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DRAFT For comment and suggestions

Technologies and costs for vehicle conversions: ICE to PHEV, ICE to BEV, HYBRID to PHEV

This is by Ron Gremban CalCars Technology Lead, with some additions from Felix Kramer, as of 8/25/09. It starts with the introductory explanation by Al Cornier from Electric Mobility Canada about the document to which we responded with these comments. We plan to publish them as a general discussion, and would appreciate feedback ASAP: fkramer@calcars.org, rgremban@calcars.org, al.cormier@emc-mec.ca.

Background (by Al Cornier)

On July 15, 2009, the Premier of Ontario, Dalton McGuinty and his Transportation Minister Jim Bradley announced rebates to Ontarians for the acquisition of Plug-In Hybrid Vehicles (PHEVs) as well as for Battery Electric Vehicles (BEVs).  These rebates, ranging up to $10,000, are to begin on July 1, 2010. See attachment 1 for more information on the announcement. 

At the presentation, Electric Mobility Canada’s Executive Director Al Cormier suggested to Minister Bradley that the rebates should also extend to conversions of internal combustion engine vehicles (ICE’s) to BEV or for conversions from HEV to PHEV. EMC added that supporting such conversions could create jobs in Ontario now through companies currently involved or planning to be involved in vehicle conversions or in through the supply of components and services required for conversions. 

Following the presentation, EMC wrote to the Minister confirming its views that the rebates should be extended to conversions. 

On July 29, staff in Minister Bradley’s office contacted EMC with the following 4 questions. In their request, they added that any information EMC could provide would help the Ministry in thinking through the inclusion of conversions in the rebate program.    The four questions they posed are:

1. What would say you (ballpark) is the cost to convert an average mid-size car from ICE to PHEV?

2. Same as above, but from ICE to BEV

3. Same as above, but from hybrid to PHEV or BEV

4. Do you have a list of other Ontario companies that can currently do the conversion?

CALCARS: General conversion considerations 
(To be read first, as subsequent comments on individual types of conversions depend upon them):

Battery packs:

A. Battery generalities

a. General

i. Electric vehicle batteries are composed of many cells wired together, along with a physical housing, an electronic battery management system (BMS) to keep the cells in balance and prevent overcharge and over-discharge, and a thermal management system to keep cell temperatures healthy and similar.  These systems add cost, size, and weight, thereby reducing pack-level capabilities to something less than that of individual cells.

ii. Most batteries require restricted ranges of state-of-charge (SOC) -- between 50% and 80% -- in order to meet cycle life goals, meaning that the energy available for repeated use is less than the battery manufacturer’s nameplate kilowatt-hour (kWh) rating.  Manufacturers of warranted electric propulsion systems electronically restrict charge and discharge to this SOC range.  For example, only 8 kWh of the Chevy Volt battery pack’s 16 kWh nameplate capacity is ever used.

We call the battery pack capacity that can actually be used while preserving required cycle life pack-level ‘useful-kWh’.  It is a much better measure than nameplate capacity for propulsion purposes, as it is this useful-kWh that determines vehicle range, and therefore battery pack weight, size, and cost.  NOTE:  All further estimates and calculations in these comments are done using pack-level characteristics, including useful-kWh, not battery manufacturer nameplate kWh.
iii. Power requirements are also important.  BEVs and blended-mode PHEVs generally require maximum transient discharge capabilities around 5C, or 5 times an hourly discharge rate.  For PHEVs with pure EV range, also called series hybrids or extended-range electric vehicles (EREVs), peak power demands, because they are as high as for a pure EV, but with a smaller pack, can approach 20C, requiring batteries that are heavier and more expensive per useful-kWh.

iv. Though there are many promising exotic chemistries and variants – and even non-battery possibilities such as eestor’s fantastic and possibly real capacitor technology – we’ll present here only batteries in current production or (in one case) very nearly so.

B. Lithium-ion (Li-ion)

a. General considerations

i. Due to high specific energy and other desirable characteristics, Li-ion is generally considered the only viable family of battery chemistries for PHEVs and BEVs, though for PHEVs there are actually other possibilities, to be discussed below.

ii. ‘Li-ion’ refers to a bunch of related Li-ion chemistries, each with advantages and disadvantages, including levels of specific energy, specific power, safety characteristics, calendar and cycle life, cost, etc.  Though some require more pack-level features to insure safety than others, safe packs can be made from any sub-chemistry, as Tesla Motors has shown by incorporating laptop Li-ion cobalt cells, which are prone to spontaneous thermal runaway.  Also, most sub-chemistries contain little if any hazardous materials, and recycling programs are already developing.

iii. Many Li-ion cells now available are projected to last a vehicle’s 10-15 year lifetime, but the rate of innovation has far outpaced the rate at which lifetimes can be verified in the laboratory, let alone in vehicles, slowing progress and making lifetime warranties risky.

iv. Li-ion packs all require extensive cell-by-cell battery monitoring and management systems, which need to be figured, along with safety features and thermal management, into the price of battery packs.

v. Major innovations are still occurring in Li-ion chemistries, so specific energy and other characteristics should keep improving rapidly, while costs decrease.  A factor of 2 improvement in specific energy and cost in the next 5 years is not unlikely, making 40-mile PHEVs and 200-mile BEVs as easy to build as those with half those ranges today.  However, this pace of innovation potentially makes today’s and tomorrow’s production plants too-quickly obsolete, and makes lifetime verification extremely difficult and warranty risks high.

b. Specific energy and power

i. Current Li-ion packs provide a very wide range of 50-125 useful-Wh/kg as well as PHEV power requirements of up to 20C (usually along with the lower useful-Wh/kg values).  This specific energy range provides for the range of pack weights in vehicle examples further below.     Extreme specific energy examples:

· Tesla:  52.8 useful-kWh, 4C, 409 kg, 129 useful-Wh/kg

· Volt:  8 useful-kWh, 19C, 170 kg, 47 Wh/kg (nameplate capacity is 16 kWh, yielding 9.5C and 94 Wh/kg, meaningless at the vehicle level)

c. Pricing

i. In quantities of 100s of packs, complete pack costs, including BMS, now hover around $1000-1200/useful-kWh, or around $5k-6k for 10 miles of light truck or 20 miles of sedan EV range.

ii. In automotive quantities of tens to hundreds of thousands of packs, auto manufacturers are getting quotes of around $500-600/useful-kWh, but such quantities require construction of new cell and pack manufacturing plants, investment capital, and a couple of years of lead time, especially since Li-ion manufacturing requires near integrated-circuit-like chemical purity, clean-room standards, and post-production testing for good yields and high quality.

C. Nickel-metal-hydride (NiMH)

a. General considerations

i. Currently used in all hybrid vehicles, this is a mature chemistry with demonstrated safety, longevity, and other necessary EV characteristics – and existing large scale production facilities (Cobasys, for example, has U.S. factories built during California’s ill-fated ZEV mandate and virtually never used).

ii. There may be restrictions for large scale propulsion system use in North America due to restrictions Chevron’s subsidiary ECD, which owns the major patents, has placed on licensees except Gold Peak, whose agreement predates such restrictions (We don't know if Chevron’s very recent sale of ECD’s subsidiary Cobasys changes this picture.)

iii. Unlike its nickel-cadmium predecessor, NiMH cells generally do not contain hazardous materials, and recycling programs already in progress.

iv. BMS and thermal management requirements are less onerous than for Li-ion.

b. Specific energy and power

i. Pack energy capabilities are 30-50 useful-Wh/kg, with power capabilities between 4C-10C (30C for some high-power hybrid batteries).  Thus, a PHEV sedan with a 20 mile EV range (see below) would require a 5 useful-kWh pack weighing 100-167 kg (220-367 lb), heavy but possible.

c. Pricing

i. Pack costs are $1000-1200/useful-kWh in quantities of 100s of packs, making a 5 useful-kWh pack cost $5000-6000, near the cost for the same quantity of Li-ion packs.

ii. Due to product maturity and high materials vs. manufacturing costs, higher volumes and future developments are not expected to reduce costs more than 20% or so.  In fact, current NiMH prices are volatile due to the volatility of nickel prices (most nickel is used for making steel).

D. Nickel-zinc (NiZn)

a. General considerations

i. NiZn cells with specific energy and power comparable to NiMH have been sporadically on the market at around half the price.  However, cycle life has been a problem.

ii. Recently, at least two manufacturers have announced products with reportedly better cycle life.  The validity of the claims is unknown, but this is a potentially viable chemistry for 20-EV-mile PHEVs.

E. Lead-acid (PbA)

a. General considerations

i. PbA batteries have been the traditional BEV power pack.  Their limitations are largely what gave BEVs their reputation as slow, ponderous, short-ranged, and short-lived.

ii. Though (due to their low initial cost) used in CalCars’ first Prius PHEV conversions, ordinary PbA batteries do not meet today’s standards for either BEVs or PHEVs, due to specific-energy (<25 Wh/kg at EV discharge rates) and cycle life (<500 cycles) limitations, significantly lowered capacity at high power (Peukert effect), poor cold temperature performance, loss of capacity due to sulfation whenever left at less than full charge (requiring hours of taper charging) for as little as a day or two, etc.

iii. BMS and thermal management requirements are even less onerous than for NiMH.

iv. PbA batteries are already produced in automotive quantities, and many factories are currently idle due to the major slowdown in new vehicle production.

v. Lead is toxic, but recycling rates already exceed 97% in the U.S.

b. Firefly advanced PbA with carbon-foam plates

i. Firefly Energy has developed a variation using carbon foam instead of heavy lead plates that uses much less lead, eliminates sulfation, and increases specific energy, power, and cold performance.

1. Those currently in production are sold for tractor-trailer hotel load electrification.  Only one of the two plates is foam, already doubling cycle life and increasing specific energy by 20% or so.

2. The two-foam-plate version being productized may well last a vehicle’s lifetime and outperform NiMH at close to the $150/kWh cost of traditional PbA batteries, making them a strong choice for 20-mile PHEVs, including conversions.

F. Vehicle energy, power, range, and weight

a. We are defining sedans as those vehicles that qualify under U.S. CAFÉ standards as ‘passenger vehicles’, and ‘light trucks’ as those that are regulated as ‘trucks’ in the light vehicle category.  These include pickup trucks, SUVs, and light passenger vans.

b. General energy requirements

i. Energy requirements for driving a sedan or light truck electrically are expected to be essentially the same for both PHEVs and BEVs, and will therefore not be broken out separately.  Due to greatly increased wind resistance, highway driving requires more energy than city driving, but only modestly so, because of the costs of stop-and-go driving.  We will consider combined driving cycles, somewhat weighted toward city driving, as BEVs still have relatively short range and long-distance PHEV driving will still burn liquid fuel.

ii. When driven electrically, combined city and highway Prius energy requirements from the battery are 259 Watt-hours per mile (Wh/mi), calculated from Argonne National Laboratory dynamometer testing of Prius PHEV conversions, as will be reported in CalCars’ upcoming white paper on laboratory-supported calculation of EV Energy Efficiency Ratios.

iii. Derivative calculations for a 2009 Toyota Camry (very close to a CAFÉ-average passenger car) and 2009 light trucks in general provide 342 and 466 Wh/mi respectively.

iv. We therefore will use the following as typical electric fuel economy figures:

1. For sedans, 350 Wh/mi (0.35 kWh/mi)

2. For light trucks, 500 Wh/mi (0.5 kWh/mi)

v. Due to various inefficiencies, 20% more energy per mile may be required from the power grid, but this does not affect battery costs or sizing.

c. PHEVs

i. EV Range:  Since the average daily distance driven in the U.S. (probably nearly the same in Canada) is 30 miles, PHEVs with as little electric (EV) range as 10 miles can displace significant amounts of gasoline.  While the sweet spot for new PHEVs may be as high as 30 miles, 20 miles of EV range is likely to be a good compromise for most conversions, and will be used for the following calculations.

ii. Pack sizes:  At 0.35 kWh/mi, a sedan PHEV with 20 mile EV range will need a 7 useful-kWh battery pack; a PHEV light truck, 10 useful-kWh.

iii. Pack weights

1. At 50-125 Wh/kg (see above), Li-ion packs would weigh 56-140 kg (125-310 lb) for a sedan and 80-200 kg (175-440 lb) for a light truck – generally acceptable added weights.

2. At 30-50 useful-Wh/kg, lower energy chemistries such as NiMH, NiZn, and carbon-foam PbA could still achieve 12-20 miles’ EV range at the maximum Li-ion weight!

3. Light truck PHEV conversions could use a pack of inexpensive ($1700 if $200/useful-kWh) first-generation Firefly carbon-foam PbA modules to provide 17 miles of EV range (see PHEV notes below) from an 8.4 kWh pack of 10 modules weighing 327 kg (720 lb, 26 Wh/kg).  By the time they wear out in 2-4 years (at 1 charge/day), they could be replaced by second-generation all-foam modules for more range and longevity as well as less weight, at much higher-volume near-term availability and much lower initial cost than Li-ion – and a total cost-of-ownership still likely to be below that of Li-ion.

iv. Charging times

1. Anything up to a 20-EV-mile PHEV light truck’s 10 kWh pack can be charged in 8 hours overnight from an ordinary 120VAC, 15A household outlet ("level 1").

2. Anything up to a 40-EV-mile PHEV light truck’s 20 kWh pack can be charged in as little as an hour or two from a 240V, 80A "level 2" EV charge point.

d. BEVs

i. Due to weight issues and low relative power requirements, BEVs will probably use only Li-ion battery packs with high specific energy, let’s say 110 Wh/kg (the current maximum is 129 Wh/kg).

ii. Currently, car manufacturers' sweet spot for new Li-ion EVs is 100 miles of range.  This requires a 35 useful-kWh pack (est. 320 kg / 700 lb) for a sedan; 50 useful-kWh (minimum 455 kg / 1000 lb) for a light truck, substantial but possible for purpose-built BEVs.

iii. Due to both weight and cost considerations, BEV conversions will probably have ranges between 50-75 miles.  Even the lower end may be plenty for many specific driving regimes – such as certain fleet trucks and commuting sedans – though well over 100 miles would be necessary for truly general-purpose vehicles.

iv. A 50-75-mile BEV sedan will need a 17.5-26.3 useful-kWh pack, weighing an est. 160-240 kg (350-525 lb); a similar light truck, a 25-37.5 useful-kWh pack, weighing 225-340 kg (500-750 lb).  Remember, the ICE drivetrain will be removed, lessening added weight.

v. Charging times

1. A 50-mile BEV sedan could charge in 10-12 hours overnight from an ordinary 120VAC, 15A household outlet; a 100-mile one in as little as 1.5 hours from a level 2 EV charge point.

2. Even a 100-mile BEV light truck with a 50 useful-kWh pack can charge in as little as 3 hours from a level 2 EV charge point.

Note that CalCars’ is providing pricing estimates at two volume levels:  hundreds of conversions (of a particular type) and tens of thousands.  We have more faith in the trends than in the specific volumes at which they will occur, which could require less than or up to ten times the expected volumes (thousands vs. hundreds, and hundreds of thousands vs. tens of thousands).

1.
What would say you (ballpark) is the cost to convert an average mid-size car from ICE to PHEV?

Though no one has yet done more than a very few ICE->PHEV conversions, we at CalCars believe that this is becoming feasible – especially for the light trucks, SUVs, and larger vehicles that now comprise half of the light-duty vehicle fleet and well over half of the fuel consumption – and will be the most important form of conversion, and source of PHEVs, for the next decade or two while auto manufacturers ramp up plug-in vehicle production far more slowly than required for our energy and environmental needs.  This is because vehicles stay in use for nearly 20 years; 99% of existing vehicles are non-hybrids; and a decade from now, 95% of existing vehicles will still be non-plug-in even if plug-in manufacturing ramps up at a rate many times as fast as hybrids have – fast enough to meet Obama’s goal of 1 million plug-in vehicles on the road in the U.S. by 2015.  ICE->BEV conversions will be a part of this mix, too, but, with high battery costs and limited range, cannot satisfy all general-purpose needs.

Here are a few examples of ICE->PHEV conversion techniques that do not require the expensive replacement of the whole ICE drivetrain (see http://www.calcars.org/ice-conversions.html for links) :

a. Hybrid Electric Vehicle Technologies (HEVT) attaches an AC motor/generator to the rear of a rear-wheel-drive vehicle’s differential, which allows both pure electric and parallel hybrid drive, along with strong regenerative braking.  A sophisticated control system uses driver input to control the electric and ICE propulsion systems, as with an OEM series/parallel HEV or PHEV.  This has so far been done on an F-150 pickup truck, as a proof of concept for the entire F-x50 family and similar pickups from other OEMs, and is the basis for HEVT's detailed proposals for school and transit buses, giving them pure electric range followed by much improved gasoline mileage.  In volume, it could be done at prices not dramatically above those for HEV->PHEV conversions (see general price considerations below).

b. Bright Automotive plans to add motor/generator(s) to the unpowered wheels of small delivery vans, along with an electric/ICE control system similar in concept to that of HEVT, with potentially similar results.

c. Poulsen replaces hubcaps on sedans with hub motors.  So far, their (low torque) hub motors and their (manual on/off with no regenerative braking) control system limit overall capability to highway driving assist, providing maybe 15% mileage improvement and little if any in city driving.  However, the basic concept is mechanically simple and elegant, and far more capable hub motors are available, increasingly so as markets for them begin to develop.

What these conversions have in common is the following:

a. The OEM ICE powertrain is retained.

b. One or more motor/generators, along with their control and power electronics, are added in a way that is reasonably simple and inexpensive.

c. The ICE is electronically controlled to interact constructively with the added electric propulsion components (the Paulsen system doesn’t do this, but could conceptually).

The cost factors in addition to those involved in doing a HEV->PHEV conversion are as follows:

a. NOT additional is the battery, still the largest single non-labor expense, and essentially the same size and price as for an HEV->PHEV conversion.  As indicated in the general discussion above, in quantities of hundreds of packs, this would cost around $7k-8k for a 20-EV-mile sedan PHEV conversion, $10-12k for a light truck.  The charger, too, is not additional.

b. The cost of the motor/generator, its control and power electronics, its mechanical connections and mounting, and their installation are additional.  Altogether, this can equal the price of the battery pack and will probably fall similarly with mass production, adding $7k to $10k today – half that eventually –to an ICE->PHEV conversion, over and above the cost of a HEV->PHEV conversion.

c. The largest additional challenge will be the one-time R&D expertise, time, and expense required to perfect the ICE/electric control system.  HEVT had a head start due to being a spinoff of the Illinois Institute of Technology’s electric vehicle power control academic program.  Due to startup costs, HEVT is currently charging one-off prices over $50k for F-150 conversions, with estimates of volume pricing (units of 100,000) as low as $15k. Bright appears to have a similar head start from engineers that worked on Ford and/or other OEM hybrid vehicle programs.

Based on the costs of HEV->PHEV conversions (see discussion and tables below), and these additional expenses, our estimate is that pricing for ICE->PHEV conversions that do not replace the OEM ICE, now around $75k in quantities of several, will fall to the following:

	Vehicle
	Useful-kWh
	100+ HEV-> PHEV
	Add’l @ 100+
	100+ Price
	10k+ HEV-> PHEV
	Add’l @ 10k+
	10k+ Price

	Sedan
	7.0
	$14k
	$7k
	$21k
	$7.7k
	$3.5k
	$10.2k

	Light truck
	10.0
	$19k
	$10k
	$29k
	$10.5k
	$5k
	$15.5k


2.
Same as above, but from ICE to BEV

ICE->BEV conversions would seem to be easier and cheaper than ICE->PHEV conversions, but various things must be handled anew once the ICE is removed:  cabin (and battery) cooling and (especially) heating, and the powering of other items traditionally tied to the ICE such as power steering and brakes.  Our estimate is that the costs above that of the battery pack will be similar to those for ICE->PHEV conversions.

Here are our price estimates for BEV conversions (pack prices exclude the 7 useful-kWh included in sedan ICE->PHEV conversions and the 10 useful-kWh included in light truck ICE->PHEV conversions:

	Vehicle
	Range, useful-kWh
	kWh beyond ICE-> PHEV
	Add’l pack @ $1k/
	100+, ICE-> PHEV
	100+ Price, $k
	Add’l pack @ $600/
	10k+ ICE-> PHEV
	10k+ Price, $k

	Sedan
	50 mi, 17.5
	10.5
	$10.5k
	$21k
	$31.5
	$6.3k
	$10.2k
	$16.5

	Sedan
	75 mi, 26.3
	19.3
	$19.3k
	$21k
	$40.3
	$11.6k
	$10.2k
	$21.8

	Sedan
	100 mi, 35
	28
	$28k
	$21k
	$49
	$16.8k
	$10.2k
	$27

	Light truck
	50 mi, 25
	15
	$15k
	$29k
	$44
	$9k
	$15.5k
	$24.5

	Light truck
	75 mi, 37.5
	27.5
	$27.5k
	$29k
	$56.5
	$16.5k
	$15.5k
	$32

	Light truck
	100 mi, 50
	40
	$40k
	$29k
	$69
	$24k
	$15.5k
	$39.5


REV (http://www.rapidelectricvehicles.com/) has announced 80-100-EV-mile light truck electric drive kits (starting with Ford Escapes, Ranger, and F-150 conversions) for $49k, including installation training, a price they are hoping to reduce to $30k by the end of 2009, with leasing a possibility.  This is very aggressive range and pricing relative to our estimates above, indicating that REV must already have high-volume contracts in place with battery, motor, and electronics manufacturers.  It is also possible that REV is counting on getting some value from the sale of the ICE drivetrain it removes. See http://alternativeenergy.com/profiles/blogs/fleets-likely-to-spur-clunker for more from REV and others.

3.
Same as above, but from hybrid to PHEV or BEV

Here are some current HEV->PHEV prices, along with related performance data (see http://www.calcars.org/howtoget.html for summaries).  Hymotion has several hundred conversions in the field; it is believed that no other manufacturer has yet reached 100.  Note that Prius conversion ranges below are calculated at the 259 Wh/mi CalCars calculated from Argonne National Labs dynamometer testing of the Hymotion and PICC conversions.  All manufacturers list, and most drivers get, better city EV range than these numbers.  Also, the Prius has only ¾ the drag of the average 350 Wh/mi sedan specified above, and 52% that of a 500 Wh/mi light truck.

a. Hymotion (http://www.a123systems.com/hymotion) L5 (2004-9) Prius conversion:  A blended-mode conversion with an A123 Li-ion iron phosphate battery pack of approx. 4.5 useful-kWh, for 17 miles of equivalent EV range.  $10.4k installed.

b. Plug-in Conversions Corp. (PICC, http://www.pluginconversions.com/) (2004-9) Prius conversion:  A blended-mode conversion with EV maximizing, a limited pure EV mode up to 70 mph, and a 4.2 useful-kWh Gold Peak NiMH pack for around 16 miles of equivalent EV range.  $13.5k installed.

c. Enginer (http://www.enginer.us/) (2001-10) Prius conversion kits:  Low-cost blended-mode (very minimal EV capabilities) conversion kits with a 2 kWh or 4 kWh low voltage Li-ion iron phosphate battery pack.  Useful-kWh is unknown but presumed to be 1.6 or 3.2 for 6 or 12 miles of equivalent EV range.

d. Plug-In Supply Inc. (http://www.pluginsupply.com) (2004-9) Prius conversion kits:  Blended-mode kits with a limited pure EV mode up to 52 mph and a choice of battery packs, with uninstalled prices given:  5 kWh PbA (for $5k), or 4 (for $8.5k)or 10.2 kWh (for 12k) Li-ion iron phosphate.  The PbA pack is 2.4 useful-kWh for 9 miles of equivalent EV range; the other useful-kWh ratings are unknown but may be 3.2 and 8.2 useful-kWh respectively, for 12 and 32 miles of equivalent EV range.

Here is a table (installed prices are estimated where unknown; Enginer conversions are low-capability; ‘Range’ is equivalent EV miles at 259 Wh/mi; PbA pack price is est. at $400/useful-kWh):

	Conversion
	Useful-kWh
	Range, est. mi
	Price installed
	Est. pack @ $1k/useful-kWh
	Remaining Price

	Hymotion L5 Li-ion
	4.3
	17
	$10,400
	$4300
	$6100

	PICC NiMH
	4.2
	16
	$13,500
	$4200
	$9300

	Enginer Li-ion
	1.6
	6
	$3000
	$1600
	$1400

	Enginer Li-ion
	3.2
	12
	$4000
	$3200
	$800

	PIS PbA
	2.4
	9
	$6000
	$960
	$5040

	PIS Li-ion
	3.2
	12
	$9500
	$3200
	$6300

	PIS Li-ion
	8.2
	32
	$13,500
	$8200
	$5300


Current HEV->PHEV conversion pricing can be said to be in volumes of 100s, and, as seen above, is in general around $6k above a similar-quantity battery price of $1k/useful-kWh.  The table below shows our predicted installed conversion pricing for previously-discussed 20-EV-mile HEV->PHEV conversions of ‘average-sized’ vehicles:  

	Vehicle
	Useful-kWh
	Pack @ $1k/
	Add @ 100+
	100+ Price
	Pack @ $600/
	Add @ 10k+
	10k+ Price

	Prius
	5.2
	$5.2k
	$6k
	$11k
	$3.1k
	$3k
	$6k

	Sedan (e.g. Camry)
	7.0
	$7k
	$7k
	$14k
	$4.2k
	$3.5k
	$7.7k

	Light truck
	10.0
	$10k
	$9k
	$19k
	$6k
	$4.5k
	$10.5k


Though HEV->PHEV conversions are the easiest, low-hanging fruit, less than 1% of current vehicles are hybrids, and even before conversion, these "gas-sippers" use far less fuel per vehicle than the rest of fleet – so while HEV->PHEV conversions are great for building awareness, dissemination of PHEV technology, and because early deployment of provides previews of future charging and driving environments and behavior patterns, their value in actually reducing overall oil consumption and carbon emissions is quite limited.

a) In terms of limited value, the same factors noted above for HEV->PHEV conversions are even more true for HEV->BEV conversions.  In fact, though it is no doubt easier than envisioned above, as strong hybrids’ motor-generators can probably be reused, there is little reason to convert HEVs into BEVs instead of into PHEVs, or even HEVs instead of ICEs into BEVs.
 

4. Do you have a list of Ontario companies that can currently do the conversion?

Conversion kit manufacturers are spread across North America. We are working to expand the list currently at http://www.calcars.org/ice-conversions.html , Each conversion manufacturer’s products have specific capabilities often unduplicated by others.  However, once incentives are confirmed, we have no doubt that they will be more than willing to set up and train qualified installers in Ontario.
