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When it comes to the development 
of electric drive systems large 

and small, there’s a double-headed 
challenge. The first is the propulsion 
system itself, a combination of electric 
motor and drive train that efficiently 
turns watts into speed through the 
water. Big strides forward have been 
made in brushless DC electric motors 
sporting rare earth magnets. These cut-
ting-edge systems rely upon a winding 
sensor and an electronic voltage phase 
controller that can swap polarity thou-
sands of times a second and maximizes 
torque per ampere consumed. This 
new technology has sidelined the less 
efficient arcing-and-sparking carbon 
brush and armature type electric mo-

tors that have energized copper wind-
ings for over a century. Better magnets, 
cooler running motors, and better 
bearings have also helped to plus up the 
power-to-weight ratio of these electric/
electronic motors.

The second part of the puzzle is the 
acquisition of amperes to run the mo-
tor, and an interesting point is made by 
looking shoreside. Home central air-
conditioning systems run using electric 
motors because of the convenience and 
the cost-effectiveness of the kilowatt 
hour that’s delivered to each house via 
the national grid. Currently at least, the 
price is much better than the all up cost 
of generating your own energy, electri-
cal or mechanical. Add to this the fact 

that electric com-
pressors require 
very little mainte-
nance for the first 
decade or so, and 
there’s much less 
noise to abate. So 
it’s a no-brainer 
that electricity is 

the right energy source for home HVAC 
systems, and it garners a 99.99 percent 
acceptance rate among consumers. For 
better or worse, the grid that makes all 
this possible terminates at the end of the 
dock, and so does the seemingly endless 
supply of energy streaming out the end 
of a copper wire.

It’s true that big battery banks hold 
lots of current for consumption, but 
there’s an equivalent pay-the-piper real-
ity when it comes to packing energy back 
into these batteries. Not alone do batter-
ies not make any current themselves, but 
none are able to deliver 100 percent of the 
energy that is sent their way.  

Even the most efficient batteries suffer 
energy losses due to the chemical reac-
tions involved. They also have a percent-
age of loss that goes up with the time 
span between charging and discharging, 
their age, and the rate of discharge. At 
best, they behave like a water tank with a 
few small leaks. New Lithium-based bat-
teries are more promising; solar panels 
continue to evolve; and fuel cells, which 
do create energy, are also a target for fu-
ture development.

Unlike the federal budget, the energy 
balance aboard a sailboat needs to be 
maintained, or the lights go out. The 
bottom line of a DC electrical balance 

PS compares two Torqeedo electric outboards and the Electric Paddle.
E-Outboards Ramp Up the Amps

The Torqeedo Travel 1003 undergoes testing on Chesapeake Bay. 

Testers used a GPS  
to calculate speed  
and range during 
testing.
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sheet begins with a simple tally of the 
amp-hours or watts consumed in a day. 
If this comes from a battery bank, add 
20 percent more power to compensate 
for charge/discharge inefficiency.

Because electrical drive systems are 
both high consumers and are often 
linked to long run times, they dwarf the 
power demands of other high-current 
consumers such as an anchor windlass 
or bow thruster. The latter two devices 
have relatively short “duty cycles,” and 
much less power is used. The point here 
is that if you run the propulsion system 
on battery power, there needs to be a 
bilge full of batteries and willingness 
to put up with lower speeds and less 
range. If your sailboat harnesses a die-
sel electric drive or augments battery 
power with some charging assistance 
during the time spent under power, the 
range significantly increases. 

Diesel fuel is an energy-dense liquid. 
Battery electrolyte would also qualify 
as the same if it didn’t require half a 
keel’s worth of lead to extract the po-
tential energy. Some of the new battery 
technologies look more promising, but 
until we see more efficient solar panels, 
better electrical energy storage materi-
als, or hull skin coatings that act like 
grease on the skids, coping with the 
energy needs of an electric drive will 
remain a very big deal.

What we tested
The one scenario that currently works 
well for sailors, and definitely gets our 
nod of approval, is electrical propul-
sion for the daysailer or marina-to-
marina cruiser. These are applications 
in which there’s both efficiency under 
sail and only a very modest need for 
a mechanical boost to cope with dead 

calms and getting into or out of a slip. 
In such cases, a 48- or 24-volt DC mo-
tor drive (inboard or outboard) can do 
the trick. Charging dockside while the 
crew sleeps, rejuvenates all involved. The 
next morning, there’s a refreshed crew 
and juice for another bout of powering.

In our effort to field test our own 
theories, we recently looked at a couple 
of new electric outboards, sea-trialed 
each unit, and compared them to the 
Torqeedo Travel 801 (T-801) that we’ve 
been long-term testing now for over 
two years. 

Torqeedo T-801
In our original testing of the T-801, we 
saw both the merits and limitations 
of self-contained (battery and mo-
tor in one unit) electrical propulsion. 
The original work up was done using a 
Walker Bay RID 275, and the findings 
were upbeat about the thrust delivered 
at full speed, the near silent operation, 
and the handy portability of the engine. 
But the unit’s short run time at full 
speed and the snail’s pace (1.5 knots) of 
slow speed (the key to maximum range) 
left us with some ambivalence. 

Since then, we have continued the 
testing aboard vessels ranging from 
kayaks and low-drag rigid dinghy 
hull shapes, to a 19-foot Cape Dory 
Typhoon and a 28-foot Herreshoff 
Rozinante yawl. The T-801 continues 
to operate reliably, no seal leaks at the 
prop shaft have occurred and the bat-
tery charge retention has decreased 
only by 5 percent. We haven’t broken 
any parts, and when the choice is be-
tween the Torqeedo or a gas kicker 
to get a daysailer out of the slip, the 
Torqeedo wins hands down.  

In our testing, the T-801 pushed our 
19-foot Cape Dory at a top speed of 4.2 
knots and a the larger 28-foot Herreshoff 
Rozinante at 3.9 knots. This full-out 
speed test on heavy displacement boats 
eats up the battery charge in 15 minutes. 

p r o p u l s i o n

value guide electric propulsion
maker/model Torqeedo  

T-801  
Torqeedo
T-1003 

Electric  
Paddle 

price $1,699 $1,784 $985

warranty 2 years 2 years 2 years

battery 29.6V/10Ah 29.6/13Ah 24V/10Ah

weight 7 pounds 7 pounds 7.75 pounds

rating 2 hp 3 hp Unrated

range full* 1.9 miles 2.1 miles 1.7 miles

range half 2.5 miles 6 miles 4 miles

range slow 8.5 miles 11 miles 6 miles

 Best Choice         *Range in nautical miles, flat water using a 10-foot Avon roll-up.

Continued on page 16

The Torqeedo T-801 provided flat-water 
umph for one of our test boats, the  
L. Frances Herreshoff Rozinante Honalee.  
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Electric Paddle 
Provides a  
Lightweight Push

                     p r o p u l s i o n

P ractical Sailor recently tested the 
Electric Paddle—a pre-production 

unit built by Propele Electric Boat Motors  
(www.electricpaddle.com). This mini-out-
board motor represents the lower thrust 
end of the electric propulsion scale. It com-
prises an electric motor with a drive train 
in a small upper unit that sends torque to 
a lower unit that spins a high-aspect ratio 
two-bladed prop. 

A large, high-molecular-weight plastic 
drive gear is directly attached to the prop, 
which is a slow-turning, large-diameter, 
aircraft-like propeller. Water floods the drive 
components and acts as the lubricant. The 
resulting thrust is modest but enough to ac-
celerate a kayak, canoe, efficient dinghy, or 
small sailboat at a 2- to 3-knot clip. We found 
that three-knot bursts were possible, but af-
ter five minutes of such romping, the voltage 
began to drop, slowly diminishing the boat 
speed as well. Settling for 2 knots, the unit 
pushed a kayak along for two hours worth 
of sightseeing.

The fuel tank is a 24 V/10 Ah waterproof 
NiMH battery in a nylon bag that sits on the 
stern seat or straps to the engine bracket. It’s 
easy to connect the battery to the motor via 
a short supply cable. The throttle is part of the 
handle grip, and a simple twist controls the 
current sent to the motor. 

Underway, the Electric Paddle is noisier 
than the Torqeedo because its drive train 
and motor are above water, not submerged 
as they are in the Torqeedo. The high-aspect 
ratio, slow-turning prop loves flat calm con-
ditions, but any pitching motion caused by 
chop or a boat wake decreases performance. 
The engine can be rotated to deliver reverse, 
but this is rarely needed. We found the unit 
to be a handy aid aboard a kayak being used 
for photography or for those simply looking 
to lower the paddle for a while. The unit lacked enough power to be much use in 
breezy, choppy conditions, but if you are interested in mostly flat-water propulsion, 
the Electric Paddle is worth a look.

Joe Grez, the inventor of the Electric Paddle and president of the company, is a 
physicist with a fascination for efficient hull shapes driven by electric power. He has 
already upgraded the unit we tested. The Electric Paddle represents the minimalist 
side of electric propulsion and is a viable choice for those with small, efficient boats 
who are looking for just a little boost when it comes time to cope with a calm sea. 

The Electric Paddle had several features 
that stood out during testing, clock-
wise from top: The lightweight motor 
was able to propel our small dinghy at 
a 2- to 3-knot clip in calm water; the 
thin, high aspect ratio propeller loved 
flat calm conditions but performance 
dropped in a chop; the battery and 
cables fit in a rugged bag that took up 
very little space; the motor was very 
light and easy to carry.
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The same full-throttle thrust with the 
Torqeedo clamped to a long, lean kayak 
resulted in 23 minutes of full-speed-
ahead sprinting. The really encouraging 
news, however, is the 1.5-hour runs at 3 
knots and how a dead slow boost to a sail-
boat can turn a flat calm afternoon into 
several hours of silent 3-knot motorsail-
ing across a mirror-flat sea. Recharging  
the 10Ah/29.6VDC Lithium manganese 
battery is an overnight (eight hours) en-
deavor, and those needing more power 
can purchase another battery ($600) or 
opt for an adapter bracket that allows the 

unit to tap into a conventional lead-acid, 
AGM, or other 24VDC battery bank.

Torqeedo Travel 1003
The new Torqeedo Travel 1003 is a sig-
nificant upgrade to its predecessor, the 
T-801. With 30 percent more battery 
power, plus an increase in thrust and 
efficiency, the new unit is even more us-
er-friendly. It’s rated as a 3-horsepower 
outboard, and the borderline f limsy 
plastic bracketing of the T-801 has been 
totally redesigned. A beefed-up, well-
engineered bracket clamps the motor 
to the transom, and both the tilt adjust-
ment and the battery support are more 
ruggedly structured. Instrumentation 
(charge level, speed, and GPS position) 
has been added and everything from 
the control handle to the cabling has 
been rethought. There’s also a second 
iteration of the T-1003’s double-screw 
transom bracket in the works. The loca-
tion of the screw clamps on the original 
bracket did not extend as deep as neces-
sary in some installations.

Our first demo of the new Torqee-
do was on a light, round-bilged Wing 
Systems dinghy that literally leaped to 
life with a twist of the wrist. The ef-
ficient hull shape of the boat and the 
high thrust producing Torqeedo 1003 
made it clear that electric outboards are 
here to stay. Instantly, this 
elegant rowing, sailing, or 
power propelled dinghy 
was nearly on a plane. The 
usual 4- to 5-knot gam-
bol became a 7- to 8-knot 
quick-step, with promise 
of planing for the lightest 
of crews. Yes, such frolick-
ing only lasts for 15 to 20 
minutes, but there’s two 
hours worth of toodling at 

3 knots and a dead slow range of about 
10 miles in a flat calm. 

Conclusion
As with automobiles, energy efficiency 
has until recently been a backseat 
priority. Just try to row the average 
inflatable, even with a good set of 7-foot 
spruce oars and efficient oarlocks, 
which are unlikely to be present—the 
hull shape is hard to move through the 
water. These boats have been designed 
for stability and performance while 
on a plane, and to be pushed by an 
internal combustion engine with 
power to spare. The 4-horsepower 
gasoline outboard for the dinghy of 
the 1970s is a 9.9-horsepower today, 
and the crew usually wishes it held 
20 stallions under the cowl. One 
reason why the T-1003 performed so 
well on the Wing Systems dingy is 
the efficiency naval architect Diana 
Russell designed into the hull. This is 
also why the boat is a pleasure to sail, 
and when oars are stroked you’re able 
to obtain progress as well as exercise. 

A good part of the innovation behind 
the Torqeedo is the company’s look at 
the full spectrum of performance, from 
amps available to the prop’s behavior 

p r o p u l s i o n

The Torqeedo 1003 made several improvements over the Travel 801, from top: the power 
display is easier to read and provides charge level and speed data; the engine bracket is 
beefier; the underwater motor is more powerful. 

Continued on page 25

With a bit of lumber and 
some rope, we were able to 
modify a kayak for use with 
the Travel 801.

Continued from page 14



January 2011 25practical sailor

This month’s Gear Graveyard called to mind the famous 
scene in the movie The Graduate when actor Dustin 

Hoffman is pulled aside at a dinner party and offered a word 
of advice: “I just want to say one word to you son . . . just 
one word . . . plastics.”

There are a myriad of polymer combinations that make 
up the vast realm we call plastics, so to speak of them in 
a general sense can be misleading. Some plastics, like the 
glass-fiber reinforced acetal copolymers used in a variety of 
marine hardware are extremely strong. But even the stron-
gest plastics can be weakened by environmental factors. Our 
online article “Plastics Versus the Weather: The Nature of a 
Losing Battle” found in the Tools and Techniques section of 
our website at www.practical-sailor.com, describes some of the 
common enemies of plastics These include acids (from acid 
rain), water, sunlight, and ozone, which can occur when car 
exhaust mixes with sunlight.

This month’s Gear Graveyard looks at two products that 
have fallen victim to one of plastic’s most familiar shortcom-
ings: poor tensile strength.

J o h n s o n  I n l e t  S t r a i n e r 
w i t h  Q u i c k  R e l e a s e  
Fitting: We received the 
Johnson Pump Protec-
tor Inlet Strainer along 
with some electric heads 
that we are testing for an 
upcoming article. The 
connector fitting used to 
join the barbed end fitting and the 

filter are relatively new to marine 
plumbing and have been gradu-
ally penetrating the market. Us-
ing O-ring seals and a sliding 
locking mechanism, they make 
it easy to connect and discon-
nect hoses. The plastic slide-lock 
component on the Johnson fil-
ter has an extremely thin sec-
tion. One of the slides broke 
at this spot during a video 
shoot demonstrating how they 
functioned. Such quick-release fittings 
are a boon for installers and boatbuilders, but they should 
be designed to stand up to hard use. Until then, cruisers are 
better served with AISI-rated 316 grade all-stainless steel hose 
clamps.

No-Name Outboard Bracket: An anonymous reader 
bought this  bracket at an anonymous website for a low price. 
He installed it on his boat, fired up his outboard, and watched 
it go into the drink. The bracket has no markings on it, and 

it is not one of the brands we tested 
in September of 2007. We are still 

investigating the origins of this 
product. In the meantime, 

we warn readers to stick 
with one of our recom-

mended brackets from 
Garhauer, Garelick, or 
Fulton.  

G e a r  G r a v e y a r d

under varying load conditions. Recog-
nizing early that static thrust was only 
one consideration, Torqeedo engineers 
looked at propeller behavior as it moved 
through the water column, not simply 
as a measure of bollard pull. Delivering 
more torque from a motor is an impor-
tant part of adding speed, but some of 
the most substantial gains can be made 
with propeller efficiency, especially in 
the lower power end of the outboard 
motor world. 

Many fondly recall the cantanker-
ous old Seagull two-stroke outboard 
that noisily fumed away and sported a 
motto promising that it was the “world’s 
most reliable outboard.” This claim was 

often debated, but what the unit 
did offer was a slow-turning, large di-
ameter prop that was a thrust-producing 
marvel—a concept well understood by 
the commercial mariners. Efficiency is 
all about turning torque into thrust at 
a given boat speed. When planing be-
comes part of the picture, the paradigm 
changes: Cavitation, and ventilation be-
come issues, and a new set of propeller 
dynamics come into play, but at lower 
speeds, large-diameter, slower-turning 
props still rule the day.

 Electric outboards are a micro-
cosm of the amps-for-knots effort, and 
big strides forward are being made. 
However, the pragmatist looking at 
dollars-per-knot, weight-per-knot, or 
range prior to refueling are yet to be 

convinced that it’s the right 
time to switch over. The rationale be-
hind a conversion to electrical power 
still requires some less empirical rea-
soning. Perhaps it’s the recognition of 
air quality improvement linked to a 
move away from oil-based propulsion? 
Or for many, it’s the pleasure of silence 
extended into the powering part of a 
cruise that tips the scale.  

Contacts

Torqeedo, 815/444-8806 
www.torqeedo.com

electric paddle, 425/502-5232 
www.electricpaddle.com

Durability suffers in the pursuit of new lightweight designs.
The Perils of Fantastic Plastics

Continued from page 16
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