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1.  Introduction 
 
This paper analyses current market research concerning high efficiency, low emission powertrains.  
The paper includes consideration of advances in diesel and gasoline engines, but focusses on the 
development of hybrid electric vehicles (HEV) plug in hybrid electric vehicles (PHEV) and electric 
vehicles (EV).  The paper focusses mostly on developments in the USA and UK, but does consider 
developments elsewhere.  Analysis of diffferent powertrain architectures is contained in a separate 
document   “Powertrain Architecture Analysis”. Please note that a plug in series hybrid electric 
powertrain (e.g. Chevrolet Volt, due 2010) operates as an electric vehicles for average daily driving 
purposes, but has no range restrictions. 
 
2.  UK Market Research Summary 
 
A survey of 1,082 drivers British drivers by car insurance company esure (published Aug 08) has 
found that almost three quarters (71%) of UK motorists would consider driving an electric car. The 
poll also shows that high fuel prices and the economic downturn are combining to change 
motorists' attitudes, with nearly one fifth thinking about changing their car for a more efficient 
model. …….Biggest support for electric cars came from North West England where 75% would 
think about driving one. The survey also showed: 81% of under-25s would consider driving an 
electric car; It is thought that as well as environmental concerns the prospect of cheaper motoring 
free from rising petrol prices, congestion charges and road taxes is part of the appeal of 
alternative-fuelled cars for younger motorists. 
 
A survey (published Jun 08) carried out by the international automotive supplier Continental AG, 
among more than 8,000 motorists in eight major international markets; led by  Dr. Karl-Thomas 
Neumann, found that the British assume that there will be an average of €3,969 (£2,962) additional 
cost for environmentally friendly hybrid drives. 55.9 percent of British motorists are not prepared to 
pay more for a hybrid vehicle, but nearly two-thirds (62 percent) of British motorists assume that 
the purchase of a hybrid vehicle pays off after around three years. 40.8 percent would opt for a 
hybrid with lower fuel consumption and better acceleration than conventional engines. "This is just 
where hybrid drives perform best and really stand out," said Dr. Neumann. 
 
Research by DEFRA (2007) shows that consumers rank using cars less and using more efficient 
cars as having a high impact on reducing climate change, but studies such as DfT (2004) show 
that environmental considerations are low priorities in car buying behaviour and consumers are 
unwilling to pay more to ‘be green’.  Based on the UK average annual driving distance (8,400 
miles1), median miles per gallon of UK gasoline cars (34 mpg2) and current gasoline prices (92 
pence per litre, Nov 08) the average annual cost of gasoline in the UK is £1,033 or 12.3p per mile. 
Research by the RAC (2004) and Morpace (2004), shows that consumers have a low awareness 
of miles-per-gallon when making purchasing decisions and that fuel costs from higher mpg cars 
would need to reduce (or gasoline prices increase) by an order of at least 75% before massive 
consumer demand for high mpg vehicles takes major effect. 
 
Based on a UK night time electricity rate of approx 4p/ kWh and EV / PHEV powertrain efficiency 
equivalent to 0.26 kWh per mile3, the cost of driving a PHEV in EV mode would be 1p per mile.  
Taking the UK average of 8,400 miles per year, this is equivalent to about 37 km per day. If the first 
25km of each day are driven in EV mode, the annual electricity fuel cost would be £54. If the fuel 
economy of the PHEV in HEV mode is 45 mpg, the remaining 12km per day would cost about 
£275 per year. Compared to £1,033 this represents a saving of £704 or 68%.  Crossing the pricing 
threshold predicted by analysts for mass migration to (H)EV technologies is surely just a few years 
away, as gasoline prices rise commensurate with predictions of $150/bbl oil. 

                                             
1 Source: DFT 
2 source: VCA May 08 
3 Source US Pacific Northwest National Laboratory, Nov 07 and demonstration Toyota Prius plug in hybrids by CalCars 
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3.  Global Context 
 
“With eight hundred million vehicles in the world today, potentially doubling by 2030, the longer we 
focus on incremental improvements – choosing to ignore our fundamental dependency on liquid 
hydrocarbon fuels – the more we will be forced to confront additional challenges: pressure on 
governments to open up National Parks and other protected areas for oil exploration, widespread 
support for destructive unconventional ‘solutions’ like oil sands and coal-to-liquids, increasing 
geopolitical conflicts and human rights abuses, and the resulting rapidly growing CO2 emissions 
from hundreds of millions of vehicle tailpipes. 
 
Remaining reserves of crude oil are concentrated in relatively few countries. With the exception of 
Russia, all the major oil consuming nations – US, EU, China, Japan, and India – are significant net 
importers. They now face a liquid fuels crisis, which can be solved neither by the threat of military 
action nor by turning to so-called ‘alternative’ but in fact highly polluting hydrocarbon resources. 
The only sustainable approach to this crisis is to tackle its root cause: the unchallenged dominance 
of the internal combustion engine (ICE) which drives transport’s ninety-five percent dependency on 
liquid hydrocarbon fuels.”4. 
 
The EIA and IEA both expect oil demand to exceed 100 mb/d by 20015, up from current demand 
of 87.5 mb/d.  Deutsche Bank’s oil analysts believe oil could rise to $150/bbl oil in the intermediate 
term. Under such a scenario, Deutsche Bank estimate sustained gasoline prices of $4/gallon U.S. 
($5.95 per gallon in Brazil, $8.38 in the UK, $8.73 in Norway, and $9.28 in Germany)5.  In UK 
terms, these prices (£1.26 / litre at current exchange rates) were nearly reached in July 08 with oil 
at $140/bbl oil.  Even though the price has since receded, the underlying trends will surely return to 
at least this level.  In crude terms ‘peak oil is driving change’ - These price increases are already 
having a profound impact on the auto industry, which is experiencing unprecedented shifts in 
segment mix away from less fuel efficient vehicles. 
 
During the course of 2008, the world economy has been experiencing a major financial crisis which 
is impacting heavily on the Automotive sector.  Data from European industry body ACEA showed 
new car registrations fell by 7.3 percent in July and 15.6 percent in August compared with a year 
ago because of a general deterioration in consumer confidence and the effect of continuing high 
fuel prices.  
 
Transport is the worst performing sector under Kyoto Treaty/Protocol and seriously jeopardises the 
achievement of the targets. Transport CO2 emissions in the EU grew by 35% between 1990 and 
2006. Other sectors reduced their emissions by 3% on average over the same period. The share of 
transport in CO2 emissions was 21% in 1990, but by 2006 this had grown to 28%. The European 
Environment Agency estimates that cars are responsible for 14% of CO2 emissions6. 
 
 
 
 
 
 
 
 
 
 
 

                                             
4 Source: Plugged-in: the End of the Oil Age, WWF, 2008 
5 Source: Deutsche Bank: Auto Manufacturing Electric Cars: Plugged In, June 2008 
6 Source: European Federation for Transport and Environment, Aug 08 

Fig 1.  World Crude Oil Prices, 2000 – 2008 Fig 2.  Fuel Economy Trends (Imperial gallons) 
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Big manufacturers, from Toyota and General Motors to Renault/Nissan and Daimler, are hedging 
their bets by investing in a range of low CO2 solutions, from diesel hybrids to plug-in electric 
vehicles.  Alongside hybrids, electric cars and biofuel or biodiesel “flexfuel” vehicles are set for 
dynamic growth around the world, albeit from a small base. Amid strides in technologies such as 
downsized engines and improved fuel injection, some leading manufacturers such as VW are 
investing heavily in cleaner conventional petrol and diesel engine cars.  
 
4.  Government Action 
 
North America 
The regulatory push for greener vehicles is intensifying in the US, where Congress recently 
mandated a 40 per cent improvement in fuel economy by 2020. In the current US Presidential 
election campaign, the Democratic Senator Barrack Obama has launched a new Energy Plan 
proposal, a key pillar of which is the goal of putting one million plug-in hybrids on US roads by 
2015. Obama's proposal would help offset the initial cost of the ambitious program by providing up 
to $7,500 in tax credits to consumers, and calls for additional spending on advanced battery 
programs. The energy plan also calls for an increase fuel economy standards of 4% per year, up to 
$4 billion in retooling tax credits and loan guarantees for domestic auto plants and parts 
manufacturers to support their manufacture of the new fuel-efficient cars, a mandate for all new 
vehicles to be flex-fuel vehicles, and a call for America to develop next-generation biofuels and the 
required infrastructure. 
 
Europe 
The European Union's draft proposal to cut 
cars' CO2 levels by about 25 per cent by 2012 
is accompanied by new rules promoting lower 
emission cars through rebates, higher taxes 
and other schemes.  As of mid Oct 08, it looks 
likely that the EU legislation to reduce the 
average CO2 emissions of European cars to 
130g / km (with an additional 10g / km 
savings achieved through other measures 
such weight reduction and low rolling 
resistance tyres) will be phased in by 2015.   
 
In July 08, the Spanish government announced an energy plan which includes an aim to have 1 
million electric cars on the roads by 2014. Industry Minister Miguel Sebastian said in testimony to a 
congressional panel. 
 

"Electric vehicles are the future and the driver of the industrial revolution"  
 

In Oct 08, the French President called for changes to the State Aid rules to allow European Union 
support for retooling by carmakers, while announcing 400 million euros for R&D into non-carbon 
vehicles. The French power authority (EdF) also singed agreements with both PSA Peugeot 
Citroen and Renault Nissan Alliance to cooperate in the development of the necessary 
infrastructure and associated business models to enable the deployment of electric vehicles. 
 
The Israeli, Danish and Portugese Governments have all agreed to join “Project Better Places” 
which aims to establish nation-wide electricity charging and battery replacement infrastructure for 
electric vehicles.  Portugal’s draft 2009 budget includes tax breaks of up to €796 for electric cars. 
 
The UK Government has set a target that by 2012, 10% of all new vehicle sales will be vehicles 
emitting 100g/km CO2 or less at the tailpipe. The UK Prime Minister has proposed that by 2020 all 
new cars sold in Britain should be electric or hybrid vehicles producing less than 100 g/km of CO2, 
with £100 million earmarked in funding over the next five years to support electric and hybrid car 
projects.  Speaking at the G8 summit in Japan in July 08, he said: "This is not the odd vehicle that 
would be a hybrid but vehicles that are family cars. These things are happening quickly and we 
want to incentivise them happening in Britain”.  

Fig 3.  EU Cars Carbon Tyreprint, source: VCA Oct 07 
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5.  Consumer Demand 
 
On the demand side, amid slumping cars sales (down 15% Aug 08), carmakers face a tough time 
producing green cars that consumers want. Despite changing political sentiment on the 
environment, industry players say most car buyers are indifferent. “Very few people will want to pay 
a premium to cut CO2,” says Andre Lacroix, chief executive of Inchcape, the car-retailing group. 
Edmunds.com, the US car shopping website, came up with another telling – if unsurprising – piece 
of research recently showing that Americans bought more fuel-efficient cars primarily when petrol 
prices went up.  
 
Research by DEFRA (2007) shows that consumers rank using cars less and using more efficient 
cars as having a high impact on reducing climate change, but studies such as DFT (2004) show 
that environmental considerations are low priorities in car buying behaviour and consumers are 
unwilling to pay more to ‘be green’.  Research by the RAC (2004) and Morpace (2004), shows that 
consumers have a low awareness of miles-per-gallon when making purchasing decisions and that 
the extra annual fuel cost price point for switching to higher mpg vehicles is in the range of £1,000 - 
£1,500 (€1,264 - €1,900). Based on the UK average annual driving distance (8,400 miles 1) median 
miles per gallon of UK gasoline cars (33.6 mpg 2) and current gasoline prices (107 pence per 
gallon, Oct 08) the average annual cost of gasoline in the UK is £1,216 or 14.5p per mile. This 
suggests that fuel costs from higher mpg cars would need to reduce (or gasoline prices increase) 
by an order of 82% before massive consumer demand for high mpg vehicles takes major effect. 
 
In Jun 08 the automotive supplier Continental published the results of an unprecedented study of 
8,000 motorists, 1,000 each from: China, Germany, France, United Kingdom, Japan, Austria, 
Switzerland and the USA.  The main findings of the survey were:  

• Increasing fuel prices are driving a change in thinking  

• Approximately half of all drivers would like an emission-free, battery-powered car for 
urban traffic  

• Consumer acceptance of hybrid vehicles is increasing internationally – especially when 
government incentives are offered  

• Nearly two-thirds of motorists travel on short routes and/or in urban traffic, providing 
significant potential for hybrid vehicles 

 
Some of the findings are illustrated in the figures below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.  
Consumer 
Acceptance 
of Electric 
Cars 
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Fig 5.  
Consumer 
acceptance 
increases with 
government 
incentives 
 
 

6.  Daily Driving Distances 
 
Daily driving distances have a critical relevance to design strategies for high efficiency, low 
emission vehicles.  Eurostat in 2007 found that the daily average driving distance in Europe is just 
27 km.  Average distance per day distribution curves have been found to be broadly similar 
between Europe and the US, except that US distances tend to be greater by a factor of around 1.6. 
This creates a useful shorthand for comparing driving distances by applying miles to the US and 
kilometers to European driving distances. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 6.   
Daily driving 
distances 
(source: US 
Dept of 
Transport) 
 

 

Based on a night time electricity rate of approx 4p/ kWh and EV / PHEV powertrain efficiency 
equivalent to 0.26 kWh per mile 3, the cost of driving a PHEV in EV mode would be 1p per mile.  
Taking the UK average of 8,400 miles per year, this is equivalent to about 37 km per day. If the first 
25km of each day are driven in EV mode, the annual electricity fuel cost would be £54. If the fuel 
economy of the PHEV in HEV mode is 45 mpg, the remaining 12km per day would cost about 
£275 per year. Compared to £1,033 this represents a saving of £704 or 68%.  Crossing the pricing 
threshold predicted by analysts for mass migration to (H)EV technologies is surely just a few years 
away, as gasoline prices rise commensurate with predictions of $150/bbl oil. 
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7.  OEM Responses 
 
Carmakers have complained about being pushed into shouldering the costs of developing greener 
vehicles they then need to sell to a largely reluctant public. While successfully lobbying legislators 
for laxer rules, they have also been developing cars that deliver a cleaner drive without asking 
drivers to sacrifice much / anything – on performance.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
* Approx 50% of Daimler reduction due to de-merger with Chrysler 

Fig 9.  European Federation for Transport & Environment ranking of OEM CO2 reduction in 2007 

Fig 7. Car makers miss 2008 target Fig 8.  Change in vehicle buying criteria 
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BMW, has achieved the greatest reduction in CO2 emissions during 2007.  In private 
correspondence with Libralato Engines, Helmut Riedl, Director of Engineering said, 
 

“As you cited and have experienced at the Geneva Autoshow the reduction of fuel consumption by 
simultaneously boosting dynamics has been BMW’s upmost development target of BMW 
EfficientDynamics for the past years.  All driveline innovations and development efforts are focused 
towards this strategy.” 
 

Main developments have included developing micro hybrid and mild hybrid systems, experimenting 
with hydrogen engines and use of ultracapacitors.  BMW has recently announced it will produce  
(500) limited edition electric minis for the Californian ZEV mandate market. 
 
Hyundai, which also owns Kia Motors is rapidly advancing 
in the development of hybrids. The Avante / Elantra (LPG) 
mild hybrid is due to be launched in July 2009 and in July 
08 Hyundai announced that they would be the world first to 
use advanced Lithium–Polymer batteries (by LG Chem, 
also producing batteries for trial in the Chevrolet Volt). 
Plans have also been released for a plug in hybrid by 2013.  
The Korean Institute of Economics and Trade estimates 
hybrid sales by Hyundai / Kia of 500,000 by 2015 and 1.8 
million by 2020 (exporting 70 percent). 
 
Daimler has tended to focus more on improvements to existing reciprocating engines, such as the 
development of Homogenous Charge Compression Ignition (HCCI).  Daimler's Mercedes brand 
has experimented with Hybrid Sprinter vans for a number of years and showed its own two-mode 
gasoline-electric hybrid SUV last year in Frankfurt, the ML 450.  The UK firm Zytek is developing 
electric and hybrid electric drives for the diminutive Smart car. 
 
Toyota, which pioneered hybrids with the Prius, is now also selling them successfully in the 
premium segment through its Lexus brand. Its RX hybrid 
has appealed more for its performance than its 
environmental credentials. Toyota plans to bring a third 
generation plug in Prius to market in 2010, although it 
prefers to use a parallel hybrid powertrain and smaller 
capacity NiMh batteries. (Comparison of these 
architectures can be found in “Powertrain Architecture 
Analysis” doc).  Toyota predicts 1 million annual sales of  
hybrid models by about 2010 (10% of total sales). 
 
Fiat Group (Alfa Romeo, Lancia, Ferrari, Mazerati), although Fiat is in joint first place for the 
European OEM with the lowest average CO2 / km, this is largely due to its concentration on smaller 
sized cars and development of clean diesel engines using high pressure common rail (CRD) and 
multi-jet (JTD) fuel injection systems. A mild hybrid version of its popular fiat 500 model is expected 
in 2011. 
 
Volkswagen, for the largest car manufacturer in Europe, 
Volkswagen has been surprisingly quiet on the subject of 
hybrids and electric drives, preferring to develop its 
‘Bluemotion’ series of diesel powered vehicles and innovate in 
areas such direct fuel injection. Since 2002 VW has displayed 
the 2 seater VW-1L model (=1L/100km). In July 08, VW 
seriously entered the hybrid fray, announcing a ‘dual drive’ 
version of the Golf, due for production in 2010.  Partnering with 
Sanyo for the Li-ion batteries, the vehicle will rely on its electric 
motor for around town driving and the gasoline engine for 
longer trips. V W says it is now investing in the “double-digit 
millions” (of euros) in its electric-vehicle fleet-test program, including an Audi EV announced Oct 08. 
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Mazda, are known for their use of Wankel based rotary engines and have experimented 
extensively with hydrogen versions of this technology (no valve overlap). Mazda plan to launch a 
variety of models using micro hybrid systems in 2009 and announced in Aug 08 plans to produce a 
plug in hybrid which use their rotary engines to re-charge the battery pack.   Tests are sufficiently 
advanced that Mazda has a working prototype in a Mazda 5 MPV bodyshell. Company bosses are 
said to be keen to put this system into production but no firm decisions will be made until the cost 
of batteries is reduced. 
 
PSA Peugeot Citroen, is one of several manufacturers 
developing diesel hybrid cars – a format analysts say will offer 
the best of both fuel-saving worlds, and is likely to appeal to 
picky European buyers.  In addition to a range of micro-hybrid 
models, Citroen revealed the C-Cactus, small family car in 
2007. It will use a 1.4L (52kW) turbo diesel engine combined 
with a 22kW electric motor.  Curb weight 1,306kg. It will be 
capable of driving in EV mode at slow speeds and will produce 
just 78g/km CO2 emissions on the European combined cycle. 
Production date not released. 
 
Suzuki,  are reported to be working on a hybrid powertrain for a segment D or E vehicle, possibly 
for the next generation of their mid sized CUV, due for production 2011-12.  
 
GM, after seeing Toyota take an early lead in hybrids with its best-selling Prius, is now rolling out 
hybrids across its range, including a hybrid version of its Chevrolet Silverado pickup truck due to 
launch in 2009. Its Chevrolet Tahoe two-mode hybrid won the 2007 Green Car of the Year award 
in the US. While the full-sized sports utility vehicle jars with most “green” stereotypes, it gets the 
same mileage as a midsize Toyota Camry, while offering the large, high-off-the-road stance many 
American drivers prefer.  
 
In Jan 2007, GM revealed the Chevrolet Volt, due for 
production in 2010 (large scale fleet testing in 2009).  This 
car has been widely recognised to be a ‘game changer’ in 
that it is the first OEM produced plug in series hybrid electric 
vehicle (even though BYD in China may actually bring one to 
market in 2009).  Described as essentially an electric car (40 
miles EV range, Li-ion batteries) with an on board generator 
to make sure the batteries never go flat, GM plans to start 
with approx 60,000 Volts pa at a retail cost of approx 
$35,000 - $40,000. 
 
Nissan, have made hybrids a high priority in their latest business plan and are developing a 
proprietary hybrid electric drive and a pure EV in partnership with Renault.  Li-ion batteries will be 
supplied though a partnership with NEC and test results show vehicles able to accelerate to 100 
km/h under battery power alone.  The hybrid powertrain is due to be launched in 2009 and the EV 
is due to be launched in 2011.  Nissan and Renault are participating in ‘Project Better Places’ 
which plans to create recharging infrastructures and battery swapping facilities, initially in Israel, 
Norway and Portugal.   
 
Renault, in addition to being a partner in project better places, 
Renault have a history of producing EVs and PHEVs that goes 
back to electric versions of their Kangoo model in 2003.  At the 
Paris Motor Show Oct 08, Renault announced it will launch the 
“Fluence” EV in 2011 and expects to be selling over 100,000 
EVs per year by 2012.   
 
With the introduction of Euro V standards (involving more expensive catalysers) and the increasing 
fuel price differential, Renault apparently sees a reversal in demand for diesel engines, which have 
gained 53.3% of the EU new-car market share.  Like PSA Peugeot, Renault is shifting emphasis 
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towards turbo charged gasoline engines incorporating modern engine management systems, 
variable valve timing, multi port fuel injection and innovations like variable vane turbos. 
 
Ford, seem to be bringing up the rear in developing low emission powertrains despite their new 
‘Econetic’ engine range.  CEO Mr Mulally said recently that many companies were making 
demonstration hybrids and electric cars, but he suggested that these models were further away 
from being viable than they appeared. He said the idea of electric cars was "compelling" …"But the 
real key is the battery.”…… "We have to make significant improvement in miniaturisation of 
batteries and the capability and safety of them to make them viable." 
 
Honda, after discontinuing its slow-selling hybrid Accord, is developing an all-new model due to 
launch in 2009, which many analysts expect to sell well. Honda is taking a low cost approach to 
producing a mild hybrid with a price premium of just £1,000.  A new hybrid sports car is set to 
follow, while the mass-volume Civic series will also get the cheap and improved hybrid system with 
the next remodelling. Honda CEO Takeo Fukui recently predicted global Honda hybrid sales of 
around 400,000 to 500,000 cars a year by around 2011 or 2012 (10% of total sales) although they 
are putting equal if not more emphasis on clean diesels.  
 
Tata, having recently acquired Land Rover and Jaguar from Ford, Tata 
has consolidated its position as a major global OEM.  The new sub 
compact “Nano” model (targeted at India and China) derives CO2 
savings from the low weight of such a small vehicle.  Tata has also 
formed a partnership with MDI to produce ‘the Air Car’ which involves a 
novel powertrain approach.  The compressed air driven engine offers 
zero emission capability; however the car still relies on electricity to 
compress the air. Two types of engines are being proposed for the 
models: 1) compressed air only (range 200 – 300km); 2) dual energy, 
combining compressed air for short trips and gasoline for longer trips. 
 
Mitsubishi – Although not one of the European top 14 manufacturers, 
Mitsubishi is noteworthy because of the planned launch of the first 
OEM EV in Europe, the “i-MiEV” hatchback due in 2009  (range of 
89.5 miles top speed 80 mph).  With running costs 1/10th of gasoline 
(charged at night) the i-MiEV should quickly repay any capital 
premium (retail ~ US$28,350). "The most important thing we want to 
demonstrate is that electric cars are an easy transition from a 
gasoline car," Mitsubishi spokesman Daniel Nacass said during a test 
drive outside the Paris motor show.  
 
8.  Biofuels 
Carmakers are also moving to fill a niche for flex-fuel vehicles despite growing concern over 
biofuels' overall environmental impact.  The EU recently targeted an increase in the use of biofuels 
to 5.75 per cent by 2010, and countries such as France and Sweden are promoting their use 
locally. Ford Motor through its Volvo brand, GM with Saab, Peugeot and Renault are all developing 
flex-fuel vehicles.  Daimler, VW, and GM are working with companies developing less 
environmentally damaging fuels made from biomass rather than food crops. 
 
9.  Independent Manufacturers 
In addition to the major OEMs above (not a comprehensive list) there are an increasing number of 
independent manufacturers planning to build EVs and PHEVs of various descriptions. 
 
BYD, of China may be the first global automaker to mass produce a PHEV with plans announced 
to introduce a model in 2009.  With major lithium reserves in the Tibetan plateau China has access 
to the raw material for these high energy and power density batteries. China, Japan and South 
Korea also have the most developed battery production capacity in the world (92%), although the 
US is rapidly gaining capacity and has access to major reserves in N & S. America. 
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Tesla, Weblogs around the world are buzzing with excitement around the Tesla’s debut in 2008. 
Judging by the early performance data, it is easy to understand why: acceleration from zero to sixty 
mph (equivalent to 100 km/h) in just four seconds, with a top speed of 130 mph (210 km/h) and an 
estimated range of 245 miles (395 km) per charge.  
 
This car promises to demonstrate what EV enthusiasts have long been advocating: driving electric 
is simply a superior experience to anything offered by outmoded internal combustion engines. In 
this important respect – transforming popular opinion of what electric vehicles can be –  

it is no exaggeration to say that high performance cars like the Tesla Roadster have the potential 
to change the world. Disruptive technologies first appear at the extremes of the performance and 
cost envelope, from where they gradually make inroads to the mass market. So it was with 
computing, mobile telecommunications, digital photography, plasma-screen televisions; so it will be 
with electric vehicles. 
 
Zap, is a major US manufacturer, having sold 100,000 
(low speed) electric vehicles worldwide since 1994, 
including electric scooters, ATVs, motorcycles, cars, and 
trucks.  In Sep 2007, ZAP signed a joint venture 
agreement with China’s Youngman Automotive Group's to 
develop seven new factories with a capacity to build 
200,000 vehicles per year starting in 2008.  The 
partnership has its roots in ZAP's and Youngman's 
relationship with Lotus Engineering, with Lotus CEO Albert 
Lam acting as matchmaker between the two companies.  ZAP also made a deal with Lotus earlier 
in 2007, announcing that it was developing an EV crossover SUV based on a Lotus Engineering 
platform (wheel hub motors and batteries by Altairnano). 
 
Aptera, has probably developed the most aerodynamic road 
vehicle possible within known engineering constraints (Cd 
0.11!, CdA ft² 1.7!).  The Aptera Typ-1 will be available in all-
electric and hybrid models for less than $30,000. The electric 
version is due to start production in 2008 with the hybrid 
model to follow.  The all-electric model has a range of 120 
miles. The plug-in series hybrid has achieved more than 300 
miles per gallon with a range of more than 600 miles. Both 
versions are loaded with safety features and light-weight 
composite technology. 
 
Phoenix Motorcars, in Nov 07, formed a joint venture with 
Pristine International SAdeSV to build EVs from a plant in 
Mexico. Volkswagen of Mexico is also a participant in the 
venture. Phoenix Motorcars has taken orders for over 500 
fleet-ready vehicles for 2008 delivery and is targeting United 
States premier fleet operators with an all electric mid-size  
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Sport Utility Truck and SUV. In May 08 it formed an 
agreement with Electrovaya to supply Li-ion batteries. 
 
Miles Motors, plans to have an EV mid sized sedan, the 
XS500, in production in early 2009.  It will be capable of  
traveling 80 mph+ (AC motor, proprietary Li-ion batteries) and 
will have a range of 120 miles.  Pricing is estimated at 
$30,000 - $35,000.  
 
Think, of Norway took over the Think project abandoned by 
Ford. With about $93 million raised in venture capital they are 
due to start production of 10,000 vehicles per year in 2009.  
With a variety of battery options (range about 112 miles ) the 
sub compact Think City and family sized Ox (due 2011) will 
cost $20,000-$30,000, plus battery leasing from  $150 to $200 
per month.  
 
Smith Electric Vehicles, is the largest EV vehicle manufacturer in the UK, producing 1,500 trucks 
and light vans per year (2.3 – 12 tonnes).  Models includes; Newton and Edison Trucks and 
Ampere light vans with EV ranges from 80 – 100 miles. (Electrical drive systems by Ennova)  
 
Modec, is another leading UK developer of electric delivery vehicles with payloads up to 2 tonnes 
and vehicle ranges of 100 miles.  Powertrain supplied by Zytek, high temperature Zebra batteries 
(Na-NiCl2). 
 
G-Wiz, low performance, limited space and criticized for safety concerns, but nevertheless the 
most popular EV on the UK roads and an important milestone.  Made by Reva (India).  New 
models due to receive Li-ion batteries. 
 
Nice, similar to G-Wiz. Made in partnership with French firm Aixam-Mega Limited. 
 
Pinafarina, Italian car maker, similar to G-Wiz and Nice.   
 
Zenn, Canadian maker of low speed Neighbourhood Electric Vehicles.  Formed partnership with 
Eestor, US developer of Ultrabattery – potentially exceptionally high energy density ultracapacitor.  
 
AFS Trinity, US developer of plug in hybrid SUV and 
sports car.   
 
Loremo, German ultra low drag, low weight, diesel 
powered engine.  Tipped to win the Automotive X Prize 
competition in the US 2010.  
 
Fisker, US developer of plug in hybrid sports car. 
 
Lightening, UK developer of EV supercar (£150,000).  
 
Axon, UK developer of low weight, low cost, carbon fibre car with possible plug in hybrid 
powertrain.  
 
Delta Motorsport, UK developer of “EN-V” 
(Environment-Velocity) sports car: ultra low drag, low 
weight low cost carbon fibre, electronic drive by Oxford 
University / Amberjac Projects.  Possibly including 
Libralato engine-generator – leading UK entry in 
Automotive X-Prize competition. 
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10.  Predicted Trends 
 
The June 08 Deutsche Bank report, “Electric Cars: Plugged In” noted,  
 
“We nonetheless anticipate a significant increase in the electrification of the automobile. We and 
other observers (e.g. JD Power and Roland Berger) expect hybrid electric/internal combustion 
vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs), and electric vehicles (EVs and REVs) all 
to show dramatic growth over the next 10 years. In the U.S. alone, 13 hybrid electric vehicle 
models were available in 2007, 17 are expected by the end of 2008, and at least 75 will be 
available within three years (by 2011). As we noted earlier, NHTSA projects a 20% hybridization 
rate for the U.S. market by 2015, and Global Insight projects 47% for the U.S. by 2020. (Note that 
U.S. market share for hybrids was just 3% in 2007.) In Europe, hybridization is projected to reach 
50% by 2015.” 
 
The Report “Automotive 2020: Clarity Beyond the Chaos” by IBM Global Business Services (Aug 
08), gives a good indication of the upheaval that is taking place within the Automotive Powertrain 
industry.   
 

“In the next 10 years, we will experience 
more change than in the 50 years before.” 
– European automotive OEM executive 

 
This statement typifies the views expressed during interviews conducted by IBM with 125 
executives in 15 countries from a broad representation of automotive OEMs, suppliers and 
influential third parties; covering 85 percent of the top auto companies worldwide; including all of 
the top 10; including emerging nations, such as Brazil, Russia, India and China (27 percent of the 
interviews).  
 
Troy Clarke, president of General Motors North America, shared his insight on the feasibility of the 
electrification of the automobile with a Washington forum in June 08, "That debate has shifted from 
if this would happen to when", he said. 
 
The figure below illustrates the relative priorities given to factors influencing the development of 
automobiles and how automotive executives anticipate these priorities shifting between 2008 and 
2020.  It can be seen that technology progress remains the most important factor, while 
sustainability concerns and corporate social responsibility show the greatest increases.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 10. Anticipated change in external forces impacting the Automotive industry 2008 - 2020 
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Fig 12. Factors in adoption of connected vehicle 

Fig 11. Anticipated innovation by 2020 

Figure 11. illustrates from which aspects of automotive 
technology progress, OEM executives anticipate the 
greatest innovation. 
 
It can be seen that the greatest innovation is anticipated 
in the areas of: software, electrical systems, engine and 
auxiliary systems and powertrains.  
 
These innovations combine to what the report terms “the 
connected vehicle”.  The idea of the connected vehicle 
can be extended to include: a vehicle which can connect 
to the electricity grid to re-charge; which can return 
electricity to the grid when appropriate (V2G), which can 
connect to other electrical equipment or AC circuits 
acting as a mobile generator or uninterrupted power 
supply (UPS); which can connect to the internet for a 
wide range of communication and entertainment 
functions and can connect to the global satellite network      

  for GPS and data monitoring functions. 
 

 
Figure 12. shows factors needed for the adoption of the 
connected vehicle. National and local governments 
should take the lead in fostering a market demand for 
grid‑connected vehicles, through public procurement 
programmes and fiscal policy.  
 
Supporting infrastructural measures such as installing 
public charging facilities, providing access to priority 
traffic lanes, or offering exemptions from road tolls may 
play an important part in promoting the use of vehicles 
which are demonstrably less damaging to human health 
and the environment. 
 
 
 

 
 

Fig 13. shows the advances OEMs anticipate with regard to producing environmentally friendly 
vehicles.  Although these estimates are relatively conservative they still represent a massive shift. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13 
Advances 
relating to 
env-friendly 
vehicles 
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Figure 14. shows the alignment of OEMs, suppliers and others in the development of growth  
opportunities and the adoption of the connected vehicle.  It can be seen that suppliers and other 
actors are generally more pre-disposed to working in partnerships, whereas OEMs will tend to 
work independently on certain aspects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Fig 14. Automotive industry segment opportunities 
 
In relation to the Libralato engine-generator project specifically, the red circles indicate where the 
project sits in relation to industry segment growth orientation. 
 
The IBM report recommends to OEM executives, 
 
“The increasing cost of innovation is unsustainable for individual companies. We believe the 
successful company of 2020 will extend outside the industry for innovation and will work with 
others to solve common issues. ………Automakers should consider extending the partnering 
concept to bring together a diverse group of companies (OEMs, suppliers, other industries e.g. 
software and electronics) to focus on solving critical problems, such as vehicle energy 
consumption. The development of value sharing models can enable all participants to leverage 
innovations, while sharing in cost and risk.” 
 
 

Fig 15.   
Chevrolet  
Volt chasis / 
generator / 
battery  
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11.  Engine Development 
 
Figure 16.7  shows an indication of where 
the most cost effective fuel savings can 
be made to conventional vehicles.   
 
Although the chart doesn’t include the 
option of hybridization, it can be seen that 
“New Generation of Gasoline / Diesel 
engines” is the most cost effective option.    
 
All hybrids still rely on the efficiency of the 
combustion engine beyond their EV 
range.  Since in the case of the most 
popular hybrid to date, the Toyota Prius, 
this EV range is only about 2km; and in 
the case of the most advanced plug in 
hybrid under commercial development, 
the Chevrolet Volt, this EV range is 40 
miles, it should be obvious that 
improvements to combustion engines remain  Fig. 16  Vehicle Cost-fuel Consumption Analysis 
critically important. 
 
The Review of the UK Innovation System for Low Carbon Road Transport Technologies, 
by E4 Tech, March 07, indicates where the most significant powertrain developments are likely to 
occur in the next 20 years. 
 

 
   Fig. 17  E4 Tech predictions of engine innovation 2005 - 2025 
 
“The nature of innovation in this area is that the more far sighted innovation is generally not 
performed by the OEM vehicle manufacturers (although they may participate by donating materials 
and outcome and observing the outcome).  Instead it usually comes from research consultancies 
and universities, where OEMs only tend to become more heavily involved at the demonstration 
vehicle stage and beyond.” 
 

                                             
7 Produced by Knibb Gormenzano & partners, 2002, and used by the E4 Tech report for the DFT 
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12.  Conclusion 
 
“The European automotive sector has been reluctant to be swept along by the hybrid wave, in part 
because the regulatory and market acceptance of diesel vehicles in Europe seems to offer a 
cheaper pathway to fuel economy than gasoline-electric hybrids. However, this lethargic response 
to hybrid technology is starting to resemble feet‑dragging by European industry: there is no 
fundamental reason why diesel-electric hybrid vehicles should not catch on and deliver substantial 
efficiency and emissions benefits. Indeed, French carmaker PSA unveiled two demonstration 
models boasting diesel-electric hybrid powertrains in early 2006. Despite posting impressive 
performance data, including a fuel economy advantage of twenty-five percent versus comparable 
conventional diesels, the PSA group claims that the cost of hybrid technology is still too high for 
commercialisation before 2010………..” 
 
“The electric automotive paradigm has been systematically ignored by those who profit from the 
status quo. For instance, a ‘comprehensive’ well to- wheels study in 2007 by CONCAWE,8 
EUCAR9, and JRC – the Joint Research Centre of the European Commission – attempted to 
assess the relative merits of “a wide range of automotive fuels and powertrains relevant to the EU 
in 2010 and beyond”. This worthy objective was unfortunately undermined by the deliberate 
exclusion of grid-connected vehicles from the assessment. Inexplicably, the vehicle performance 
criteria which defined the boundaries of the study specified a top speed of greater than 180 km/h 
and a minimum range of six hundred kilometres. With the exception of Germany, no European 
nation has a legal speed limit in excess of 130 km/h, while the average daily driving distance in 
Europe is just twenty-seven kilometers, or less than five percent of the range threshold chosen by 
CONCAWE and its partners. In any case, plug-in hybrids have precisely the same range potential 
as conventional ICEVs, so their exclusion from the study – with no justification – is particularly 
puzzling…….. “ 
 
“In 2006, the US Pacific Northwest National Laboratory (PNNL) performed an impact assessment 
of PHEVs on electric utilities and regional power grids in the US.208 The headline conclusion of 
the study is astonishing: with the installation of no new electricity generating capacity, if charging 
off‑peak, it would be possible to ‘fuel’ eighty-four percent of the nation’s cars, pickup trucks, and 
SUVs – roughly 198 million vehicles – driving an average of 33 miles (53 km) per day. Of course, 
this does not mean no new electricity would be required. It is simply an indication of the degree to 
which today’s electricity system is sub‑optimal…….” 
 
“The potential for grid-connected vehicles to decimate our demand for liquid hydrocarbon fuels 
should be clear. Freed from the psychological barriers which hinder widespread market 
acceptance of pure battery electric vehicles, plug-in hybrids with an all‑electric capability of just 
fifty kilometers would slash liquid fuel consumption, since such a high proportion of journeys 
undertaken are well within this range. Beyond 50 km, a significant share of the ‘residual’ liquid 
demand may be met with next generation biofuels. Suddenly, the European Union’s target that 
renewable energy must meet ten percent of transport fuel demand by 2020 which, up to now, has 
been widely considered as rather ambitious, may even prove somewhat conservative……” 
 
“On the subject of costs, it must also be recognised that economic fundamentals have rarely 
featured strongly in the purchasing criteria of private consumers, especially in the automotive 
sector where brand values and optional extras often appeal to emotional rather than rational 
decision making processes. Evidence of this abounds: one need only consult the price list of 
automotive retailers within a given model range.What is the payback period for heated leather 
seats? It’s a silly question; heated leather seats are chosen for reasons of comfort and style, not 
economics. Does a more powerful engine pay for itself over the lifetime of the vehicle? On the 

                                             
8 CONCAWE is a European association of oil companies dedicated to environmental, health, and safety issues relating 
to the oil industry. 
9 EUCAR is the European Council for Automotive Research and Development. 
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contrary, in terms of fuel economy, insurance, and taxation it usually works out even more 
expensive, but that doesn’t stop many motorists from favouring more horsepower……..” 
 
“Likewise, irrespective of purely economic considerations, an initial price premium for vehicles 
running on electricity taken from a domestic wall socket overnight could make perfect sense to 
millions of drivers who either value the ‘environmental feature’ or dislike time-wasting visits to 
fuelling stations. Such a unique and convenient performance feature need not withstand a rigorous 
economic analysis in order to appeal to the private motorist, provided it is affordable………” 
 
“Mental barriers which limit the widespread acceptance of EVs are surmountable through 
education and innovation. Infrastructural and technological hurdles are trivial by comparison; no 
significant new infrastructure is required, and existing technology can be more than adequate for 
the majority of our mobility requirements. But for all the apparent opportunity and benefit, we 
cannot simply assume that the market will transition to an electric transport paradigm of its own 
accord. As we have seen, businesses suffer from technology lock‑in, and as far as consumers are 
concerned old habits die hard…….” 
 
“By definition, transformational changes of this type require disruption to the status quo. We cannot 
depend entirely upon today’s dominant transport solution providers to drive – or even support – a 
shift away from liquid hydrocarbon fuels. Strong policies will be required to dismantle market 
barriers to superior technologies, and to remove hidden and overt subsidies which perpetuate the 
liquids paradigm at the expense of competition. As a matter of principle, it is essential that policies 
accounting for all externalities assign the correct responsibility to each of the actors involved……” 
 
“In the private sector, companies will likely emerge which are today unknown to automotive 
transport. Innovative business models will come to the fore, which offer integrated mobility services 
as the sector moves away from the traditional product model. Electrical utilities and renewable 
energy suppliers will immediately identify the opportunities associated with transport electrification, 
and not only from the perspective of increasing sales. The grid management potential of electric 
vehicles will be explored in partnership with technology companies and vehicle manufacturers to 
further enhance the efficiency – and expedite the decarbonisation – of the power generation and 
distribution system…….” 
 
“Automotive transport is ripe for 
transformation. We need to accelerate the 
commercialisation of vehicles with diversified 
primary energy sources, high efficiency and 
compatibility with a sustainable, renewable 
energy future. The electrification of 
automotive transport offers a promising way 
to achieve this objective. Grid‑connected 
vehicle technology – enabling all or part of 
every journey to be powered by electricity 
taken from the grid – is available based on 
existing infrastructure and current 
technology. Battery electric vehicles (BEVs) 
and plug‑in hybrid electric vehicles (PHEVs) 
supplemented by sustainable biofuels for range 
extension – can dramatically reduce the crude oil 
dependency of automotive transport in an efficient  
and sustainable manner.”10 
 
© Libralato Holdings Ltd. 2008 

                                             
10 from: “Plugged-in: the End of the Oil Age”, WWF, 2008; Dr Gary Kendall, Senior Energy Business and Policy Analyst 
for the WWF Global Climate Change and Energy Programme 

Fig. 18  PM Gordon Brown inspects  
Vauxhall Flextreme – due 2013 


