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Introduction

“Studies about the impact of electric vehicles are all over the map, according to an assessment
commissioned this year by the U.S. Department of Energy. Estimates of market penetration of electric
vehicles by 2050 ranged from zero to almost 90 per cent, a conference on electric vehicles heard
Tuesday. ” Electric Vehicle Impact “impossible” to Predict, The Montreal Gazette, Lynn Moore, September 28" 2011.

The varied and disparate forecasts are an indication of an industry in a state of flux.

We have no doubt, that someday electric powered vehicles will be the primary source of ground
transportation. It will happen sooner than many expect, certainly for the short haul consumer market.

Although a few “green” early adopters will acquire electric vehicles as a way to reduce their own carbon
footprint, consumers will not jump on the “green” bandwagon, unless they can save money.

The drive to electrification will be driven by the perceived savings from driving an electric vehicle versus
a traditional gas or diesel fed vehicle. Reduction in fuel costs (note electricity is not free and the cost is
going up) will be the main driver for behavioural change in the consumer market.

The 1973 oil crisis resulted in smaller, more fuel efficient vehicles. This was driven by the prediction of
substantial increases in fuel costs and dwindling supplies. The fact that many gas stations (in the US) ran
out of fuel or limited the amount you could purchase, at any one time, instilled fear in many consumers.



By the late seventies all was forgotten as fuel costs remained relatively inexpensive. The predictions
that we would run out of fossil fuel in the near term were proven to be wrong. Consumers started
buying large vehicles again. The SUV “gas guzzler” market exploded.

Today, pump prices are higher than they have ever been and will only increase. There is only a finite
amount of fossil fuels in the ground. Although new discoveries are being made, the oil is becoming
harder to get at, more expensive to find, extract and refine, driving the price up even further.

The EV market today is an early adopter market. The characteristics of an early adopter market are
unique and very different from a main stream market. Where early adopters are somewhat risk averse,
main stream buyers look for reduced risk and exposure. Early adopters buy on emotion and are less
concerned about cost.

When we look at product adoption and market evolution of electric vehicles, we can draw a number of
lessons and conclusions from high tech market. The high tech tablet market offers some interesting
historical parallels.

Does anyone remember PDA’s (Personal Digital Assistants)? There was a huge surge in interest in the
mid eighties, which died very quickly, when technological issues made the devices pretty much useless.
The technology and infrastructure had not matured enough to satisfy the needs of the users which again
are functionality, ease of use, product reliability and costs.

It wasn’t that the concept wasn’t a good one. Look where we are today with smart phone and tablets
like the IPhone and IPad. Most of the hurdles were not device related but rather infrastructure related.
Without applications, networks (bandwidth) and integration, value to the consumer was limited.

In the EV market, it’s not just about the vehicles although we all agree that weight and energy storage
are areas that need to be addressed more effectively. The challenge is implementing the entire back
end infrastructure for powering and charging EV’s. This will include everything from the power grid to
billing systems and regulatory challenges.

Emission Reduction

When fossil fuels burn they release greenhouse gases, which remain in the atmosphere, reducing the
rate at which heat is radiated from the planet into space. The result is global warming.

But that’s not all, when vehicles burn gas and diesel they spew out a lot of other very nasty stuff.



“In the Adelaide Airshed, (Australia) more than 87% of NOx emissions are from motor vehicles, and 36%

of particulate matter is generated by motor vehicles.” Technology for Sustainable Vehicles University of Southern
Australia February 2009

NOx refers to NO (Nitric Oxide) and NO2 (Nitrogen Dioxide). NOx are responsible for respiratory
diseases like emphysema.

Carbon dioxide also contributes to global warming. “Europe has set a CO2 emissions target of 120 g/km
by 2012, which corresponds to fuel consumption of 4.5 L/100km for diesel cars and 5.0 L/100km

For petrol cars, the target for 2020 is 95 g/km (European Union, 2007). Japan has set a similar target.”
Technology for Sustainable Vehicles University of Southern Australia February 2009

EV’s are significantly cleaner than traditional fossil fuel burning vehicles. Note that the degree of
emission reduction is variable and is directly related to how the electricity is produced.

Electrical Generation

Green House Gas Reduction

Reduction in Non GHG

Emissions
Hydro 98%-99% 99.9%
Combined Cycle Natural Gas 85% 99.5%
Conventional Natural Gas 73% 99.5%

Coal Burning

48%-60%

80%-92%

Source: Computer Modeling of Full Fuel Cycle Battery Electric Vehicle Emissions vs Current Internal Combustion Engine
Vehicle Emissions in the Lower Fraser Valley, 2005

Fuel Costs

It is not surprising that as fuel costs increases so too does the interest in EV’s and alternate fuels like our
NextFuel. One thing is certain, oil prices are not coming down. The chart below was developed from
data InflationData.com Historical Crude Oil Prices (Table) update in May 2011. The trend is obvious.
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Today, EVs continue to be comparatively costly. Inevitably, as electric vehicles begin to garner more
market share production costs will come down. More consumers will be encouraged to buy and more
money will be spent on R&D. The cycle continues feeding on itself until critical mass is achieved and the
mainstream market is engaged. Rapid growth will follow resulting in even more research and
development, improved performance, functionality and even lower costs.

Twenty five years ago a basic laptop sold for thousands of dollars. Today you can pick one up from Wal-
Mart for a few hundred dollars or less.

For now, “if the price can’t be dropped, manufacturers need to develop vehicles that make owners think

that every dime they’ve allocated to the vehicle was worthwhile.” What electric Vehicles Need To Do To Get
Better Acceptance, Auto Mod Centre, Feb. 2011

In the short term, that is, over the next 10 year, government subsidies and manufacturers incentives will
be required to stimulate demand.
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Energy Storage and Charging

Two critical issues and current impediments to growth in the EV market are energy storage (batteries)
and charging systems and solutions.

Electric vehicles today are limited by their range of around 150 km, depending on engine performance
and vehicle weight. The whole issue of range anxiety is a key road block to the proliferation of EV’s.
Most agree that if we can get closer to the 400 KM range that may be the trigger for many to consider
EV as a viable alternative. All the major makers have opted for Lithium-lon batteries to power their EV’s.

Examples of current Li-lon battery chemistry
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Source: Assessment of electric vehicle and battery technology, Delft, April 2011 Ecologic Institute (Next Alternative not on
original sourced chart.

“Despite this strong involvement, some questions remain about the Lithium-lon battery. The
technology is still imperfect. The weight and the reduced range of these batteries are an obstacle to the
large-scale success of EVS.” Electric Cars: The Battery Issue, Electrical Efficiency Magazine, May 30 2011



”Anne de Guibert from Saft (France) pointed out that the use of lithium-ion chemistries in large
batteries is still on a “learning curve”. In terms of performance, however, it would be the most
promising system. Report on the Joint EC/EP0SS/ERTRAC Expert Workshop 2010 Electric Vehicle Batteries Made in

Europe Version 2.0, 25 June 2011

“Currently, lithium-ion battery production is dominated by China, India, Japan and Korea, which make
the batteries for personal appliances. The first country to seize the market on the new advanced
version of the batteries for electric cars will have a major advantage -- and China has a head start, with
the world's largest market for the vehicles. There are now 30 electric-vehicle battery and component
factories under construction in the United States, 26 of them built with federal funding. Nine of these
are lithium-ion battery manufacturing plants, and four of these plan to be in production by the end of

this year.” US Government Investing Billions in Battery Technology for Electric Vehicles. naturalnews.com, 2011

Suggestions that the limited reserves of lithium could have a detrimental effect on the growth of EV’s
are not shared by all.

“If, as an extreme example, by 2040, all of the world’s 2 billion cars are EVs, the total lithium used would
be ~3 x 2 billion kg, or 6 million tons, which is equivalent to less than 25% of the world’s known reserves.

Hence, there does not appear to be any case for supply shortages.” Assessment of electric vehicle and battery
technology, Delft, April 2011 Ecologic Institute

In a recent article entitled, Top Ten EV Challenges, published in the June edition of Public Utilities
Fortnightly they identified several recommendation and initiatives including:

OSmart Packaging of Battery Cells: The need to further improve the performance of battery cells, e.g.
through improved electrochemical systems including post-Lithium technologies became obvious,

Reliability Testing of EV Batteries Predicting the lifetime, reliability and residual value of an electric
vehicle battery remains a major issue since the full life time performance of novel EV battery systems

like those based on Li-ion cells has never been studied so far. Top Ten EV Challenge®ublic Utilities Fortnightly
June D11



EV’s need to be charged. Unlike today you cannot pull up to a station and fill er up.

“In most cases, early adopters will install EV chargers for personal use in their homes — just like any
other large energy-using appliance, such as central AC or a new electric oven or dryer.” Keep the smart

grid away from my electric vehicle!, Larsh Johnson, Sept. 12 2011, e meter.
Public charging stations will roll out slowly as demand increases.

“A Department of Energy study found that the idle capacity of today’s electric power grid could supply
70 percent of the energy needs of today’s cars and light trucks without adding to generation or
transmission capacity—if the vehicles charged during off-peak times, somewhere between the hours of
9:00p.m. and 6:00 a.m. However, currently night time rates aren’t low enough compared to daytime
rates to change habits. Incentive-based pricing to motivate off-peak charging is important but not
sufficient. Consumers will plug-in whenever they get the chance due to fear of a depleted battery—a
phenomenon referred to as “range anxiety.” Top Ten EV Challenges Public Utilities Fortnightly June 2011

There are concerns however that long term, the power grid may not be able to support the proliferation
of EV’s. We are a power hungry society and EV’s are only one of the technologies that will be vying for
power from the utilities.

“Electric vehicle charging may overload parts of the electricity grid if too many vehicles are charging
simultaneously.” Technology for Sustainable Vehicles University of Southern Australia February 2009

“While some have concerns about whether home EV chargers might overburden the electric grid,
utilities have plenty of experience in load growth.” Keep the smart grid away from my electric vehicle! Larsh

Johnson, Sept. 12 2011, e meter.

You can argue whether they're coming in a wave or a trickle, but EVs are on the way — and Georgia
Power wants to be ready for them. “Georgia Power's Web site also offers information on the different
models hitting the market, how customers can prepare their homes for them, the locations of public
charging stations in the state and the country and how to pick the rate plan that best reflects their
lifestyles.” EVs and smart grid integration: Georgia Power's got a plan, Smart Grid news.com, June 2011



Many insist utilities will need to implement Smart Grids.

“Smart grids use sensors on transmission lines to analyse the performance of power generators on the
one hand and demand on the other, reducing the amount of power needed to meet consumption.”

OThere are about 90 pilot projects worldwide for the concept, which uses sensors to maximize the
efficiency of electricity networks and allow the integration of solar and electric vehicles, but they have

encountered a fundamental problem: there is no money in it® $mart grids lack cash incentive spark, Tom Ashby
and Clifford Coonan, The National, September 2010

Conceptually the idea of a smart grid makes a lot of sense. We are however nowhere near the level of
integration and interoperability necessary to make this happen seamlessly. This has less to do with EV
technology and more to do with the development of business models, open standards, business and
systems integration, to name but a few of the challenges. Given regulatory requirements it is inevitable
that governments, at all levels, will be involved further complicating the landscape.

With major players like GE and Nissan representing two key industry players, “signing a two-year
research collaboration to speed up the development of a reliable, robust smart charging infrastructure

to fuel mass market adoption of electric cars like the Nissan LEAF” value is created.

“GE and Nissan have identified two key focus areas for the research efforts. The first relates to the
integration of electric vehicles with homes and buildings. The second looks at electric vehicle charging

dynamics and the future impact on the grid once millions of electric cars are on the road.” GE, Nissan sign

R&D agreement to fast track broader adoption of e-cars, October 52011



