


Our “first—choice car”, a 1979 Porsche 924 Electric Vehicle Conversion.

Our electric Porsche conversion project began with a search in the local, weekly,
used-car paper, found at a nearby grocery chain (I was there for a meeting, not to buy
anything!). | opened right to an ad for a 1979 Porsche 924, 50 miles away, for $1200.
We thought about this for over a week before calling the number, then connected with
the owner and drove over to buy it. Driving a real sports car, with its low center of
gravity and perfect weight distribution, is definitely a "gas"! But several local "gear-
heads" have given me grief over ripping out a perfectly good gasoline engine (with only
70,000 miles on it) to install an electric motor.

Well technophiles, comparing the peak dynamometer horsepower of an unloaded gas
engine to the loaded continuous horsepower of a motor is quite misleading. The output
curves are very different. Try comparing torque at low RPMs and you'll partly see why
we prefer the electric motor. And the peak horsepower of our new electric motor
exceeds that of the gas engine it replaces. The other big factor is efficiency . A gas-
powered drivetrain is about 20-24% efficient at converting gasoline to motion, while a
"series-wound”, DC electric drive system is roughly 80% or better (and some AC drive
systems do even more). Any other questions? Anybody need about 600 pounds of fuel-
injected 4-cylinder engine, an exhaust system, cooling system, fuel system, or air
conditioning? Actually, someone with a 924 already bought them.



But why, you may ask, did we use such an old foreig n sports car?
It's fairly light , for a car, and structurally well built,
it doesn't have on-board computerized gauges and contr ols to contend with,
and very few electric accessories that would lower our range,
being a production body it's already crash-tested and deemed road-worthy,
with a high-voltage battery bank and motor it's capable of reaching high
speeds quickly (to get out of the way of crazy drivers),
it is registered, insured, and licensed exactly like its gas-fueled predecessor
it has a very small frontal area (for a car; riders on bikes are much smaller),
it has a very low drag coefficient (aerodynamic shape),
this combination gives us the range we need while keeping battery cycling
below 50% (improving battery service life),
its suspension can handle the weight of the batteries , once the combustion-
related stuff is removed, (if you add “helper springs” over the rear shocks)
it has enough room for our needs,
it has been stored in a heated garage for the past 18 years so there is almost no
rust on it , and it was fairly cheap yet driveable , so we could easily get it home,
and there were 151,000 of these built (the most of any Porsche) and many of
the parts were from Volkswagen, making them cheaper and easy to find.

The sloping rear end of the 924 gives plenty of visibility and a great hatch. But the
aerodynamics improve if you add a small rear spoiler at the bottom of the glass (like a
944) and cut away the spare tire well, replacing it with a smooth steel underbody behind
the rear axles.



Here you see the gas motor coming out, after a 50-step removal checklist. Working
outdoors in February was such fun!

This is the clutch cover (flywheel housing) seen from inside the engine compartment.
Careful measurements of the drive shaft to mounting bolt centers and bolt-to-bolt
centers gave a machinist what he needed to make an aluminum adapter plate to fit our
electric motor.



And here is the motor, shortly after arrival, a Warfield WarP9, drop-shipped from Illinois.

Here you can see the adapter plate mounted on the motor along with the hub adapter
for our driveshaft, made from our clutch disc and a keyed shaft coupler.



This is a close-up of the shaft coupler. The clutch disc was mostly ground away, leaving
the center area with the driveshaft splines. It was welded to the motor’s shaft coupler.

Here the motor is being hoisted into position using an eye-bolt threaded into the socket
at the top of the motor.



The motor is about to be bolted into place. An added rubber cord is being used to hold
the motor level while the driveshaft splines are engaged.

The other big time-consuming part of preparing a car for electric conversion is the
custom fabrication of battery racks. They need to hold the batteries securely even in a
crash, they must be built around existing framework and components, and the batteries
themselves need to be in the right front-to-rear weight balance. We added more battery
weight in the rear instead of the front, matching the engines weight, to keep steering
easy. And we kept the weight centered between the axles and as low as possible to
improve handling. Part of handling the extra weight of batteries is the addition of “helper
springs” mounted over the rear shock absorbers.



Here are the beginnings of the front battery racks, set up to hold 3 batteries side-by-side
over the motor, and 1 further forward and lower to clear the hood.

We went with sealed, gel-cell, lead-acid batteries for very specific reasons.

ready availability , in-stock, only 11 miles away,

low initial cost , especially compared to the nickel or lithium-based alternatives,
reliability , high quality , and predictable performance characteristics (unlike
many Chinese-made nickel and lithium-based offerings),

very high impact, vibration, and corrosion resistance

easily recycled , at any local place that sells batteries,

safety (no explosive gas vented, no risk of acid spill even when punctured),
good cell voltage (2.13 V/cell) and pre-packaged in a 6-cell battery (unlike
nickel cells that are around 1.2 V/cell and require interconnects),

the ability to leave them uncharged for days, or even weeks without sulfation
damage (don't try this with lead-acid "wet cells" or “AGMs”),

better "cycle life " or “service life”, partly due to the addition of phosphoric acid to
the sulfuric acid electrolyte, and partly from the “acid starved” design,

extremely low self-discharge rate  (under 2% per month!), while still featuring,
very low internal resistance , due to improved plate and cell interconnect
design, very pure lead and electrolyte, and advanced fabrication and materials.

Cycling Ability v. Depth of Discharge (for Deka batteries)

Typical Life Cycles:
Capacity withdrawn: Gel Batteries AGM Batteries
100% 450 cycles 150 cycles
80% 600 200
50% 1000 370
25% 2100 925

10%

5700 3100



There are only four negative aspects to these batteries:
- like all lead-acids, they are heavy for a given capacity (840 Ibs. in our version of
a 12-battery, 144-volt system)
they have to be charged with a voltage regulated, temperature compensated
charger , (and most chargers are now built this way),
they must be kept over -22 F, or -30 C, or the electrolyte can freeze, and
they are the most expensive lead-acid battery = when compared by capacity.

Below, in the left photo, you can see the rear battery rack going where the cramped rear
seats used to be in this so-called “2+2” seating arrangement.. The battery charger is
sitting temporarily above it. Two batteries will sit on the floor behind the front seats, 5
more in the main rack, and one above on the rear deck. The rack is made from recycled
scrap “angle-iron” that once was the tower of a water pumping windmill.

The wires that connect the rear battery bank to the front one run through holes drilled in
the sides of the transmission “hump” down near the floor. In the right photo you can see
a shot from under the car's transaxle, facing toward the front. The light-colored pipe
heading away from you is the “schedule 80” PVC pipe that surrounds these heavy, 4/0-
gauge wires that connect the battery banks. Looking carefully you can see the black, 1-
inch polyethylene pipe intersecting the big PVC tube. It contains a positive and negative
cable heading left and right through the floor hump toward the batteries on the floor.



Here are the other some of the other components used in the conversion. Starting at the
top left and moving clockwise are the vacuum pump (for power brakes), the DC-DC
converter (replaces an alternator for 12-volt accessories), the pulse-width modulating
(PWM) motor controller that allows continuously variable motor speed (just a giant,
high-speed electrical switch), and Anderson connectors to disconnect the drive
batteries for service work. Moving left, you see a Hall-effect motor speed sensor which
tells the tachometer how fast the motor is running. Moving upward we see the main
fuse along with the main contactor , a high-current relay, operated by the ignition
switch, that allows high-voltage power into the controller. Next is the “pot-box” , a
simple variable resistor that connects the accelerator pedal to the motor controller.
Above that are the shunt and Link-Pro meter which work together to act as an
electrical “fuel gauge”, the ammeter and tachometer which indicate acceleration and

motor speed, and finally, 2 of the 24 cast copper battery terminals used to connect the
12 drive batteries.



In this shot the components are getting mounted next to the front-most battery, up
where the air stream is coolest to keep them happy (front is at the right).

And from below you see the controller, anti-roll bar, motor, and steering rack.



This is a 4-foot long, thick aluminum bottom plate made from a discarded highway sign.
It streamlines the under-car airflow and protects the expensive electrical components
from tire splash and road debris.

Here you can see it bolted into place, along with the former front grill, now sealed over,
and a 2-by-24-inch airspace that’s about to get a furnace air filter mounted in it.



The bottom of the rear rack is lined with plywood, foam insulation, reflective foil bubble
insulation, and finally some 120-volt plumber’s “heat tape” to keep the batteries above
—22F, or to just increase the car’s range on warmer days.

And here you can see them going into position and being wired with thick 4/0 copper
cables to safely handle the power used during acceleration.



Here is the same view of the filled front end, wiring in place but not completely neat yet.

And here’s the dash. Looks like a regular car to me. The alterations include:
- replacing the VDO tachometer with a Hall-effect, Westburg model tach,
installing an analog ammeter in the middle of the combination gauge,
adding the push-button, controller pre-charge switch under the key slot,
adding a switch to make vacuum brakes optional (stealth mode for town driving)
turning the rear window defogger switch into an interior fan switch,
substituting the Link-Pro “fuel gauge” meter for the vacuum gauge,
substituting a 12-position battery switch and meter probe sockets for the AC switch,
installing the battery charger where the radio and heater controls sat,
adding 4 toggle switches to the console between the shifter and ashtray,
adding a “tortoise/hare” switch near the shifter for a lower-torque 1% and reverse.



Here’s the driver’s view of the instruments taken through the steering wheel.

The cabin looks more spacious than it is. Sports cars are still a snug fit.



This is the center console, showing some extras like the Xantrex Link-Pro ‘fuel gauge”,
battery test selector switch, battery charger, and switches for low/high speed operation,
operation/charging, motor fan, and battery heaters.

This is the nearly finished back seat, just missing the cloth cover over the big battery
box and the covers over the floor batteries. Note the extra 60-foot roll of 12-gauge
extension cord in the back in case we need to reach an outlet further away.



This is the under-hood view of the nearly finished car showing the batteries encased in
layers of bubble-foil and foil-faced isocyanurate insulation and bolted down to the steel
racks with 1” steel angle-iron top racks, threaded rods, and locking nuts.

Most electric vehicle specs state the range of the car but don't tell you what
speed that's at. The range of this car is 50 miles at 55 mph, 103 miles at 30 mph, or 15
miles at 90 mph. And speaking of increasing your range, how is it done?

REDUCE YOUR SPEED (twice the speed = 4 to 8 times the power required,
depending on whether you compare force or horsepower),

Reduce vehicle weight (load-appropriate vehicles; “don’t cut butter with a
chainsaw”, cut the “dead weight” instead),

Lighten the load you're carrying (including your own weight!),

Reduce vehicle frontal area (smaller "face" to the wind; forget the “boxy”
vehicles except for in-town use),

Decrease drag coefficient (more streamlined, less airflow turbulence, longer or
“spoiled rear, fewer protrusions, get lower down, forget boxy front ends),
Decrease rolling resistance  (higher tire inflation, proper alignment, brakes not
dragging, low rolling resistance silicon rubber compounds, etc.),

Increase power conversion efficiency  (full, high-voltage, not "mild" hybrids,
and electric motor drive systems),

Reduce trips and distances (combine errands, work from home, plan more
efficient routes, reduce cross-traffic turns),

Lower acceleration rate (cure yourself of "leadfootitis”; this is transportation, not
a race, not an emotional outlet, and not a game!),

Keep your speed constant when cruising (combustion engines, at least, run
best at a specific, stable RPM. Electrics have an optimum motor speed),

Look ahead for stops and coast down in speed (drive like a bicyclist; make the
terrain and inertia work FOR you), and

Use renewable energy (wind/solar/human, etc. for power or for "refueling”).



Many people seem really skeptical, if not downright angry, about the notion of a
car that can only travel 50 miles at highway speed. Think of it as a vehicle that's had
bariatric surgery ("stomach stapling"). It takes smaller gulps of energy and is best fed
more frequently. General Motors did plenty of surveys back in the '90's, while building
their EV-1, and found that this mileage range suited about 90% of commuters. The
biggest stumbling blocks are related: owning, insuring, licensing, and maintaining a
second car, and the initial higher cost of battery-powered transportation, especially if
you want the absolute latest technology and more range. People seem to want a vehicle
that can do everything, even though they typically own more than one vehicle per
family. That's why the Japanese did so well by introducing hybrids, and why GM really
stumbled with the pre-lithium-battery, overly expensive, electric-only EV-1.

But re-building a cheap, used, possibly non-functio nal petroleum car into an
electric that suits most of your transport needs ma kes lots of economic sense,
even if you charge it from the Grid. = We will drive and insure the electric car about 8
months per year (mainly because batteries don't work well in extreme cold), saving our
recycled gasoline hybrid (2001 Toyota Prius) for long-distance trips and the 4 months
per year when it's just WAY too cold outside. So how do you figure out what your
range will be with a specific car, batteries, motor, etc.? After MUCH research and
laborious calculations on the ideal combination of battery weight vs. capacity, speed,
acceleration, safety, and range for our local driving needs, we found a website that
makes the calculations pretty simple . Going to www.evconvert.com/tools/evcalc/
gets you to the EV conversion web page that gives the most realistic predictions.

After finding the right combination of weight (the Porsche was under 2500 Ibs.), motor
(Warfield WarP9), and battery voltage, we shopped around for batteries on the Net and
locally. The local deal was by far the best! A local farm store chain (Fleet Farm) sold
Deka Dominator, 12-volt, 98 Amp-hour (20 hour discharge rate) gelled-electrolyte, lead-
acid batteries for $150 each, with a quantity discount for a large order. We ordered 12
for a nominal 144-volt system, a programmable, 144-volt, gel battery charger (Quick
Charge, from Oklahoma), and a complete kit of the motor, LogiSystems controller, lota
DC-DC converter, etc. from Greenshed Conversions in Florida. The motor hub adapter
also comes from them, custom-machined to fit our car.

Modern lead-acid batteries are about 98% recycled and 99.9% recyclable ("human
nature" accounts for the difference). The competing technologies simply are neither
fully debugged, nor especially affordable, for venhi cular use in an "electric only",
non- hybrld highway-speed vehicle.  They include:
the nickel-iron "Edison Cells" (hard to find the old ones; the Chinese versions
are not built well; poor acceleration and charge efficiency; expensive),
nickel-cadmium cells (expensive; memory effect limits discharge capacity;
cadmium is toxic waste; prone to sudden, unexplained cell failure),
nickel metal hydride (expensive: many rare-earth metals used in the hydride
electrode; large self-discharge rate; need a good cooling system), and
lithium types (VERY expensive; variable quality depending on source; need
tight electronic charge/discharge control over each cell; half the weight of lead-
acids; quick charging).



| think we'll let the "Big 3" car makers (U.S. Advanced Battery Consortium, if it still exists
iffwhen the Big 3 go "belly-up™) with loads of research money develop and mass-
produce a better alternative before hanging out on the "bleeding edge" of technology.
As it is we have spent $1788 on lead-acid batteries which, if we use the car four times
per week, allowing only a 50% discharge on each use , using it for 30 weeks per
year, will last about 8 years before recycling. After that we'll see which battery
technology has survived the competition of the marketplace.

And what's the point of trying to reduce your carbo n output if you charge your EV
conversion from the grid?  Sure it's cheap, compared to burning petroleum, and the
emissions are way lower (about 70% as high in carbon emissions) if you control them at
one coal smokestack instead of millions of tailpipes. But don't even talk to me about
nuclear power. Talk to your great-great-great-great...grandchildre  n about your
preference to wait 20 years for the completion of m  ore “clean” nuclear fission
facilities (if “Peak OIl” doesn’'t simply make the heavily fuel-dependent mining of
uranium unfeasible). Many of the Earth’s creatures may not have 20 years to wait, and
meanwhile petroleum is neither cheaper nor abundant. Why do we treat something so
useful, powerful, and precious so poorly by just bu rning it up anyway?

If you're really serious, why not just buy your pow er up front and make it
renewable? So in line with this, we have upgraded the solar system that has run our
home for the past 25 years. We now have enough PV panels to keep up with the
charging rate of the car. This involved adding 5 more 130-watt Kyocera PV panels to
our solar array, additional wiring, more switches to move power around, and an Outback
Flexmax80, maximum power point tracking controller (just another big, high-speed
switch, but with brains and very attentive). Now we don't just own the power
company, we own the “gas station”!



Recent modifications to the car include the addition of some switches that allow us to
break the 144-volt battery pack down into three 48-volt packs that charge directly from
our solar PV array via the Outback charge controller. And we have added some “shunt
regulators” from Quick Charge that “cook off” excessive amps from any battery that
reaches its full charge before the others, preventing overcharge damage.

We spent roughly 3 months of spare time , mostly in the very early spring, working
outdoors in the snow, and about $10,000, including the car purchase and buying new
tires, fixing brakes, etc., to do this conversion. The improved solar infrastructure to
charge it added $3000 to our existing solar electrical system. But the results so far have
been very well worth it. And the $13,000 total came from the money we saved by
recycling a “scrapped” 2001 Toyota Prius back in 2002. For more info on this and our
other vehicles, try www.geopathfinder.com/9659. For more on how we harvest
electricity, try www.geopathfinder.com/9504. Or contact us at
GeoPathfinder@yahoo.com.

Bob Dahse/Larisa Walk
30319 Wiscoy Ridge Rd.
Winona, MN, 55987



