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Abstract
The creation of electric vehicles (EV) has been in the making for over 100 years. In the 1960’s there were more electric cars on the road than petrol cars.

Electric motors are 95% energy efficient, compared to the modern internal combustion engines (ICE) 15%.

Large scale production of EVs is being hindered by their largest rival on the planet: Oil. However, small scale EV production is moving ahead around the world.

People are converting their old ICE cars to EVs, conversion garages are appearing, and small numbers of main stream manufacturers are daring to make the move.

This proposal is to build a fully electric car, here in Kapiti, which will add to the already green image of The Nature Coast.

This nonprofit project will help gain firsthand knowledge of EVs locally. This information can then be shared throughout the community via mentoring and collaborative projects.
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Introduction

The first electric cars were built around 1832, well before internal combustion powered cars appeared. For a period of time, electric cars were considered superior due to the silent nature of electric motors compared to the very loud noise of the gasoline engine.

The disadvantages of electric cars were their range due to limited battery life, and time to recharge these batteries. So they had to wait for the introduction of modern semiconductor controls and improved batteries.

That time has long since come.

Lithium batteries, high capacity charges, and regenerative braking are all features available for EVs today.

At the Energy Efficiency and Conservations Authority (EECA) annual fourth Biofuels and Electric Vehicles Conference 2008 (EECA 2008) held in Te Papa, Wellington, the reality of electric vehicles was heavily praised. According to Meridian Energy, 2010 is going to be the gold year.

Electric car designs such as the Venturi Fétish (VENTURI 2008) are able to accelerate from 0-100 km/h in 4.0 seconds with a top speed around 210 km/h. Others have a range of 400 km on the motor way only requiring 3 1/2 hours to completely charge.

The Tesla Roadster (TELSA 2008), currently in production, is a fully electric sports car. The car can travel 393 km on a single charge of its lithium-ion battery pack and accelerate from 0-100 km/h in 3.9 seconds. The Roadster's efficiency, as of September 2008 is reported as equivalent to 51 km per litre. That is 2 times as economical as a Toyota Prius.

More close to home, Hyundai New Zealand will be selling an electric version of the Getz from November 2008.

And there are thousands of successful case studies like this around the world.

The documentary “Who Killed the Electric Car” by Chris Paine (PAINE 2006) opened my eyes to the future of this planet. Our planet can no longer sustain the resources we are using and the damage we are doing.

We need to start producing electric vehicles now.
Background
The steam engine was the only way to get around in the 1700 to 1800s. During this time steam engines ware improved by increasing the pressure and use less coal. However even at their peak of technology, they did not ever exceed being more than 5% energy efficient. All energy was lost as heat and noise.
In the 1800s the internal combustion engine was invented and, due to its convenience, quickly became the standard way to travel. Like their big brother the steam engine the ICE have also had vast improvements over the years, fuel injection, turbo charges, etc. All these efficiency aids have only been able to increase energy efficiency to 15-20% in the most modern cars.
There is now 1 car per every 11 people in the world (590 million passenger cars), in New Zealand 7 cars per every 10 (M.O.T. 2007).
And these cars have a cost, for every liter of fuel consumed 2.5 kilograms of Carbon Dioxide (CO2) is produced.
So for a population the size of Kapiti (50,000), and based on the average annual driving distance 12,250 km (M.O.T. 2007), we put into the atmosphere 1,071,875 tonnes of CO2 every year!
Electric motors have been around for a very long time. Their power and efficiency is also well known and utilised throughout the industrial world.
The argument for not producing electric vehicles has always been the deficiencies of the batteries. “They are not powerful enough”, “They are too expensive”, and “You are only shifting the pollution from the tailpipe to the power plant”.
The truth is far from this, lithium batteries can propel a vehicle just as fast if not faster than petrol cars. The Telsa is a production example (TELSA 2008). And the X1 prototype made by Ian Wright is a great custom example; it can accelerate from 0-100 km/h in 3.07 seconds (Wrightspeed 2008)!
Yes the price of batteries is currently still expensive. But there are more and more options becoming available. Basically:
To buy a complete set of Lithium Ion (Li-Ion) batteries for an average electric vehicle that can go over 100km/h and travel for 150km it will only cost about $15,000 NZD. 

The more common choice for EVs is Lead Acid (PbA) Deep Cycle batteries (similar to those used in golf carts and solar power systems). For an average car it will only cost about $2500 NZD. These weigh about twice as much and have about half the power as the Lithium batteries
The Nickel Metal battery rang is still relatively new. They are quite expensive, about $10,000 for an average car but will last for the life of the car. These are used in the Toyota Prius. 
As the demand for batteries increases the price will of course decrease.

EVs do shift pollution from the tail pipe to the power plant. However electricity is a sustainable resource that can be generated in environmentally friendly ways, wind, solar, tidal, etc. But more importantly electricity is a renewable resource, it can be created now. Oil, in comparison, takes 30 million years to create!

Description
Goals and Objectives
Goal 1

Gain sufficient information and required resources to complete a fully electric car conversion.

Objective 1.1 – Gather information about electric car conversions from many different sources. These sources will include EV conversion books, websites, and persons with experience.

Objective 1.2 – Take any required study courses to gain sufficient knowledge of electronic components, design, and safety.
Objective 1.3 – Clearly document and specify the details and options available for electric car conversion.

Objective 1.4 – Identify work required to be outsourced and gather suitable options.

Objective 1.5 – Purchase and prepare a suitable vehicle to convert.

Objective 1.6 – Purchase and install EV components.

Goal 2

Inform and involve the community with EVs.

Objective 2.1 – Display the converted EV at public locations, such as Coastlands Mall or Southwards Car Museum, and local events.
Objective 2.2 – Demonstrate and allow the general public to test drive the EV.

Objective 2.3 – Share information and gains experience on electric car conversions.
Goal 3

Mentor other persons who also want to convert ICE cars to EV.

Objective 3.1 – Advertise my services in the local papers and radio stations.

Objective 3.2 – Share the experience of building EVs with other enthusiasts.

Objective 3.3 – Assist them with the building of their own electric vehicles.

Methods

To achieve the main goal of this project as much information about EV conversions will need to be gathered. This will be done by:

· Constant communication with companies that producers and/or converters EVs.
· Direct communication with suppliers of EV components.

· Communicating with similar persons who have/or are converted an EV.

· Research the options available for conversion. Price comparison.

When the decision is made on the vehicle and components required the process of converting an ICE vehicle to electric is as follows (if applicable):

1. Take Pre-conversion measurements

· Vehicle weight

· Front axle weight

· Rear axle weight

· Front ground clearance

· Rear ground clearance
· Engine & transmission centerline
2. Prepare for dismantling

· Have air-conditioning refrigerant removed for recycling

· Clean engine compartment and underside of vehicle

· Find buyer for engine while they can still check it out running

· Run gas tank dry

· Label wiring harness
3. Dismantle

· Disconnect and remove battery

· Drain and properly dispose of antifreeze and engine oil

· Disconnect wiring harness

· Remove engine (retain until design measurements are taken)

· Remove cooling system

· Remove exhaust system

· Remove fuel system
4. Design new systems

· Motor support (using engine & transmission centerline measurements)

· Motor to transmission adapter (using engine & transmission measurements)

· Power Steering

· Air-conditioning

· Battery support, containment and ventilation

· Layout of components

· High current wiring

· Low current wiring
5. Order or fabricate vehicle-specific components

· Motor to transmission adapter

· Motor mounts

· Bracket for power steering pump

· Bracket for air-conditioning compressor

· Battery support, containment & ventilation
6. Order motor and motor clamp/mount
7. Install motor

· When motor arrives, run (seat) brushes using 12 volt battery

· Mount flywheel to motor and bench test for balance and vibration using 12 volt battery

· Install motor using motor-to-transmission adapter and motor mount

· Elevate drive wheels and test drive train using 12 volt battery

8. Order off-the-shelf conversion components
9. Install mechanical systems (except suspension modifications)

· Air conditioning

· Power steering

· Vacuum system
10. Install battery boxes

· Mount boxes securely to vehicle frame

· Provide reinforcement if any modifications are made to vehicle structure

· Install battery insulation

· Install battery heating

11. Install high-current components

· Controller

· Contactor(s)

· Circuit breaker

· Fuse(s)

· Shunt(s)
12. Install low-current components

· Throttle pot box

· Controller pre-charge resistor(s)

· Auxiliary battery

· DC-DC converter

· Auxiliary fuse panel

· Instrumentation

· Speedometer

· Tachometer

· Amps

· Volts (battery pack)

· Volts (auxiliary system)

· Link-10 meter

· Motor temperature

· Controller temperature

· Heating

· Air-conditioning wiring

· Vacuum pump, switch, etc. to restore power brakes

· RPM limiter

· Inertia switch

· Controller cooling pump for fans

· Battery charger

· Battery charger interlock
13. Purchase batteries
14. Install batteries

· Batteries

· High-current cabling

· Battery management

· Battery box ventilation
15. Stationary testing

· Subsystems

· Drive train
16. Upgrade suspension (compare post-conversion to pre-conversion measurements)

· Overload springs

· Heavy-duty anti-sway bars

· Heavy-duty suspension bushing

· Heavy-duty shock absorbers
17. Reduce rolling resistance

· Low rolling resistance tires

· Use synthetic lubricants in axle(s) & transmission or transaxle

· Align front end with zero toe-in

· Close grille opening
18. Insurance
19. Certification
20. Road Test
Budget
This budget is based on similar projects done in New Zealand (GAVIN, 2008). and around the world (EV Album, 2008).
It is currently an approximation until final decision on vehicle and the components has been performed.
Time, outsourcing costs, equipment rental, import taxes, and freight not included.
	Vehicle (small, light, minimal computer components)

	$500-5,000

	
	

	Electric Motor
	$3,000

	Controller
	$2,500

	Batteries

Inexpensive (Lead Acid) - Expensive (Lithium)
	$2,500-15,000

	Charger
	$2,000

	Gearbox/Motor Adapter Plate
	$1,000

	Pot Box
	$100

	Circuit Breaker
	$175

	Contactor
	$100

	High Voltage Fuses and Relays
	$250

	DC/DC Converter
	$200

	Main Cable (12m)
	$200

	Voltmeter
	$25

	Ammeter
	$50

	Brake Vacuum Pump
	$100

	TOTAL (approx.)
	$10,000 – 25,000
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