reducing technology is finding its way into more mainstream builds. 
Yachting Magazine, Eric Colby, February 28, 2011 
 
A 102-foot catamaran built almost entirely of carbon fiber set out last year to 
circumnavigate the globe using solar power alone. Tûranor PlanetSolar has made its way 
from Monaco to Miami and, at this writing, is already through the Panama Canal and 
well into the Pacific Ocean. 
 
This extreme example shows the efficiency that can be achieved when a designer and 
yard get serious about losing weight. The trend is continuing as yards become better at 
building light and manufacturers develop more lightweight materials. 
“We’ve never been able to build a boat that was too light,” said Michael Peters, president 
of Michael Peters Yacht Design in Sarasota, Florida. “To build a boat that a consumer 
would want, you can’t take enough weight out of it.” 
 
The primary advantage of building lighter boats, whether power or sail, is efficiency. For 
powerboats, less weight means a builder can either make it go faster with the same power 
or make it run the same speeds as a heavier version with smaller engines. It also makes 
the boat more responsive to acceleration and maneuvers, which means it’s more fun to 
drive. 
 
Weight in a boat — or the lack of it — has consequences. Heavier boats need bigger 
motors, larger fuel tanks and a heavier overall structure to support it all. Fuel is estimated 
to make up 15 percent of a boat’s weight. So lighter builds, with smaller engines, require 
less fuel capacity and a less robust internal structure. A side benefit of the lighter boat: 
Engines and fuel tanks take up less space, so there’s more interior space for designers to 
use. 
 
With fuel costs ever climbing, efficiency relates directly to the bottom line as well. “What 
wasn’t an issue back in the ’70s, but is now, is fuel economy,” said Mark Lindsay, 
president of Boston Boat Works, which has been building lightweight hulls since 1975. 
“When fuel went from pennies per gallon to multiple dollars per gallon, it became a 
whole new concern.” 
 



Ask any sailboat racing enthusiast and he or she will tell you that building light boats is 
nothing new. Additionally, many of the materials have been around for decades. Epoxy 
resin has been adopted for its toughness and flexibility over vinylester and polyester 
resins for years. Carbon fiber and Kevlar are popular materials that have been used to add 
stiffness and strength while saving weight. And coring, such as Baltek balsa and closed-
cell foam materials such as Airex, Corecell and Nida-Core, which save weight and add 
strength and stiffness, were once the realm of the cutting edge but now are used much 
more often. Some fiberglass weaves such as S-glass and E-glass are more recent, but the 
bigger breakthroughs have come in construction processes. “Intelligent design and 
processing lead to better boats,” Lindsay said. “Materials are just easier to talk about.” 
 
Peters said that, for many of his designs, a yard would bring in a structural engineer to 
work out the best lamination schedule. Hodgdon Yachts in East Boothbay, Maine, 
worked with an outside advanced-composite engineering company on its last two 
projects, boats for the Navy and for a private owner. 
 
“We learned a great deal about what the concepts are and what goes into making a light 
boat with adequate strength,” said Kevin Houghton, senior structural designer at 
Hodgdon. The company also designed the boats in three-dimensional models from which 
all drawings were extracted, resulting in better-fitting components because of the tighter 
tolerances that were created in the process. 
 
In conventional construction, fiberglass is laid into a mold and resin is brushed on. 
Workers then use rollers to spread out the resin and force the liquid into the fiberglass 
mat. The hull is left to cure in the mold, often with more resin than it needs — excess 
weight. 
 
The three best-known processes for saving weight during lamination are resin infusion, 
resin impregnation and pre-impregnation. All save weight by preventing excess resin. 
They all also use vacuum pressure in the process to force the fiberglass, core and resin 
together for a stronger bond. 
 
The best-known form of resin infusion is Seemann Composites Resin Infusion Molding 
Process (SCRIMP), and many manufacturers licensed it before Seemann’s patent expired. 
Other builders use their own variation of the process. The key is to ensure that the proper 
amount of resin is distributed through the system at the start. Specify too much and you’ll 
end up with a part that’s just as heavy as one rolled by hand. 
 
In wet impregnation, the fiberglass fabric is fed through rollers that squeeze the epoxy 
resin into the material. The wetted fiberglass is then laid into the mold. Once all the 
layers are in place, vacuum pressure ensures that they bond well while removing excess 
resin. The mold is put in a large oven and heated for a specific time to ensure that the 
resin “kicks,” or fully cures. 
 
Another method is pre-impregnation. Because epoxy resins cure at room temperature, the 
rolls of resin-soaked fiberglass must be kept in a cooler and applied in a chilled facility. 



They are rolled into the hull and bonded with vacuum pressure, then cooked to cure the 
resin. 
 
Doug Zurn of Zurn Yacht Designs in Marblehead, Massachusetts, who designed the 
MJM series of motoryachts, said that impregnation supplies the best balance of 
affordability and precision. Added Lindsay, whose Boston Boat Works builds the MJM 
series, “We’ve found over the years that we can achieve the same resin concentrations 
with the wet preg as the pre-preg for a fraction of the cost.” 
 
Beyond the hull and deck, builders can take a great deal of weight out of a boat on the 
interior and in the engine room. Peters estimates that only 50 percent of the overall 
weight is determined by how you build the boat. The rest is in what you install in it. Zurn 
doesn’t use carbon much in hulls, but in superstructures and masts. “We don’t mind a 
little mass in the hulls because you’re dealing with wave impacts, and that dampens 
sounds,” he explained. 
 
In a combined initiative to make boats lighter and greener, many yards are now using 
veneer panels cored with honeycomb aluminum or plastic or even paper. They look like 
the real thing, are environmentally friendly and will last forever. The same can be done 
with stone, said Greg Marshall, president of Greg Marshall Design in Vancouver, British 
Columbia, who uses honeycomb-backed marble in his designs to generate huge weight 
savings. Additionally, honeycomb-cored panels have excellent sound-deadening qualities 
and are all the same width, which facilitates installation. 
 
Just as construction technology has produced weight savings, so have advances in 
propulsion, components and system placement. Pod-drives are lighter than inboards or 
stern-drives and, because they’re more efficient, engines can be smaller. Some designers 
are even looking at using lightweight turbine engines in series. 
 
Marshall estimates that using carbon-fiber propellers produces an 80 percent weight 
savings per wheel over traditional metal props. Plus, carbon-fiber propellers are easier to 
repair because the blades can be taken off individually. 
 
Zurn explained that companies that make galley appliances, air-conditioning systems and 
generators are all competing to make smaller, lighter units, which reduces the overall 
weight of the boat. Even LED televisions contribute to weight savings. 
 
Rigging also helps lighten the load. For example, positioning the generator as close to the 
water intakes as possible reduces the amount of plumbing needed. 
 
Zurn said that owners who take an extra-long look at how they will use the boat could 
help reduce the weight before construction even starts. Owners who are mainly going to 
use the boat for entertaining, as opposed to extended cruising, can go with one or two 
staterooms and save the weight of the third. 
 



With all the positives of going light, there are negatives — mainly cost. Building a 
lightweight vessel out of exotic materials is complicated. “You can take a 25-foot boat 
and build it in a production shop in a day or two,” Peters said. “Build the boat in 
advanced composites, and you’re going to be at it for a month.” Fabricating cored interior 
panels takes more steps and requires additional manpower. Building a light interior can 
also be more costly than constructing a lightweight hull and deck. 
 
Marshall said that, in some cases, changing people’s perceptions of lightweight boats can 
be a challenge. “When we build a lightweight boat, we build lightweight cabinets, but we 
keep the doors heavy,” he said. This gives the owner the perception that the boat is built 
for heavy-duty use — they feel more substantial. 
 
In terms of performance, if you build the boat too light, it won’t ride well in rough 
conditions. Lindsay said understanding the design is critical. He explained that Zurn 
understood this from the beginning when developing the MJM line. These boats have a 
different bottom design from that of a traditional Down East hull, because they were 
intended to be light from the start. 
 
Building a boat with exotic materials also means that people who repair them need to 
know their business. Marshall explained that it’s more difficult to make a repair to a door 
cored with honeycomb aluminum than to a solid-wood door. Lindsay said that there are 
enough skilled technicians worldwide that it’s not an issue. “We have boats all over the 
world,” he said. “There’s a network of people who know each other.” 
 
In the growing world of lightweight yachts, the pros far outweigh the cons. Efficiency, 
fuel economy and the wow factor of performance mean that weight loss is here to stay. 
 
http://www.yachtingmagazine.com/building-more-efficient-boats 
 
 
 



Efficiency of Powerboat Hulls 
Displacement Single Hull 
These boats have a top speed of about 10½  knots, are very efficient up to that speed, and 
are seen as very traditional. To go 10 knots as a 65’ vessel they might need as little as 120 
hp. Waterline length determines the top speed. The longer the waterline, the faster the top 
speed will be, up to the hull-speed wall of about ten knots. 
 

 
http://www.kadeykrogen.com/design/hull-form-displacement 
 
Planing Single Hull 
This configuration is the only way to get a single hulled craft up above hull speed. The 
top speed is only dependant on power applied. To do 30 knots it would take some 1500 
hp or more depending on weight.  The ride is rough in waves. Below planing speed, they 
are very inefficient. 



 
 
http://bertram31.com/bailey/aerials/ 
 
Planing Catamaran 
The planing cat’s ride is still rough compared to displacement cats, but better than on a 
planing single hull boat. The top speed of these craft again are only dependant on the 
amount of power applied. Oddly, power needed, and efficiency are not much better than 
single hull planing craft, at planing speeds. Below planing speed, they are more efficient 
than single hull boats, but much less efficient than displacement catamarans.  They will 
require some 1500 hp to do 30 knots, depending on weight. 
 

 
http://danmarpowercats.com/tag/catamaran/ 



 
Displacement Catamaran 
The top speed for a 65 displacement cat is about 30 knots. The ride is the best of any of 
the other types in this list. It is significantly better than any of the other design types due 
to the “soft” hull sections and the relatively long waterline length, combined with slender 
hulls.  
 
Fuel efficiency is also the best of any of the types in the list. Again, it is significantly 
better, especially at speeds just down from top speed. And again with displacement hulls, 
waterline length determines the top speed, so longer is better. The power needed to do 30 
knots is about (2) 450 hp or 900 hp.  

 
One live example of a displacement catamaran is the HoloHolo on Kauai. Its 62’ long, 
weighs about 25,000 lbs, has a pair of 440 hp engines and operates in some of the most 
severe waters in the US. When I was on it we were going 28 knots most of the way 
according to my GPS. Both ways. About 40 people were along with us that day. As a 
displacement cat, that speed is not pounding the passengers like a planing cat would. 
 
http://www.multihulldesigns.com/pdf/powercatslt.pdf 
 
 
 



Comparing boats (sail) 
Sailing Magazine, Bob Perry, 2012 May 2 
Length-to Beam ratio (L/B) 
 
L/B is an easy one. I take LOA, length over all, and divide it by maximum beam. You get 
a range of numbers from 2.8, indicating a beamy boat, to 4.00 or more indicating a 
narrow boat. Most of today's series built cruiser-racer types run around 3.2 down to 2.85. 
I consider around 3.25 to be today's "normal." Of course whether the boat has extended 
overhangs or no overhangs at all will have a big effect on this ratio so it's not entirely 
reliable. Overhangs on a 40-foot LOA boat can be as much as 10 feet or as little as 3 feet 
or less. Over the years I have played with ratios for comparing the beam at the transom to 
max beam but again overhang differences aft have such a big effect on a ratio like this 
that I gave up. It probably would be better to calculate L/B using the DWL (design 
waterline) and the BWL (beam at waterline). But I do not always have access to the BWL 
figure. 
 

 
 
http://sailingmagazine.net/article-1218-comparing-boats.html 
 
 
Adastra - The Search for a Seakindly Fuel Efficient Vessel 
By John Shuttleworth - March 2012 
 
Fuel Efficiency 
In recent years there have been a few attempts to find a new solution to achieving low 
fuel consumption in large ocean going yachts. In this article we will look at the design 
considerations and compare performances of some of the types of vessel in commission 
today. We will review aspects of the design of various vessels, not with a view to 
criticizing them, but to show how our thinking has been guided by what has gone before, 
and then to give our ideas and design concepts on how we have taken up the challenge to 
reduce fuel consumption and still retain sea kindliness. Finally we will endeavour to 



demonstrate how successful our solution has been and to explain why the concept has 
worked so well. 
 
Length to Beam Ratio 
Most vessels in the superyacht category cross oceans at about 13 knots. At these 
relatively low speeds it has long been known that a thinner hull will be more efficient. 
This is because frictional drag dominates the resistance of the hull at low speed. In fact 
research conducted by the US Navy many years ago indicated that efficiency would 
continue to improve past length to beam ratios of 13.5. 
 
Currently it appears that the limiting length to beam ratio of a monohull in the 40m range 
is about 7. Increasing the L/B ratio above 7 starts to become problematic for two reasons. 
Firstly the boat will have an increasing tendency to roll uncomfortably at sea and at 
anchor, and secondly in order to meet current safety standards the Vertical Centre of 
Gravity (VCG) will have to be kept low in order to increase the stationary stability to 
required levels. Keeping the VCG low increases the tendency to roll and limits the 
accommodation space. Most monohulls have to have some form of added stabilizer, 
usually using hydraulic fins, gyroscopes, or both. Palmer Johnson have recently 
introduced a new type of stabilization for a monohull with a length to beam ratio of 7. 
They have added small outer hulls aft to increase the righting moment of the hull and 
further reduce rolling. The first vessel is due to launch in a year or so. 
 
Catamarans in this size and accommodation range, on the other hand, have length to 
beam ratios of around 10 which is an improvement on 7 as seen on monohulls, however 
having two hulls in the water increases wetted surface for the same weight carrying 
ability. Thus a catamaran and a monohull of similar length with length to beam ratios of 
10 and 7 respectively have similar fuel efficiency. The catamaran gains by having much 
more accommodation and is inherently very stable. 
 
In the case of a trimaran the center hull has no inherent stability of its own and all the 
stability is created by the outriggers. These vessels can achieve length to beam ratios in 
excess of 17 which has been shown to significantly increase fuel efficiency and has been 
proven by boats like Earthrace and Cable & Wireless which were stripped out record 
breaking machines, and now by the sea trial results of Adastra, which is a fully fitted out 
superyacht, with space for 6 crew and 9 guests. The comparisons in Table 1 and Fig. 1 
show the differences in the length to beam ratios of a number of vessels in the 40m range. 
 
 



 
Shuttleworth Designs "Adastra" 42.5 m - top speed 23.2 knots - 1150 HP 

 



 
 
L/B ratio = WL / B 

 
Where: 
 

WL is the waterline length.  
B is maximum beam at the waterline. 

 
http://www.shuttleworthdesign.com/adastra-article-part1.html 
 
 



Planing Hull Efficiency 
Soundings, 31 July 2009, Eric Sorensen 
 
The overwhelming popularity of the planing hull is a direct result of its pure speed 
potential. 
 
While the displacement hull is limited to the speed of an open-ocean wave of the same 
length, a planing hull has no such restraints. Add power, and you get more speed. 
 
But how much speed you get for the horsepower is the crux of the issue. What impact do 
displacement, trim, deadrise, form and frictional drag, waterline length, and chine beam 
have on speed for the horsepower — in other words, efficiency? To answer that question, 
let’s take a look at how planing hulls work and what makes some more efficient than 
others, starting with the types of resistance the propulsion system has to overcome. 
 
Propulsion and resistance 
Two factors are at work when a planing vessel is in motion: the propulsion power, or 
force, that creates forward motion, and the resistance that opposes it. Independent of hull 
design acumen, a planing boat’s efficiency and optimum speed range is, to a large degree, 
determined by the propulsion system. 
 
For example, a conventional inboard is quite efficient up to 25 knots or so, but since 
resistance increases as the square of hull speed, the running gear (shafts, struts, rudders, 
props), which has a lot of frontal area, starts creating substantial drag above that speed. A 
conventional inboard can achieve speeds of 40 or 50 knots and higher, but as speed 
increases, a greater percentage of the propulsion force is absorbed just driving the 
running gear through the water. 
 
Sterndrives, outboards and pod drives are more streamlined and, therefore, more efficient 
than an inboard at speeds above 25 knots. This efficiency gap widens as speed increases. 
The waterjet is typically most efficient at 25 to 45 knots, while the surface-piercing drive 
is in its element above 35 knots, since the only propulsion equipment below the water is 
the lower half of the propeller, greatly reducing parasitic drag. 
 
In addition to its natural operating range, each propulsion system generates forces and 
moments that affect the hull’s trim in different ways, and this has to be taken into account 
in the hull’s shape and weight distribution. 
 
Working to oppose propulsion power are various kinds of resistance, or drag. Form drag 
results when the hull travels through the water, with its shape and frontal area relative to 
its direction of motion determining its total resistance. Hull beam at the chines and hull 
depth, as well as drag from appendages such as struts and rudders, create form drag. 
 
Frictional drag is a product of the hull’s wetted surface, or the total area in contact with 
the water. Friction is created as the hull drags a boundary layer of water along with it. 
That layer increases in thickness as it moves aft and down along the bottom of the hull. 



As you would expect, a smooth, waxed fiberglass bottom creates less frictional drag than 
a painted and fouled bottom. 
 
Form and frictional drag are proportional to the square of the speed, so a planing hull at 
40 knots has a drag component 100 times greater than a displacement hull at 4 knots (16 
vs. 1600). In a planing hull, form drag predominates at high displacement and low 
planing speeds, with the wake size serving as a reliable indicator of form drag at any 
given speed. At higher speeds, as the boat rises vertically to the top of the water surface 
and the wake flattens out, form drag (from the hull, not the appendages) decreases 
relative to frictional drag, which continues to increase. On high-speed boats, there’s also 
frictional drag from hull spray, which can be reduced by chine flats and strakes that break 
spray away from the hull. 
 
Then there’s parasitic drag on equipment or parts, such as bottom-mounted transducers or 
wind resistance from a tuna tower. A 34-foot tower and a soft plastic flybridge enclosure 
can slow a 2,600-hp, 55-foot sportfisherman by 2 to 3 knots in a head wind. Wind 
resistance above also increases trim, because the resistance, though perhaps modest, is so 
high up, creating a considerable bow-lifting lever arm. 
 
Every planing boat has a speed range at which it’s most efficient — a function of 
propulsion type, hull size, design and displacement, and the trim, or running angle. To get 
on plane, a planing hull has to climb over and pass its own bow wave; it has to get over 
the proverbial hump. This takes a great deal of power because of the hull’s high transitory 
angle of attack relative to the water surface. But once on plane, efficiency increases as the 
hull rises and trim decreases, flattening the wake and reducing form drag. With less hull 
bottom in contact with the water, frictional drag also decreases. 
 
Form equals function 
Planing hulls require a bottom form, or shape, that can develop the pressure needed to lift 
the vessel vertically to the surface of the water. The faster the boat goes, the higher out of 
the water it rises, and the more the hull is supported by hydrodynamic lift and the less by 
hydrostatic buoyancy. What makes a hull plane are 1) buttocks aft that are nearly parallel 
to the waterline when the hull is at rest, and 2) an immersed transom, as opposed to the 
displacement hull’s upswept buttocks with the transom above the waterline. Think of the 
buttocks as creating the wing surface that generates lift, with the immersed transom 
developing lift all the way to the stern, preventing squatting so the boat can climb over 
and pass its own bow wave. 
 
Within these parameters, planing hulls can have different shapes. A round-bilge planing 
hull can get up on plane, but it’s not as efficient as a hard-chine planing hull for two 
reasons. First, the chines extend the size, or surface area, of the hull’s planing area all the 
way out to the hull sides, while the round-bilge hull starts to curve upward well inboard 
to meet the hull sides. The chines create more lift-generating bottom surface, which acts 
to reduce bottom loading per square foot and helps the boat plane more easily — and 
therefore more efficiently — and at lower speeds. 
 



Second, hard-cornered chines allow the water to break clean from the hull surface, 
creating flow separation, which reduces the wetted surface — the amount of hull in actual 
contact with the water (a function of boat weight, speed, deadrise, trim and chine beam) 
— thereby reducing drag and increasing speed. 
 
Length-to-beam, et al 
The hull’s length-to-beam (l/b) ratio is a very important efficiency factor for several 
reasons. But consider first a disturbing trend during the last 25 years — boats getting 
wider and wider, making the hulls less efficient and harder riding to boot. In part, this is 
because shorter/wider boats run with higher trim angles (bow up), which increases form 
drag as well as vertical accelerations from wave impact (it’s called pounding when 
extreme). 
 
Thanks to market demand for condo-sized accommodations afloat, we have production 
42-footers with 15- or 16-foot beams, for an overall length-to-beam of 2.8 or less. If you 
build the same-sized boat at 46 feet by 13 feet, 6 inches, it will be more efficient, less 
susceptible to trim change as speed and weight distribution vary, will run at more 
moderate trim angles (improving both ride and efficiency), stay on plane at lower speeds, 
and be more comfortable in a seaway — in short, a superior all-around boat. 
 
Let’s look at the length-to-beam ratio’s effect on trim. As I pointed out, while short, wide 
boats run bow high, narrower, longer boats run with more modest bow rise, since the 
boat’s weight is spread out over a longer waterline and that greater length better resists 
trim-changing weights and forces. 
 
To achieve maximum efficiency, one wants to minimize the form drag created by stern 
immersion and buttocks angle of attack by lowering the bow, but not so far that frictional 
drag increases to counterproductive levels with the additional wetted surface forward. 
The longer/narrower boat runs more naturally at this optimum angle, without wedges and 
with less use of trim tabs and, therefore, with less drag. Trim equilibrium is reached when 
the center of dynamic lift of the water flow along the bottom of the boat is balanced by 
the vessel’s longitudinal center of gravity, which is determined by the weight of the 
vessel and everything in it. 
 
Another efficiency factor is deadrise. A flatter hull develops lift more efficiently, but 
bottoms that are flatter in the forward half of a 35-knot hull pound mercilessly, so that’s 
not a solution. There are, however, many of these boats being sold today, so beware. And 
I doubt the difference in efficiency between hulls with 20 and 22 degrees of transom 
deadrise can even be reliably measured, though the difference between 15 and 24 degrees 
can be. Unless you’re in a 70-knot boat, it’s the deadrise farther forward and in the hull’s 
midsection that determine ride quality, not transom deadrise. 
 
Weight matters most 
Even when on plane, a hull displaces water; that’s where the wake comes from, and the 
wake is both the result and the measure of form drag. So for a planing hull, displacement 
(total vessel weight) is the single most important part of the efficiency equation, because 



the hull is correspondingly more deeply immersed, plowing a deeper trough through the 
water. 
 
If you add weight, a boat will slow down very predictably — so predictably that 
performance prediction curves produced during the boat’s design phase are remarkably 
accurate. Weight change has more effect in a planing hull than in a displacement vessel 
because form drag goes up faster as weight is added. It takes a lot of energy to keep a hull 
skimming along the top of the water (recall how fast a planing hull comes off plane when 
you chop the power.) 
 
Think of it like this: The hull has to run along at an angle of attack to the water surface — 
typically from 2 to 7 degrees, depending on the shape of the hull and its weight 
distribution — to develop the lift needed to plane. The more weight, the more power it 
takes to maintain a given forward velocity against the increasing pressure of the bottom 
meeting the water surface at this angle of attack. 
 
The pressure on the bottom of the hull on plane at a given trim, or angle of attack, 
increases directly with the boat’s displacement. We call this pressure bottom loading, and 
it can refer to the static pressure of buoyancy when the boat is tied to the dock, and to 
dynamic pressure when on plane. Bottom loading is a very important concept, and 
overlooking its significance is a big reason some production planing boats today are so 
inefficient. 
 
The best example of excessive bottom loading that comes to mind is a popular 36,000-
pound, 40-foot, 1,600-hp, 35-knot sportfisherman that gets a hair above 0.4 nautical miles 
per gallon. This boat’s bottom is so small for its displacement that it needs more and 
more power (and more fuel) to make its 30-knot cruise, creating a sorry state of affairs. 
Much better that the boat should have more beam and waterline length to lower the 
bottom loading and increase efficiency. Rather than reducing the hull’s bottom loading 
and cutting some weight out of its structure, the builder — and there are many like this 
one — took the easy way out and just added horsepower. Oh well, the boat rides better 
with more weight, anyway, they rationalize, and their customers buy into it. 
 
Now if one boat weighs 10,000 pounds and has 250 square feet of bottom area, then 
bottom loading is 40 pounds per square foot. If the next 10,000-pound boat has 300 
square feet of bottom, then bottom loading drops to 33 pounds per square foot. This 
weight per unit area of bottom makes a huge difference in how easily a boat can get up on 
plane and on the minimum speed at which it can stay on plane. 
 
The deeper the transom is immersed (this is a great visual indicator of bottom loading) 
when the boat is at rest, the more power it will take to get on plane, the more water it will 
displace as it planes, creating a big wake, and the less efficient it will be. The more 
lightly loaded 10,000-pounder with a bigger bottom can stay on plane with a flat wake 
astern at 12 knots, while the other one, like our 40-footer above, starts wallowing and 
falling off plane at 17 knots. Guess which one is more efficient? 
 



This ability to plane at lower speeds also lets a boat come home in rough weather at 12 to 
14 knots, still efficiently on plane, while the more heavily loaded boat will be in 
semidisplacement mode at the same speed, burning a lot more fuel. 
 
One lesson that presents itself in this discussion is that all the speed/length guidelines 
about how fast a boat has to go to semiplane or fully plane are only very rough rules of 
thumb. A lightly loaded 40-footer can be on plane, defined as a rise in the center of 
gravity with a clean wake astern, at 11 knots. The same 40-footer with 10,000 pounds of 
fish in the hold might not be on plane until it’s making 16 or 17 knots. 
 
Trim matters, too 
If weight matters the most, then trim is a very close second, because trim determines lift 
as well as drag. Compare two 30-footers of the same displacement running along at 30 
knots. One runs at 6 degrees of trim and the other at 3 degrees. The transom on the first 
boat will be more deeply immersed, so it will displace (push aside) more water, create 
more form drag with its deeper hull, burn more fuel, and pound more in a chop than the 
next boat running at 3 degrees of trim. In fact, there is a direct correspondence between 
trim and both efficiency and ride quality/vertical accelerations. And, yes, even a fast 
planing hull displaces water — that’s what creates wake. 
 
Getting the right trim is a balancing act in search of a sweet spot. Trim the bow up with 
the drives, and form resistance increases as the hull plows a deeper trough through the 
water, though frictional drag decreases with less hull in contact with the water. Drop the 
bow down with drives and tabs, and form drag decreases as less water is displaced by the 
less deeply immersed stern, but the increased wetted surface forward adds frictional drag. 
The trick is to find the precise trim that produces the optimum balance of lowest 
combined form and frictional drag for greatest efficiency. To get a hull to run naturally at 
the optimum trim, hull shape, weight distribution and the force vectors created by the 
particular propulsion system all have to be taken into account. 
 
Summing up 
The biggest factor in planing hull efficiency is weight, specifically the amount of weight 
per square foot of hull bottom. Reducing weight using cored construction is a good start, 
but just as important is reconsidering whether you really need the icemaker, large-screen 
television, vacuum cleaner system, washer and dryer, teak decks, 30-foot tower and the 
12-foot dinghy. Simplicity can be its own reward. 
 
And do you really need to cruise at 30-plus knots? If a 22- to 24-knot cruise will do, you 
might cut your power requirements in half, which reduces both engine and fuel weight. 
And it is so much more pleasant, in terms of both noise level and boat motion, to run at 
20 knots rather than 30. 
 
A 20-knot boat also can use conventional inboard power efficiently, since running gear 
drag doesn’t become a major issue until well above these speeds. A longer, narrower boat 
runs more efficiently and comfortably than a shorter, wider one in part because its 



unaided trim angle is more moderate. It will stay on plane at a lower hull speed, so it will 
run efficiently in semidisplacement mode as well. 
 
The very best way to go about designing a boat is to settle on the size you need — say a 
40-footer — then make it 15 percent longer, with nothing added other than length. This 
will make it more efficient and faster with the same power, and it will be more 
comfortable to boot. 
 
Keep it simple and light, with fewer things to break and add stress, and you just might 
find yourself having more fun on the water. 
 
http://www.soundingsonline.com/features/technical/237792-planing-hull-efficiency 
 
 
 
Elco Electric Motors 
 
Elco EP Motor Benefits: 
 

• No exhaust fumes produced 
• Silent motor operation – No noise pollution 
• Recyclable batteries 
• Very small carbon footprint if charged by the solar or wind power options 
• Cruise all day and charge the batteries overnight for just pennies 
• The motor fits standard motor mounts 
• Never needs a tune-up; no need to winterize 
• Available for conventional shaft connection applications and sail drive units 
• The motor is water and particle resistant 
• The patented enclosure ensures that the motor runs cool so it will not heat up 

the cabin 
• Great reliability, with an operational service life of 50,000+ hours before 

scheduled maintenance 
• More than twice the cruising range than an equivalent diesel motor in a hybrid 

system 
 
Environmentally Friendly 
Elco Motor owner John Kelly: “In thinking about what type of motor to put in to my 
boat, keeping the gasoline and oil away from the lake was a big part of the decision, and 
electric is just so environmentally friendly and sustainable that I wanted to go electric 
from the get go with this boat.”  No oil and no combustibles onboard! 
 
Electric is the better choice 
Elco installer Reuben Smith: “We decided to use an electric motor for a number of 
reasons. One of which was we did not have the room under the cockpit to install a normal 
internal combustion motor, but we could fit an electric motor in that very small space. 
Other advantages we found were no through holes and no fuel tanks. Fuel tanks are an 



issue on a sailboat because the loading and unloading of the fuel effects the trim of a 
sailboat.” 
 
 
 
 
 
 

 
 
 
http://www.elcomotoryachts.com/elco-ep-motor-benefits.shtml 
 
 
sun21 
In 2007, five Swiss sailors piloted a solar powered boat across the Atlantic Ocean. Using 
solar power only (via solar panels), the “sun21” made the first motorized crossing of the 
Atlantic Ocean in order to promote the great potential of renewable energy for ocean 
navigation and to combat climate change. The “sun21’ arrived in New York City on May 
8, 2007, having covered 7000 sea miles. 
 
The “sun21” is a 45.9-foot-long specially built solar powered boat known as a catamaran. 
On its canopy like roof are 48 silicon photovoltaic cells, which collect energy from 
sunlight and transmit it to a device in one of the narrow cabins. That device transmits the 
energy to the 3,600 pounds of storage batteries below the deck. The 11-ton solar boat was 
powered on the energy needed to light 10 100-watt light bulbs. The typical speed was 3.5 
knots. The solar boat has two engines that can go up to 107 nautical miles a day in good 
weather. 
 
The “sun21” sleeps 6 people and has room for large groups for visits or short excursions. 
The kitchen is in one hull and the bathroom is in the other. 
 



 
 
https://www.dasolar.com/solar-energy/solar-powered-boats 
 
 
Planet Solar 
How do you propel 100 tonnes of metal around the world's oceans without fuel or even a 
sail? 
For a pioneering group of Swiss investors and German engineers, the answer is simple - 
the sun.  Add some design expertise from New Zealand and you have the MS Turanor 
PlanetSolar, the world's largest solar-powered boat and a striking glimpse into the future 
of marine travel.  "The idea was to demonstrate the enormous potential of solar power by 
circumnavigating the globe," says Rachel Bros de Puechredon from PlanetSolar. 
And with 60,000km (37,000 miles) successfully navigated, the team have achieved 
precisely that. 
 
Maximum exposure 
The Turanor uses energy harnessed from more than 500 sq m of solar panels to drive two, 
60kW electric engines, each in turn driving a standard propeller. They are capable of 
pushing the 35m catamaran to a top speed of 14 knots (26km/h, 16mph). 
 
On its journey, the boat averaged just five knots as the five-man crew charted a course 
around the equator to maximise exposure to the sun. They were at sea for 585 days as a 
result - somewhat longer than the record 45 days for sailing round the world. 
 



To boost power when the sun is weak or hiding, the boat holds eight tonnes of lithium ion 
batteries, capable of powering the vessel for three days when dark clouds shade the ocean 
skies. 

 
 
http://www.bbc.com/news/business-23936775 
 
 
World’s First All-Electric Battery-Powered Ferry 
A Norwegian emission-free ferry called the Ampere was granted the esteemed “Ship of 
the Year” award as the SMM trade show in September 2014. The ferry is reportedly the 
first all-electric battery-powered car and passenger ferry in the world. The battery-
powered vessel, with a comfortable capacity of 120 cars and 360 passengers operating at 
about 10 knots, is apparently in service 365 days per year. 
 
The ferry is 80 meters long and 20 meters wide. With a svelte catamaran hull, quite 
lightweight and made of aluminum, the vessel features an all-electric powertrain, with 
two electric motors with 450 kilowatts of output each. Steel is ordinarily used in 
shipbuilding. Thus, the ferry is just half as heavy as a conventional ferry — even with its 
10-ton batteries. 
 



 
 
http://cleantechnica.com/2015/06/13/worlds-first-electric-battery-powered-ferry/ 
 
 
 


