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The task of RQ is to highlight 
the latest thinking in global 
engineering and technology in the 
transportation and clean energy 
sectors and related industries. 

We aim to achieve this by presenting an up-to-
date mix of news, profiles and interviews with top 
business leaders, as well as in-depth features on 
programmes – both from within Ricardo and other 
leading companies. 

Client confidentiality is of the utmost importance 
to Ricardo, which means that we can only report 
on a small fraction of the work carried out by the 
company. So we are especially grateful to those 
Ricardo customers who have kindly agreed to 
co-operate with RQ and allow their programmes 
to be highlighted in print: without such help from 
customers it would not be possible to present such 
a fascinating insight into the development of new 
products, technologies and innovations.

RQ magazine is printed on paper 
certified as being in compliance 
with the environmental and 
social standards of the Forest 
Stewardship Council.
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iNDuSTRy news

Passenger Car

Japanese lightweights show the way
Two Japanese concept cars majoring 
on lightness demonstrate the value of 
going back to basics in the quest for 

efficiency. Suzuki’s G70 (below right), 
originally labelled Regina but renamed 
for Europe to indicate its Co2 aspirations, 
weighs just 730 kg and is powered by an 
800 cc direct injection turbo linked to a 
CVT transmission. No hybrid system is 
employed – unlike the Toyota FT-Bh (left), 
which uses a two-cylinder, one-litre 

Atkinson-cycle engine mated to Toyota’s 
familiar electronic CVT. All-up weight 
of the four-metre five seater is just 786 

kg (the powertrain alone is 90 kg lighter 
than that in the Prius) and Co2 emissions 

on the European cycle are 49 g/km. As a 

plug-in hybrid this would fall to just 19 g/
km. Both cars avoid exotic materials and 
use production-feasible techniques.

The latest in technology, innovation and sustainability across world industries

Mixed messages muddled the run-up 
to the 2012 Geneva motor show. No 
sooner had GM announced its tie-up 
with PSA Peugeot Citroën than its slow-
selling Volt range-extended electric 
vehicle was suspended from production 
– only to be awarded Europe’s coveted 
Car of the Year title on the opening day 
of the show.

The contrasts continued within the 
show itself, with Renault launching its 

first volume-market electric car, the 
Zoe, at the same time as announcing 
an energy-efficient three-cylinder 
gasoline turbo engine of just 900 cc – a 
clear competitor to similarly downsized 
units in Peugeot’s new 208, VW’s Up and 
Ford’s Focus and B-Max. 

Renault’s all-electric Zoe, a Clio-sized 
five-seat hatchback with a claimed best-
in-the-market range of 210 km and a 
post-subsidy price tag of €15,750, will 

be at the sharp end of an eco-battle with 
a rising generation of low-CO2 hybrids, 
diesels and even gasoline models. 
Toyota’s Yaris hybrid emits just 79 g CO2 
per km, even Volvo’s svelte new V40 and 
Mercedes’ third-generation A-Class are 
under 100 g, and Volkswagen is debuting 
its cylinder deactivation technology on 
a sporty gasoline version of the Polo, 
combining 140 hp performance with  
105 g emissions.

Passenger Car

Volts versus cylinders
Renault Zoe: the 
first volume market 
electric car will cost 
under €16,000
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Highlighting the latest thinking in automotive 
engineering and technology worldwide 

news iN BRiEF

Conscious that the large surface 
areas required by ground-based solar 
arrays are placing serious pressure on 
land use in many countries, an israeli 
company has pioneered a scalable solar 
farm which can be located on an until 
now under-utilized resource – water.

Jerusalem-based Solaris Synergy 
has developed a modular floating 
concentrating photovoltaic generating 

array that can be used on either salt or 
fresh water: its first application is on 
a reservoir in Tekuma, southern israel. 
initial system peak power is 12 kW but 
the system will be expanded to 150 kW 
this year.

Concentrating photovoltaic arrays 
generate electricity by focusing the sun’s 
rays onto a small point; Solaris simply 
adds more of these modules to increase 
generating capacity. Megawatt-scale 
systems are even possible, it says.

operating on water provides several 
advantages, says the company. The 
water provides useful cooling for 
the system’s components, boosting 
generating efficiency, and the array is 
helpful in preserving water quality by 
reducing evaporation, inhibiting algae 
growth and providing a cover for the 
reservoir.

Clean Energy

Solar farms take to the water

China supertrain targets 500 km/h
China State Railways has revealed a six-car trainset 
designed to explore train and track dynamics at speeds 
of up to 500 km/h. All six of the highly aerodynamic train’s 
vehicles are powered, giving a total of 22.8 MW. An earlier 
Chinese train design reached 486 km/h during trials in 2010.

Backup camera mandate
With the US federal authorities expected to mandate the 
fitting of backup cameras to all new vehicles from 2014, 
Automotive News forecasts a bonanza not just for safety 
equipment suppliers but also for the infotainment industry, 
making use of the newly required display screens.

Central tyre inflation for the farm
Agricultural operators can boost mobility and improve fuel 
efficiency thanks to a new central tyre inflation system, 
claims supplier Dana. The CTIS, originally developed for the 
military, is able to optimize the vehicle’s footprint on any 
given terrain by adjusting tyre pressures on the move.

uS military evaluates hydrogen power
Sixteen fuel cell powered vehicles built by General Motors 
have been supplied to the three US military research 
organizations, TARDEC, ONR and AFRL. Personnel from the 
Army, Navy and Air Force will evaluate the vehicles under 
service conditions to determine the potential of fuel cell 
power for military use.

Marine emission consultation
The European Commission has launched an online 
public consultation (http://ec.europa.eu/clima/
consultations/0014/index_en.htm) on ways to reduce 
greenhouse gas emissions from shipping. International 
maritime transport currently accounts for 3 percent of 
global CO2 emissions. 

induction motor promises solution 
EV engineers at Toyota in Japan are beginning to focus 
their attention on induction motors; these avoid the use of 
permanent magnets containing rare earth elements that 
could become restricted in supply, with China holding the 
bulk of the deposits.

Zero-emission car factory opens
The Renault-Nissan alliance has opened the world’s first 
car factory free from carbon and effluent emissions. The 
Tangier, Morocco, plant will have a capacity of 400,000 
units annually and will build entry-platform models for sale 
in global markets.

Volvo’s pedestrian airbag
Among the innovative safety features introduced on the 
new Volvo V40 is an airbag to reduce pedestrian injuries. 
This external airbag deploys from the raised rear edge 
of the hood, covering the A-pillars and one third of the 
screen area. 

Passenger Car

Next-generation sports cars

Again stemming from Japanese brands, 
though developed in the US and the 
UK respectively, the Honda NSX (right) 
and Infiniti Emerg-e concepts (above) 
could be useful pointers to future 
environmentally conscious luxury 
sports car design. 

 Honda’s new NSX, due to launch 
within three years, is a lightweight 
design with a central V6 engine coupled 
to an electric motor driving the rear 
wheels; the front wheels each have their 
own electric motor too, allowing both 
improved traction and positive torque 
vectoring through individual control of 
the motors.

Infiniti’s Emerg-e concept is a range-
extender electric, with twin e-motors 

totalling 300 kW powering the rear 
wheels and an auxiliary three-cylinder 
gasoline engine of 35 kW providing 
recharge power. The concept weighs less 
than 1600 kg, thanks to carbon fibre 
construction, has a 50 km zero-emission 
range and, in hybrid mode, emits 55 g CO2 
in the European cycle.
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High Performance Vehicles & Motorsport

Le Mans promises 
4-way techno battle
For the first time in motorsport history, four different types 
of powertrain will compete for top honours in a classic 
international event. The Le Mans 24 Hours on June 16-17 will 
see more than just the diesel versus gasoline battles that have 
become familiar since Audi’s first diesel win in 2006: changes 
to the regulations will allow hybrids to participate, too.

Toyota, world leader in hybrid passenger car production, 
will field a pair of TS030 hybrids, which link a 3.4 litre gasoline 
V8 combustion engine with the company’s THS-R powertrain, 
featuring front and rear electric motors and a capacitor 
energy storage system. 

Lining up against the Toyotas will be a four-car Audi 
team consisting of two R18 e-tron quattro hybrids and two 
conventional R18 ultra racers; the cars are otherwise identical 
and both use V6 diesel engines. Audi’s hybrid system uses a 
flywheel for energy storage and operates on the front axle 
only. The company says its test results are “very encouraging”.

At least seven other cars will represent conventional 
gasoline power in the top LMP1 category, while Aston Martin 
will field a Vantage V8 in the LM GTE Am class. The new 
regulations limit hybrid cars’ energy recovery capacity to 500 
kJ between braking zones and the stored energy can only be 
deployed on the front axle at over 120 km/h.

Despite taking its inspiration from 
the much-loved old Routemaster, 
London’s new double-decker bus is 
thoroughly modern in its engineering 
and twice as efficient in its use of 
fuel. The structure and interior 
fittings are light in weight and a diesel 
series hybrid powertrain ensures 
quiet and clean electric propulsion 
wherever possible, the diesel only 
cutting in when the traction batteries 
require topping up.

under test conditions the new bus 
recorded a fuel consumption of 24 

lit/100 km, compared with the 49 
litres of the old non-hybrid diesel, 
enabling it to comfortably beat the 
Mayor of London’s target of 750 g/

km Co2 emissions.
The 87-passenger bus 

is now in trial service 
on the busy cross-

London 38 route. 
London buses can 
be on the road up to 
22 hours in every 

24, averaging a 
speed of 10 km/h 
and stopping and 

starting every 100 
metres – conditions guaranteed 
to draw maximum benefit from 
its brake energy recuperation and 
silence at rest.

in an unconnected study the 
Massachusetts institute of 
Technology has concluded that the 
future of trucking is electric – at least 
in urban areas. in a trial involving 
office supplier Staples’ fleet of 68 
electric delivery trucks MiT found 
that, used daily in a big city, an electric 
truck’s operating costs can be lower 
than those of its diesel equivalent.

Commercial Vehicles

New London double-decker 
halves consumption

Motorcycles & Personal Transportation

e-bikes zoom 
into fashion
With Daimler’s Smart subsidiary taking the wraps off a sleek 
Brabus-badged electric bike, evidence is strengthening that 
automakers striving for urban credibility may be bringing 
brand management techniques to the two-wheeler market. 
Brabus is the performance sub-brand of Smart, and the 
Brabus e-bike has a 500-Watt motor – twice as powerful 
as the unit in the standard Smart e-bike. The Brabus even 
has sporty touches such as a carbon seat post, leather grips 
and saddle, and a four-piston front brake. Its top speed is 45 
km/h, underlining its speedy credentials.

Other recent electric models include Opel’s RAD e, 
which claims to be the first e-bike built around automotive 
construction principles; its range is said to be 50 to 130 
km. Mini some while ago displayed an electric scooter, while 
BMW has shown its Concept e luxury scooter and the e-go 
motocross-style bike under its Husqvarna brand. Established 
motorcycle makers Honda and Peugeot have several electric 
two- and three-wheelers in their ranges.

Le Mans 2012 
promises a battle 
between diesel and 
gasoline, hybrid and 
non-hybrid
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ViEWpoint
With the release in December of 
the long-awaited ISO 26262, the 
automotive industry finally has in 
place a specific functional safety 
standard. Functional safety is 
extremely important, representing the 
assurance that all of the functional 
properties of vehicle control systems 
cannot lead to harm for the driver, 
passengers or other road users. Such 
a standard has been urgently needed, 
not least because of the increasing 
influence on safety that modern 
control systems can have over the 
vehicles that we drive. The rising 
number, complexity and operational 
authority of these control systems 
have been a significant motivator 
for the global automotive industry to 
produce the best-practice guidance 
represented by the new standard. 

Covering all aspects of safety 
management in the development of 
vehicles and systems – from initial 
concept through hardware and 
software development to production 
and beyond – ISO 26262 will have 
a very wide-ranging impact. For 
automakers, their Tier 1 suppliers 
and all other participants in 
development within the automotive 
value chain, the message is very 
clear: functional safety must be 
considered a fundamental part of 
product development from concept 
to showroom and beyond, and must 
never be considered a bolt-on activity 
performed at the last minute.

ISO 26262 emphasises the early 
identification of hazards and safety 
analysis as the basis for deriving a 

functional safety concept and a set 
of safety requirements to deliver an 
acceptably safe system. However, 
making the system safe is in itself not 
enough; the requirement to produce 
a safety case – a long-established 
practice in many industries – highlights 
not just the need to be safe but also 
to be seen to be safe. Thus the safety 

case will increasingly become standard 
practice within the industry as a means 
to present the safety argument for 
complex systems.

Recognizing the importance of 
functional safety and related topics, 
Ricardo has had active involvement 
in ISO 26262 development, including 
membership of the UK working group 
and it has contributed to Motor Industry 
Software Reliability Association 
activities such as modelling guidelines 
and safe automatic code generation. 
And while the new standard represents 
a very laudable step forward in the 
recognition that the very rapid advances 
in control technology are presenting 
a requirement for a fundamental 
paradigm shift in automotive safety 
culture, this requirement is far from 
static. 

As we report in the Ricardo News 
section of this issue of RQ, the SARTRE 
project is already demonstrating multi-
vehicle platooning technology that, 
subject to parallel innovation both in 
regulation and public acceptability, is 
likely to approach market readiness in 
the foreseeable future. In this situation 
the new ISO26262 is likely to form an 
important stepping stone and way-
marker rather than the final destination 
for automotive safety.

Safety first, second – and 26262nd 
David Rollafson - Ricardo global product group director for intelligent transport systems

Rail

ultracapacitors 
help cut train power 
consumption
Leading trainmaker Bombardier has developed a system to 
improve the capture of train braking energy for re-use at 
a later point. A core feature of the EnerGstor recuperation 
system is the use of Maxwell supercapacitors, which, 
says the company, are able to absorb and return energy in 
fractions of a second, and which are unaffected by extremes 
of climate. 

Conventional train energy harvesting systems simply 
feed the recuperated power back into the power supply and 
distribution network; however, when the system voltage rises 
beyond a specific level no more power can be fed back and 
the energy must be dissipated through resistors. EnerGstor’s 
innovation comes in the shape of trackside storage modules 
which capture the energy that might otherwise have been 
wasted.

Among the advantages Bombardier claims for the new 
system are a 20 to 30 percent reduction in grid power 
consumption, improved voltage regulation across a multi-
stop rail network, reduced brake maintenance and the ability 
to provide backup power to enable trains to reach a station in 
the event of a grid power failure.

Passenger Cars

Industrial revolution
While the new Audi A3 unveiled at the Geneva show may 
come across as only a cautious updating of its predecessor, 
beneath its evolutionary skin lies what in manufacturing 
terms promises to be a significant revolution.

For the A3 is the first Volkswagen group model to be built 
on the principles of the group’s new modular transverse 
construction system, or MQB. MQB is effectively a set of 
ground rules which define certain fixed points in the vehicle’s 
architecture, standardizing factors such as the engine 
mounts and the distance from the front axle to the pedals. 
Other parameters traditionally restricted under the old 
platform system, such as wheelbase, track and overhangs, 
can be varied within wide limits, allowing MQB to be employed 
from the B-segment Polo right the way through to the luxury 
Passat and larger.

At the same time, new generations of gasoline and diesel 
engines, all with the same block angle and with their hot side 
to the rear, will standardize the interface with VW’s range of 
transmissions.

“Rapid advances in 
control technology 
are presenting a 
requirement for 
a fundamental 
paradigm shift in 
automotive safety 
culture”

“The message is 
very clear: functional 
safety must be 
considered a 
fundamental part of 
product development 
from concept to 
showroom and 
beyond”
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Beating the oil

ADDiCTioN
ENERGy

A landmark multi-client research study carried out by Ricardo Strategic 
Consulting in association with Kevin J Lindemer LLC and with industry-
wide participation, has predicted that ‘peak oil’ will be a demand- rather 
than supply-side phenomenon as even China and other rapidly developing 
nations eventually see a peak and long-term decline in their requirement 
for oil. Tony Lewin and Anthony Smith report
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side peak has been the subject of 
much debate for many decades. Oil 
derived from mineral deposits is a finite 
resource subject to global demand: 
when peak production is reached, so 
the argument runs, price would surely 
rise exponentially as competition for 
increasingly scarce resource intensifies. 
The problem for those projecting long-

has been depleted. Having accurately 
predicted that US production would peak 
between the late nineteen sixties and 
early seventies, the same basic principle 
has since been used widely to determine 
the likely future production profiles of 
individual regions and nations as well as 
for global forecasts. 

The precise timing of such a supply-

The concept of peak oil was first 
described almost fifty years ago by  
M King Hubbert, a geoscientist working 
for Shell Oil. Hubbert observed that 
aggregate production from individual 
oil wells in a field tended to follow a bell-
shaped curve, with its peak representing 
the high point of production when 
roughly half of the total available oil 

Beating the oil

ADDiCTioN
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term supply has always been that such 
predictions of peak production are in 
themselves based on an incomplete 
picture of all future extractable oil, both 
known and unknown at the time the 
prediction is made. The one thing that 
cannot be disputed, however, is that the 
supply is finite and that at some stage 
the world will have passed the point at 
which more has been extracted than 
remains available for future use. 

Peak oil or peak demand?
But what if the peak use of fossil-based 
petroleum products occurs ahead of 
this long-forecast peak in supply? What 

would be the mechanics driving such a 
fundamental shift in the world’s energy 
economy? These were questions that 
a major multi-client research study 
led by Ricardo Strategic Consulting 
in association with Kevin J Lindemer 
LLC set out to establish. Working in 
partnership with organizations from 
across the oil industry, including 
national corporations, independent oil 
majors, and even the producers’ cartel 
OPEC, the research team went back to 
fundamentals in seeking to model future 
demand profiles. 

The results of this research have 
provided some highly interesting 
conclusions, indicating that the 

preoccupation in many quarters with the 
availability of future supplies of oil may 
be leading the energy sector to overlook 
a more immediate and fundamental 
paradigm shift. Demand, it seems, may 
peak well ahead of supply, putting into 
question many of the long-established 
fundamentals of oil exploration, 
extraction and supply, not least in 
terms of the economics of the more 
challenging, difficult-to-extract sources.

Below we set out the key findings 
of the research and [opposite] we 
present an interview with Peter Hughes, 
managing director of the energy practice 
of Ricardo Strategic Consulting, who 
initiated and led this landmark project. 

Summary of key findings of the  peak oil research project

The approaching peak in oil demand
The study findings suggest that there is a strong chance of oil 
demand reaching its peak before 2020, at no more than about 4 
percent above 2010 levels; after this, it will fall into a long-term 
decline trend, with demand in 2035 back down to some 3 percent 
below 2010 levels. This would also involve significant changes in the 
geographic distribution of demand and the mix of refined products 
required by the market. After incorporating a greater take-up of 
first generation biofuels, demand for hydrocarbon oil by 2035 may 
actually be more than 10 percent below its 2010 level, and its share 
of global energy demand have fallen below 25 percent (from circa 33 
percent today).

Regional differences and legislation
oil demand growth will have its limits in every country. Ricardo 
believes that there has been a general underestimation of the 
future impact of government policies to improve fuel efficiency 
and promote alternatives to oil. This will be the case everywhere, 
including, very importantly, in China, where although demand is 
projected to grow by nearly 60 percent in the meantime, the study 
assesses that a peak could be reached as early as 2027, before 
starting to fall back thereafter.

The effect of fuel-efficient technology
Evolutionary change in the automotive sector will bring about a 
revolutionary change in fuel demand. The transportation sector will 

continue to see significant growth in the vehicle fleet, increasing 
by over 80 percent from 2010 to 2035. However the results of a 
detailed modelling exercise drawing on Ricardo’s deep expertise 
in this field suggest that efficiency improvements in the internal 
combustion engine will more than offset the rise in fuel demand 
deriving from the increase in the number of vehicles. Although new 
technologies, such as the battery electric vehicle, will be introduced 
and will have an increasing impact over time, the projected reduction 
in road transport oil demand does not derive primarily from the rapid 
penetration of such technologies.

The impact of biofuels
When considering the outlook for biofuels, the study concludes that 
the food vs. fuel argument may be poorly supported; for much of 
the last three decades, the agricultural sector has been constrained 
more by under-investment than by supply. if crop yields increase at 
historic rates, there will be enough surplus conventional fuel crops 
to displace a significant amount of fossil fuels. And, more than likely, 
the higher current selling prices will drive investment in production 
and research to further increase yields, making more sugar, starch 
and biomass available for conventional biofuels production. As a 
result, the study projects that the production of first-generation 
biofuels may increase by 5-6 times over today’s levels, without 
allowing for any additional contribution from advanced biofuels, 
whose prospects remain uncertain.

improved gas supply outlook decouples the oil and gas markets
Ricardo believes the improving supply outlook for natural gas, with 
the potential for the surge in shale gas production in North America 
to be replicated elsewhere over time, and a gradual introduction of a 
more competitive market pricing dynamic in the world gas trade, is 
likely to drive an increasing disconnect of the gas price from the oil 
price, encouraging substitution of oil in both stationary and on-road 
transportation (i.e. natural gas vehicles) sectors. 

Diesel and gasoline demand disparity
As regards the downward pressure on transportation fuels, the 
study assesses the impact as being far more pronounced in terms 
of gasoline demand than diesel, which will provide a supply-side 
challenge to the world’s refining business. The industry may need to 
make significant investments to match production with demand, 
particularly to balance gasoline and distillate production.
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“Clearly Ricardo is extremely well placed 
to know about technology trends in the 
automotive and transportation sectors 
and can thus inform a view on the likely 
implications of these” 

on economic growth rates. One thing we found was that 
demographic trends seem likely to constitute an increasingly 
important influence in the future. When we started this study 
very few people were talking about this as an issue, particularly 
for the fast-growing nations of East Asia. For example, the 
huge influence on future oil demand growth represented by 
China: many forecasters simply represent Chinese demand as 
extrapolating from where it is now for the foreseeable future. 
But if you look at Chinese data it becomes apparent that the 
country’s working-age population will start to decline as early 
as 2016, due not least to the effects of its ‘one child’ policy. 
We really got stuck into the academic literature on the subject 
and we fairly quickly managed to convince ourselves that that 
a lot of current forecasts fail to take sufficient account of this 
demographic time-bomb.

So what effect will these demographic changes 
have for China?
After a peak is reached in the working-age population of 
a country, the balance between the productive and non-
productive parts of the economy begins to change for the 
worse. China needs to rebalance its economy towards 
domestic consumption because its current export-led 
economy has to be unsustainable in the longer term. In 
essence this means persuading its people to buy more and 
save less, at a time when the balance is shifting from the 
productive to the unproductive part of the economy but 

Energy 
Economist
Oil and gas specialist Peter Hughes joined 
Ricardo in early 2011 to form the energy 
practice of the strategic consulting division. 
Here, we ask him about the thinking behind 
the peak oil study.

iNTERViEW

How significant is retail price in influencing oil demand?
It’s important to differentiate between short-run elasticity – 
or lack of it – and longer-term structural elasticity. We think 
that there is greater long-run price elasticity influencing, 
for example, which new cars people buy, rather than short-
run elasticity influencing how much they drive. However, 
forecasting the oil price is a mug’s game; no-one has ever got 
it right and I don’t suppose they ever will. 

So what main factors do you take into account in the study?
We started by looking at the current demand structure for oil 
and asked ourselves “what’s changing?” We needed to identify 
the changes occurring or likely to happen which will influence 
future demand. Currently around 55 percent of global oil 
demand arises from the transportation sector, a proportion 
that is set to increase, so what happens in this sector will 
clearly have a huge impact on future oil demand. Clearly 
Ricardo is extremely well placed to know about technology 
trends in the automotive and transportation sectors and can 
thus inform a view on the likely implications of these.

What assumptions do you make for factors such a 
population and GDP growth and their geographical 
distribution?
There is a very strong correlation between energy demand 
and macro-economic growth, so, amongst other things, 
we considered a number of factors that might impact 
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before an adequate social welfare net has been established. 
We came up with two scenarios – one based on statistics 

published by the IMF and the IEA relating to GDP and a second, 
based on our own research and assumptions, modified for 
demographics. Our initial feeling was that we seemed to be a 
little out on a limb in our rather bearish assessment of the likely 
impact of such a demographic time-bomb on the economic 
growth outlook for China, but this is increasingly the subject 
of much wider debate. This is crucial as China is the most 
important region to watch in terms of future energy demand.

How important is policy on influencing demand for oil?
The most crucial driver we identified in the study was the very 
profound shift in policymaking on a global basis towards the 
management of future hydrocarbon demand. We saw three 
key influences: the security of future energy supplies; the 
environment – ranging from CO2 objectives to urban air quality 
– and the increasing political undesirability of extreme energy 
price volatility, which is particularly linked to hydrocarbons 
markets. For policymakers, all these influences point to one 
thing: to get beyond hydrocarbons, and in particular liquid 
hydrocarbons, as fast as possible. For the first time in my 
career I have seen all the key policy drivers aligned in the 
same direction. 

How do these policy imperatives differ around the world?
Each policy driver has a different weighting but there is not 
a trade-off between them and they are universally present. 
In China, for example, it’s all about security of energy supply, 
but the bonus is urban air quality as they move to lower-
carbon technologies. In Europe it can be argued that the most 
important single driver is the environment. In the US it is 
probably a combination of security of supply and sensitivity to 
price volatility, particularly given the very significant political 
issue that the gasoline price has long been. But it is worth 
repeating that there is no trade-off; each of the factors 
supports the others but has a different weighting according 
to regional and national imperatives. 

But will price fall with demand?
What really is important to the consumer is not the price 
of Brent or West Texas crude, but the post-tax price paid 
at the filling station or demanded on their domestic energy 
bills. For policymakers to be able to move in the direction 
of reducing consumption of fossil fuel, they do not need or 
want conditions where the price to the consumer falls. Our 
basic assumption therefore was that governments around 

the world will not allow end user prices to fall in real terms, 
whatever the circumstances of the international energy 
markets. To do so would compromise and prejudice their 
long-term policy objectives. This key pricing assumption was 
something that all partners in the study – including OPEC – 
endorsed as entirely valid.

So will global energy demand continue to rise? 
In a word, yes. Our overall numbers are pretty consistent with 
those, for example, of the oil majors, but with one significant 
difference being our assessment of the extent to which oil’s 
proportion of overall energy demand will decline beyond the end 
of the current decade 

One of the surprising things to us was to see how much 
the on-going improvement in fuel efficiency of conventional 
vehicles influences demand as new fuel-saving technologies 
are incorporated and the fleet is gradually replaced over 
time. Pure battery EVs and/or hydrogen fuel cell vehicles, for 
example, only feature in any meaningful way towards the back 
end of our study. The hybridisation of the internal combustion 
engine, on the other hand, is a process that is under way, but 
one which will still be at a relatively low level by the time that 
oil demand peaks. The main driver in the near to medium 
term for the downward pressure on demand is dramatically 
increased fuel efficiency of conventional vehicles, not least in 
the US.

Do the question marks over the future of nuclear power have 
any bearing on the outlook for oil demand?
The short answer is no, because the role of oil in the power 
generation sector is a very limited one, and so any reduction in 
the outlook for nuclear will not benefit oil demand, but rather 
other sources of power, and probably natural gas in particular. 
As it happens, we started the study post-Fukushima and 
so our assumptions on nuclear energy were rather more 
conservative than they might otherwise have been before this 
time. We do, however, see nuclear as remaining significant 
and believe that it will still happen in a number of countries, 
including China, albeit at a slightly slower pace than it might 
otherwise have been. Geographically, the response to 
Fukushima has been very different, with just a moderating 
influence in most of the world but a rather more significant 
effect, for example, in Germany, which took the decision to 
close all its existing capacity as well as cancelling any plans for 
new nuclear build. 
 

important new 
features of the 
international energy 
scene are shale gas 
and the increasing 
trade in liquefied 
natural gas (below)
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Why are you optimistic about basic biofuels but 
doubtful about advanced ones?
There’s been a lot of discussion about second- and third-
generation biofuels, including those based on cellulosic and 
algae-based feedstocks, but as of today very few people 
would claim that these are economically viable on a level 
playing field with first-generation sources. They’re generally 
hugely subsidy-dependent and the economics are a fair 
way from viability. Conversely for first-generation fuels, the 
bigger issue is one of the feedstock and whether it has a 
detrimental impact upon food availability. What we looked 
at were the advances taking place in agriculture technology, 
including crop yields. Our starting point for the analysis was 
that the world’s food needs have to be met and that any 
biofuel stream would have to be a surplus over and above that 
basic need. We drew on sources such as the UN FAO (Food 
and Agriculture Organization) and industry publications. Food 
prices have gone up quite a lot in recent years and this seems 
to have stimulated significant R&D efforts which are creating 
a surplus without significantly impacting on land use change. 
Again we have been conservative in our assumptions. 

Can you explain your findings on the decoupling of the 
international oil and gas markets?
There is no open liquid international market for gas as yet. 
Instead it is largely traded based on prices that are indexed, via 
the workings of contractual formulae, to oil prices, against the 
context of an oil price maintained at an artificial level through 
the control exerted by OPEC independently of issues of supply, 
demand or production cost structures. However, what we have 
in recent years seen in gas is a situation of plentiful supply, in 
which the advent of internationally traded markets and of gas-
on-gas competition has begun to place a downward pressure 
on traded market prices as compared to the oil-indexed price. 

This trend has been temporarily alleviated due to the 
effects of Fukushima, but we believe that the fact that gas 
will have a fairly comfortable long-term supply-side surplus 
will mean that open competition will in the coming years place 
a significant downward pressure on price. 

is shale gas a significant influence on this? 
Shale gas is a major reason that the price in the US has fallen 
so low, and the real question is whether this will be replicated 
elsewhere. As of now, shale gas is not produced in significant 
quantities outside the US, but China is estimated to have 
significant reserves. Interestingly China also has next to it 
the world’s biggest supplier of conventional gas – Russia. To 

date the Russians have priced internationally traded gas on 
an oil-indexed basis, but what shale gas should do is set up a 
competitive tension that will act to balance the market. 

you predict that Chinese oil demand will also peak before 
the end of the study period – what is the mechanism at work 
here, and how does this contrast with other nations and 
regions?
While the Chinese working-age population may peak as early 
as 2016, GDP per capita will continue to increase significantly 
beyond this point and therefore continue to drive oil demand. 
Our modelling, however, took account of a multiplicity of 
factors, including new technology penetration and, as 
discussed, demographics, with one interesting facet being 
the impact an ageing population has on oil demand, given that 
it has been empirically shown that people drive less beyond 
the age of 40. All of these factors contribute to our projection 
of Chinese oil demand peaking well before the end of the 
period under consideration, something which will no doubt 
come as a surprise to a lot of people.

Clearly there will be a tendency for other BRICs nations to 
follow the Chinese lead over time, but the effects will be far 
less significant. Brazil, which has been very proactive in terms 
of promoting sugar-derived biofuels, will clearly be somewhat 
different from the rest. Demand elsewhere in the OECD 
nations has peaked already and is on a downward trajectory - 
all the future increase in global oil demand will derive from the 
developing nations. 

So what has changed to make peak oil demand now come 
onto the agenda – and what makes this one different from 
previous historical peaks in demand?
It is the alignment of the three principal policy drivers on a 
global basis that is key, and these have each grown stronger 
since we first postulated the concept of peak demand. 
Security of energy supply remains a present and perhaps 
growing concern in the context of the Arab Spring. The 
environment also remains a key issue globally in terms 
of CO2, and locally in China as well as other developing 
countries, in terms of urban air quality. All economies 
require commodity price predictability and, ideally, stability 
for sustainable growth, and volatility of energy pricing is 
a real and present policy nightmare the world over. All of 
these things have brought about a sea-change in the policy 
context and created a new focus on moving the world energy 
economy towards a new paradigm. This is a tipping point in 
policy terms that we do not believe is reversible. 

“All of these things have 
brought about a sea-change 
in a policy context and created 
a new focus on moving the 
world energy economy into a 
new paradigm. This is a tipping 
point in policy terms that we do 
not believe is reversible” 
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for improved fuel efficiency
on track

RAiL

The mainland UK rail network is unusual in its use of a high proportion of diesel 
traction for both passenger and freight services. Anthony Smith reports on a 
Ricardo-led investigation of a range of technology options aimed at improving fuel 
efficiency while meeting industry expectations for commercial return on investment 
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of the network, the GB rail network’s 
reliance on diesel will remain high 
by comparison with its peers for the 
foreseeable future.

A further unique aspect of the GB rail 
network that distinguishes it from its 
more vertically integrated international 
comparators is in the commercial 
separation between the rolling stock 
leasing companies, passenger service 
franchisees and freight operators, 
and the ownership, management and 
maintenance of the infrastructure and 
permanent way. This fragmentation 
of ownership and operational control 
inevitably represents a challenge to 
co-ordinated efforts to introduce new 
technologies where, for example, they 
cut across commercial boundaries 
or where the timescales required for 

By comparison with systems of its 
size in similarly developed nations, 
especially those of Western Europe, 
the mainline rail network of Great 
Britain (GB) has a relatively low level 
of electrification. While many of its 
regions have long been electrified, there 
remain significant parts – including 
some of the major intercity routes – 
beyond the current reach of overhead 
lines or conductor rails. Faced with this 
patchwork of electrification extending 
to around a third of the network, it is 
hardly surprising that a large proportion 
of regional and intercity passenger 
services, as well as almost all freight 
movements, are provided using diesel 
traction. While the UK government has 
recently announced plans to extend the 
reach of electrification to further parts 

a return on investment exceed the 
commercial parameters of the train 
operating franchises. These commercial 
obstacles to innovation are further 
compounded by one very practical one: 
the GB rail network is subject to a very 
restricted loading gauge. This greatly 
restricts the available opportunities for 
the adoption of internationally generic 
vehicle solutions as well as limiting the 
packaging space for more complex on-
board powertrain systems.

Need for research
Despite its technical and operational 
idiosyncrasies, the GB rail network can 
claim to be something of a success 
story in terms of demand for its 
services. Over the last 15 years it has 
experienced a significant increase 
in passenger and freight traffic, with 
demand in both sectors expected to 
continue to rise over the foreseeable 
future. With traffic steadily increasing, 
the need to reduce fuel consumption 
and contribute to national carbon 
reduction targets is an increasing 
imperative for the UK Government’s 
Department for Transport. 

In mid-2011 the Department placed 
a contract with Ricardo, supported by 
TRL, to investigate the further practical 
and commercially attractive options 
that could be deployed in order to further 
improve fuel efficiency. The study 
was in particular intended to explore 
technologies from non-rail sectors 
that might be applied to diesel powered 
rolling stock, either retro-fitted to parts 
of the existing fleet or included in the 
specification of new vehicles – in each 
case with the objective of improving 
fuel efficiency and reduce operating 
costs. Separately the study was also 
tasked with assessing past successes 
and failures in the application of new 
technologies within the GB rail sector, 
with the aim of identifying common 
critical success factors that might form 
the basis of future implementations.

“We were extremely pleased to 
have been asked by the Department 
for Transport to lead this strategic 
study,” said Ricardo head of rail vehicle 
technology, Jim Buchanan. “A core 
strength of Ricardo in recent years has 
been in the development and application 
of many of the technologies and 
innovations that have led to significant 

on track The patchwork nature 
of electrification of 
the GB rail network 
means that that a 
large proportion of 
regional and intercity 
passenger services, 
as well as almost all 
freight movements, 
are provided using 
diesel traction
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improvements in diesel fuel efficiency 
and reduced emissions in sectors 
ranging from commercial truck fleets to 
off-highway equipment. With the strong 
industry background of our rail sector 
team, we were thus ideally placed to 
evaluate the commercial and technical 
transferability to railway applications of 
these technologies and innovations.”

While Ricardo led on the technology 
evaluation aspects of the research, 
TRL focused on evaluating efficiency 
improvement initiatives to date in 
order to identify, through stakeholder 
engagement and development of 
case studies, where these have been 
successful and where lessons can be 
learned in terms of likely technical and 
operational incentives and obstacles.

Emissions regulations
The rail industry was not subject to 
compulsory emissions regulation until 
the European Union’s Non-Road Mobile 
Machinery (NRMM) Stage IIIA limits 
were introduced in 2006, effective from 
that date on most passenger trains 
and on locomotives from 2007 or 2009 
depending on their rated power. Stage 
IIIB emissions limits come into effect 
in 2012 for all diesel rail vehicles, with 
Stage IV not expected before the end of 
the current decade. 

This situation with regard to the 
comparatively very recent imposition 
of rail diesel emissions regulation 
contrasts with the steady increase in 
the level of regulation applied over the 
past two decades to on-highway diesel 
engines used in heavy truck fleets across 

most developed markets around the 
world. The success of these non-rail 
sectors in bringing forward new low 
emissions technologies, in particular 
to reduce NOx, is well documented. 
Such reductions have been achieved 
alongside continuing improvements in 
real-world fuel consumption via the use 
of increased power density by moving 
from predominantly naturally aspirated 
to turbocharged and charge air cooled 
engines, changing from mechanically 
governed to electronically controlled 
engines, and introducing increasingly 

high pressure fuel injection and advanced 
combustion system innovations. 

However, whereas the on-highway 
sector can amortize the costs of 
technological development across 
high production volumes of generic 
products, new diesel powertrains for 
highly specialized applications such 
as the GB rail sector remain a niche 
and prohibitively expensive prospect. 
Moreover, as the NRMM regulations were 
not retrospectively applied other than 
for complete engine replacements, and 
also because average vehicle service life 
on the railway vastly exceeds that for 
on-road applications, commercial train 
operators and owners will be primarily 
interested in upgrades to the existing 
powertrains of the current fleet. 

Classifying the fleet
Owing to the limitations of the study 
it was not possible to evaluate or 
provide specific recommendations for 
each class of rail vehicle. Instead, the 
country’s diesel multiple unit (DMU) 
and diesel locomotive fleets were 
analysed in order to identify the most 

The research aimed to 
assess the transferability 
of technologies that 
have contributed to 
improvements in diesel 
powertrain efficiency in 
non-rail sectors and to 
assess successes and 
failures in applying new 
rail technology through 
stakeholder engagement.  
This enabled the 
identification of 
technology packages for 
possible consideration

“A core strength of Ricardo in recent years has been 
in the development and application of many of 
the technologies and innovations that have led to 
significant improvements in diesel fuel efficiency 
and reduced emissions” 
Jim Buchanan, Ricardo head of rail vehicle technology
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commercially and environmentally 
attractive improvement opportunities. 
The DMU fleet comprises in excess of 
20 individual classes of vehicle. For 
the purposes of the study, these were 
grouped into three categories based 
on engine type. The largest group, 
consisting of the oldest engines with 
the most potential for improvements 
in fuel efficiency – and representing 55 
percent of the DMU fleet and 57 percent 
of total vehicle mileage – was selected 
for in-depth research. To provide a basis 
for comparison of both existing and new 
technologies, recorded operating duty 
cycle data was used to represent both a 
typical intercity route and a local route 
with lower speeds and more frequent 
station stops. 

For the analysis of freight applications, 
the Class 66 locomotive was selected as 
the focus of the research as this vehicle 
forms the backbone of the country’s 
rail freight network, representing 48 
percent of the freight locomotive fleet 
and 87 percent of overall freight distance 
travelled. The duty cycle used for the 
evaluation of new technologies on freight 

locomotives was based on 103,600 
hours of test data recorded from a study 
published in 2006.

In order to evaluate the potential 
costs and fuel consumption benefits 
of applying new technologies both 
to the existing fleet as well as to new 
vehicles, Ricardo evaluated the effects 
of engine enhancements, parasitic loss 
reduction measures, waste heat recovery 
innovations, transmission and driveline 
system improvements, energy storage 
technologies and various hybridization 
measures. These were grouped into 
practical ‘technology packages’ for each 
vehicle type, in order that their respective 
costs, benefits and investment payback 
periods could be calculated.

Technologies reviewed
The research team at Ricardo 
investigated a range of technologies 
from non-rail market sectors where 
similar classes of diesel power are 
deployed. In each case the technologies 
were assessed in detail in terms of their 
maturity for rail application, their capital, 
development and maintenance costs, 

their reliability and durability and their 
potential impacts on regulated noxious 
emissions. 

In addition to the above the 
investigation took in three further groups 
of technologies which are likely to have a 
role to play in future rail vehicles. These 
included aftertreatment systems for 
Stage IIIB and IV compliance, biofuels and 
alternative fuels, and fuel cell systems 
for both traction powertrain and auxiliary 
power unit applications. 

In parallel with Ricardo’s research 
on powertrain technologies, TRL 
focused on an evaluation of efficiency 
improvement initiatives to date in 
order to identify, through stakeholder 
engagement and development of 
case studies, where these have been 
successful and where lessons can be 
learned in terms of likely technical and 
operational incentives and obstacles. 
A series of research interviews was 
carried out with rolling stock leasing 
companies, freight and train operating 
companies (franchise holders) and 
engine suppliers. 

This work highlighted the unique 
organizational challenges presented by 
the commercially fragmented nature 
of the GB rail industry in implementing 
fleet-wide improvement initiatives. The 
key finding of this work was that the 
greatest benefits of new technology 
implementation programmes is realized 
when the rail industry can form coalitions 
of common interest that cut across its 
many internal commercial boundaries. In 
this way, the scope for the effective roll-
out of a given fuel saving initiative can be 
made as large as possible so as to reduce 
the development and implementation 
overheads, thus creating an economic 
case where one might not have existed 
for a smaller fleet such as that operated 
by a single leasing company or train 
operator.

Technology groups considered in the study:
Engine enhancements:  » Gas exchange system

 » Combustion system
 » Engine friction reduction & lubricants
 » Fuel additives

Engine parasitic loss reduction:  » Oil pump
 » Water pump
 » Compressor & auxiliary alternator
 » Variable speed fans
 » Heat exchanger arrangement
 » Air flow rate through cooling pack

Waste heat recovery  » Mechanical turbo-compound
 » Electrical turbo-compound
 » Thermoelectric generators
 » Rankine cycle
 » Stirling engine
 » Heat to cool system
 » Thermal phase-change
 » Fuel reformation using exhaust heat

Transmission & driveline systems  » Mechanical transmissions
 » Hydraulic infinitely variable transmission (IVT)

Hybrid powertrain systems & 
energy storage

 » Stop/start battery system
 » Mild hybrid system
 » Full hybrid system
 » High speed flywheels
 » Batteries
 » Ultracapacitors
 » Hydraulics

Additional efficiency 
improvements 

 » Powertrain system optimisation 
 » Multiple engine stop/start systems
 » Auxiliary power units (APU)

Additional technology groups considered for longer-term options:
Stage iiiB compliant 
aftertreatment system options

 » Diesel particulate filter (DPF) + Exhaust gas recirculation
 » DPF + selective catalytic reduction (SCR)
 » Diesel oxidation catalyst + SCR
 » Ricardo Twin Vortex Combustion System

Biofuels & alternative Fuels  » Fatty Acid Methyl Esters (FAME)
 » Biogas to liquid (BTL)
 » Hydrotreated Vegetable Oil (HVO)
 » CNG/Biogas
 » Hydrogen

Fuel cell systems  » Fuel cell powertrain or APU
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Seven technology packages
Based on the comparison of candidate 
technologies and the stakeholder 
engagement work, seven candidate 
technology packages were generated for 
possible implementation on the GB diesel 
fleet; of these, five were targeted at the 
older DMU vehicles and two at the Class 
66 freight locomotive fleet. Each of these 
technology packages was assessed 
in terms of its potential percentage 
improvements in fuel consumption over 
the intercity, local and freight duty cycles, 
based on an assumed five percent annual 
increase in the cost of diesel fuel for the 
foreseeable future. 

The costs of development, 
implementation and incremental 
changes to maintenance procedures 
were calculated based on an assumed 
batch size of 200 DMUs or 450 
locomotives, representing a realistic 
scale for cross-industry collaboration. 
By combining these data sets, 
estimates of the likely payback period 
were possible for each of the selected 
technology packages.

For the DMU upgrades the first 
four packages were based on an 
assumption that they would be retro-
fitted to the existing fleet. In order of 
increasing complexity these included 
an upgrade of the gas exchange 
system, a replacement transmission 
system, a combined upgrade of 
the gas exchange and combustion 
system, and the application of a stop/
start level of hybridization. The fifth 
DMU technology upgrade package 
was a comprehensively new Stage 
IIIB compliant powertrain system 
encompassing advanced features 
such as flywheel energy storage, stop/
start operation and electrical turbo-
compounding. This final package would 
clearly be most practically applicable to 
new rolling stock orders.

Technology Package 1 (gas exchange 
system upgrade) was found to be the 
most attractive for the older vehicles of 
the DMU fleet, with a payback period of 
3.1 years for intercity use and 4.3 years 
for local duty cycles. The reason for this 
difference between duty cycles is that 
the higher annual mileage of the intercity 
operation – 150,000 miles (242,000 km) 
as opposed to 110,000 miles (177,000 
km) – affords a greater opportunity 
for fuel saving. Technology Packages 2 
(transmission upgrade) and 3 (combined 
gas exchange and combustion system 
upgrade) offered less attractive payback 
periods of between 10 and 15 years 
depending on duty, again skewed in each 
case in favour of intercity applications 
due to the higher mileage. By contrast, 
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technology packages 
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Payback period calculations for freight 
locomotives show that TP #6 is very 
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Technology Package 4 shows a greater 
advantage for the local duty cycle due to 
the greater frequency of station stops 
where stop/start technology provides its 
greatest benefit. However, at a projected 
payback period of in excess of 25 years, 
this option is clearly not commercially 
viable. 

Technology Package 5 is by far 
the most attractive solution in 
environmental terms but is not 
strictly comparable with the previous 
packages which are appropriate only for 
retrofitting to existing vehicles. In a new 
rolling stock application the effective 
‘payback’ of Technology Package 5 
would be considerably reduced as the 
new engine would not represent an 
incremental cost as it does in the case 
of repowering an existing vehicle. 

improving freight fuel efficiency
For the Class 66 freight locomotive, two 
technology packages were considered. 
The first, Technology Package 6, was 
suitable for retrofit application and 

incorporated an idle stop/start system, 
gas exchange system upgrade, and 
the addition of a small generator set 
to provide hotel loads while the main 
engine is not running. As with the DMU 
analysis, the final technology package 
was representative of a Stage IIIB 
powertrain that might be considered for 
new rolling stock. 

While stop/start may at first sight not 
appear particularly applicable to freight 
operation, the recorded test data used 
as the basis of this study showed that 
over the 103,600 hours of recorded data, 
locomotive engines spent 84 percent 
of the time at idle. This was not solely 
while the vehicles were stationary but 
also when coasting during braking or 
descending gradients. While freight 
operating companies have recently 
attempted to implement operating 
procedures requesting drivers to shut 
engines down manually if not used for 
more than 10 minutes, this removes 
any hotel provision for cabin heating and 
air conditioning and is also clearly not 

applicable unless the vehicle is stationary. 
For the purposes of this analysis, this 
more recent procedural change to 
operating rules has been ignored. 

With a commercial payback period of 
less than one year, Technology Package 
6 as applied to the Class 66 locomotive 
is clearly very attractive, saving a 
potential total of 89 million litres of diesel 
annually if applied to all vehicles of this 
type. As with the DMU study, the last of 
the technology packages considered – 
incorporating two different prime movers 
of approximately 2000 kW and 560 kW 
respectively so as to provide maximum 
operational flexibility and efficiency – 
provides the best environmental benefit 
in terms of fuel efficiency, but is strictly 
applicable only to new rolling stock.

Next steps
With the study now completed, Ricardo 
and its partners are in the process of 
discussing opportunities with a range 
of key industry stakeholders. While 
the study necessarily had to provide 
a simplified assessment of just seven 
technology packages across two 
vehicle types, Buchanan says that the 
potential is already clear: “The challenge 
of identifying the optimal technology 
solution for a given fleet of vehicles is 
complicated by the business parameters 
within which each train operator and 
rolling stock owner is operating. However, 
as the study has indicated, there are 
a number of technology packages 
applicable to new vehicles as well as 
for retrofitting to existing fleets, some 
of which offer the prospect of very 
tangible fuel consumption savings as 
well as attractive commercial returns on 
investment.”

This is a view echoed by a spokesperson 
for the Department for Transport: 
“The rail industry has made significant 
improvements in fuel consumption at an 
operational level in recent years, but this 
report highlights further technology-led 
initiatives that could also be considered 
with the aim of reducing fuel costs as well 
as delivering environmental benefits in 
terms of reduced fuel consumption and 
carbon emissions.” 

”The challenge of identifying the optimal technology 
solution for a given fleet of vehicles is complicated 
by the business parameters within which each train 
operator and rolling stock owner is operating” 
Jim Buchanan, Ricardo head of rail vehicle technology
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on conventional cars: there is more scope for absolute gains and 
many of the lessons learned on ultra-efficient electric vehicles 
can be applied to the gasoline and diesel models that form the 
overwhelming majority of light vehicle sales.

This was the thinking of a team of Ricardo engineers taking 
part in the major UK government supported programme 
designed to identify the most promising technologies for 
future vehicles. The Low Carbon Vehicle Technology Project 
(LCVTP) was launched in early 2010 as part of a UK government 
initiative to declare the West Midlands region a Low Carbon 
Economic Area for advanced automotive engineering. It 
comprised a combined financial investment worth £19 million 
by regional development agency Advantage West Midlands 
and the European Regional Development Fund, with further 
contributions from the project’s industrial research partners. 
In addition to Ricardo, the partners in the project included 
Jaguar Land Rover, MIRA, Tata Motors European Technical 

Less than a quarter of a typical road vehicle’s fuel is used for propulsion: the 
rest is wasted as heat. As part of the UK Low Carbon Vehicle Technology 
Project, Ricardo has been investigating how to reduce these parasitic losses 
right across the system, identifying solutions which could benefit all types of 
vehicles. Tony Lewin speaks to members of the project group

While some uncertainty still remains over the scale and pace of 
the adoption of electric vehicles, one thing is already abundantly 
clear: the key selling point influencing the rollout of battery 
models is the distance that can be driven on a single charge. 

That distance depends directly on the how much of the 
battery’s charge is turned into useful motive power and how 
much goes to waste through parasitic losses that do nothing 
to help get the vehicle from A to B – losses such as friction 
within bearings, rolling resistance of tyres and electrical 
consumers like lights and air conditioning. As electric motor 
efficiency is already within the 90 percent bracket, these 
parasitic losses have a disproportionately large influence on 
EV range: a 10 percent reduction in tyre rolling resistance, for 
instance, could boost vehicle range significantly.

 The real good news, however, is that this benefit doesn’t just 
apply to the relatively few early adopters who take the plunge 
into EV ownership. Parasitic losses are, if anything, even bigger 

wastewar onPASSENGER CAR
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Centre, Zytek Automotive, Coventry University and the Warwick 
Manufacturing Group (WMG). The project looked at 15 different 
areas within the vehicle, with some of the separate work 
streams applying their innovations to a single technology 
demonstrator vehicle based on a Land Rover Freelander. The 
areas of innovation ranged from batteries and motors to air 
conditioning and even the lifecycle analysis of the whole vehicle. 

Reducing parasitic losses
Such is the breadth of Ricardo’s capability in the low-carbon 
field that it was involved in almost all the work streams and 
took the lead role in three: studying auxiliary power units for 
range-extended electric vehicles; examining the potential for 
energy recuperation from hot sources such as the coolant and 
the exhaust gas stream, and investigating the wide spectrum 
of parasitic losses that drag down the efficiency of the whole 
vehicle, no matter how advanced its power source might be.

Taking a range-extended electric vehicle (REEV) as the core 
configuration, the Ricardo team examined the performance 
of all the sub-systems downstream from the traction motor – 
the gearbox, final drive, bearings and tyres – and also looked at 
electrical sub-systems in order to determine the potential for 
reducing parasitic losses. 

“Conventionally powered vehicles have significant heat 
energy losses via the combustion process and friction,” says 
work stream leader, Ricardo, Neil McGregor. “In a battery 
electric vehicle, energy losses to aerodynamics and tyre rolling 
resistance, the gearbox and base electrical loads become the 
most significant.”

On the REEV, McGregor and a team drawn from Jaguar Land 
Rover, WMG and Coventry University focused most closely on 
tyres, wheel bearings and the losses within a notional three-
speed gearbox, chosen for the REEV architecture so to as to 
allow the use of smaller, higher speed traction motor.

“Improvements to gearbox meshing and churning efficiency 
and low voltage electric losses have been the surprise 
discoveries from this project and have a good potential for 
improvements to conventional vehicles,” says McGregor. 
“It’s apparent that only a limited amount of research and 
improvement has been undertaken in these areas to date.”

Similarly, he says, the evolution of low rolling resistance tyres 
has started to offer real world savings in fuel economy and CO2: 
some tyre types already offer a 20 percent reduction in rolling 
resistance, with further improvements in the pipeline. Bearings 

and seals in the driveline also offer scope for reduction in drag 
torques, often up to 80 percent, though their overall contribution 
is still small. By comparison, much bigger savings can be obtained 
by revising gearbox design to eliminate the churning losses of 
splash lubrication by using an oil pump and jet system absorbing 
as little as 1 percent of the churning energy. 

The other unexpected area promising potential 
improvement is that of low-voltage circuits: one example 
quoted is that of LED headlights which impose only a quarter 
of the current drain of conventional halogen units. By 2022, 
calculates McGregor, the reduction in parasitic energy loss 
at component level could reach 10 percent for the gearbox 
meshing and churning, between 25 and 35 percent for 
bearings and seals, 15 percent for tyres and as much as 50 
percent for ancillary electrical systems.

“Overall,” says McGregor, “we could be looking at an 
aggregate improvement at vehicle level of 2.5 to 3 percent 
within five years, and 10 percent in 10 years. That’s excluding 
aero, which is about the same.”

“improvements to gearbox meshing and 
churning efficiency and low voltage electric 
losses have been the surprise discoveries 
from this project and have a good potential 
for improvements to conventional vehicles” 
Neil McGregor, Ricardo

The worst wasters
For a range-extended electric vehicle over the NEDC 
cycle the energy losses could typically be:

Aero/wind resistance 30 – 40 percent
Tyre rolling resistance 25 – 35 percent
Electrical system losses 8 – 12 percent
Gearbox  4 – 8 percent
Braking 8 – 12 percent
Neil McGregor, Ricardo

Conversion, distribution
and transmission losses
(Source Digest of United Kingdom energy 
statistics DECC 2010)
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Stirling engine
This two-cylinder external heat source engine relies on a 
temperature gradient to cause its internal working gas 
to expand and move from the hot cylinder to the cold, 
turning the crankshaft as it does so. in the cold cylinder the 
gas contracts, drawing both pistons outwards again and 
transferring the gas back to the hot cylinder for the process to 
begin once more.

The Stirling engine’s use of an external heat source has 
attracted the attention of auto engineers wanting to exploit 
wasted exhaust heat; Toyota has developed a unit which 
gives 710 W at 100 km/h, but packaging and the subsequent 
conversion of mechanical energy into electricity are still major 
problems to be overcome. Nevertheless, Ricardo estimates 
a fuel economy benefit of up to 10 percent on heavy duty 
vehicles, thanks to its high efficiency of up to 20 percent.

Capturing heat energy
It is an uncomfortable fact that even the very best internal 
combustion engines are only able to convert around one 
third of their fuel’s energy content into useful power at the 
crankshaft; most of the energy is lost as heat, either radiated, 
rejected into the cooling system or sent out of the exhaust 
pipe as hot gases. 

While radiated heat is almost impossible to recapture, 
engineers have in the past experimented with retaining heat 
from the coolant in phase-change materials. However, the 
LCVTP Waste Energy work stream, also under Ricardo, chose 
first to explore the recovery potential from the exhaust 
stream. Even on a REEV, where the auxiliary power unit (APU) 

is used only intermittently, this represents much the largest 
energy source, accounting for up to one third of all wasted 
energy – between 30 and 50 kW on the project vehicle, at 
a useful 600 to 700 Celsius of ‘high grade heat’. The APU 
coolant, by contrast, would yield between 15 and 35 kW at 
lower temperatures that might be termed ‘low grade heat’.

The team’s initial target was to generate an average of 500 
to 650 Watts to cover the vehicle’s base electric demand. 
“The exhaust is the obvious place to look, as it’s the biggest 
and highest-quality source of waste heat,” says Ricardo team 
leader Julian Dunn, ensuring that the team focused its closest 
attention on the types of technology able to convert exhaust 
heat into electrical energy. 

Offsetting some of the DC/DC demand on the high-voltage 
battery would allow an increase in electric range or a reduction 
in battery cost, as well as a cut in overall CO2 emissions; the 
technologies will also be eligible for eco-innovation credits – 
currently up to 7 g/km CO2 – under the EU’s corporate average 
CO2 emissions strategy.

Initial simulations soon showed significant differences: a 
thermo-electric generator relying on the Seebeck effect (see 
panel) and coupled to a 40 kW APU could produce between 
400 and 500 W (based on the actual thermoelectric material’s 
efficiency or so called “ZT merit coefficient”). On the other 
hand, turbogenerators – effectively exhaust-driven turbines 
coupled to a generator – might yield up to 5 kW, albeit at the 
cost of an increase in exhaust back pressure, although this in 
itself might be used as a means of reducing exhaust system 
noise attenuation requirements, thereby providing spin-off 
benefits such as cost, weight and package reductions.

While the APU may not run as frequently as a conventional 
powertrain engine, it does tend to operate within a narrow 
speed range of perhaps 2500 to 3000 rev/min; this allows the 
turbo-generator to be optimized for steady-state operation, 
with no concern for transient response. Impressively, initial 
findings indicate that at least 16 percent of the energy lost in 
the exhaust system can be recovered.

Thermal storage
This can take several forms: the most familiar are phase-
change materials (PCM) that absorb extra energy, without 
temperature rise, as they pass from one state to another. In 
Dunn’s example, this energy could come from the transmission 
and final drive unit oil circuits: “You flow the oil through the PCM, 
and when the engine is at full operating temperature the PCM 

Corresponding vehicle energy use – simulation results 
for combined Artemis cycles (Source: Ricardo analysis)
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will be charged up. That energy will be stored when the engine 
is turned off: when you restart the engine the oil will circulate 
through the PCM again, releasing the energy back into the oil 
circuit to warm up those devices again.”

Some 2 MJ can be stored in a unit weighing 10 kg, and the 
benefit can be considerable: an improvement of between 
1.2 and 2 percent in the NEDC cycle, corresponding to a CO2 
reduction of up to 4 g/km. Ricardo is working on a range of 
different PCMs that transition at different points between 47 
and 87 degrees for the various on-board devices whose heat is 
to be captured.

One of the largest non-drivetrain loads in any EV or REEV is 
that of the air conditioning system. This can absorb up to 

6 kW during a cool-down process from 45 Celsius, 
dramatically shortening the vehicle’s useful range – especially 
during urban driving conditions, in which electric range can be 
reduced by 20 to 30 percent. Yet, perhaps counter-intuitively, 
heat sources can be used to cool the cabin and thus save a 
significant electrical load. With absorption cooling, waste 
heat at around 90 degrees in the cooling system flows into 
the chiller unit to promote the absorption of the refrigerant; 
that refrigerant is pumped into the condenser side, where the 
expansion of the medium gives a cooling effect.

“The coefficient of performance is only 0.7,” says Dunn, “but 
the heat source is free – there is no additional energy put into 
the system.” Benefits, he notes, are again encouraging: such 
a system could reduce cabin cooling electricity demand by 
2 kW – equivalent to 1 to 2 litres per 100 km – at 45 Celsius 
ambient. A potential drawback is that the higher the ambient 
temperature, the smaller the temperature difference between 
the hot and the cold, hampering cooling efficiency just when it 
is needed most.

A second option is adsorption cooling, broadly similar except 
that the refrigerant is adsorbed and evaporated from solid 
rather than liquid. Again, says Ricardo project member  
Dr Cedric Rouaud, different heat recovery solutions will be 
chosen for each type of vehicle: EVs, for instance, are hampered 
by the fact that there is no high-grade heat available.

outlook
With several companies and organizations contributing their 
expertise to the LCVTP, a broad spectrum of imaginative 
energy-saving innovations are now in the melting pot. 

All agree that there is a significant amount of energy 
wasted, even on the very best current vehicles, and that the 
real challenge is to recover this energy in an effective way. 
Any reduction in wastage would have a directly beneficial 
result, allowing range to be increased in EVs and REEVs and 
permitting a reduction in battery size and cost to offset 
the extra cost of the recovery system. There could also be 
significant read-across to conventional combustion-engined 
vehicles.

Yet, says Julian Dunn, not all these technologies provide 
visible benefits in the current NEDC test procedure, with 
thermo-electric and turbogenerators unlikely to be active 
during such a short cycle with powertrain and after-treatment 
warm-up. “All solutions will be assessed on the basis of cost, 
weight, suitability and technical maturity”, he promises. 

The Seebeck effect
This occurs in special semiconductor materials when 
exposed to a temperature gradient, which causes 
a potential difference between the device’s hot and 
cold sides. Configurations differ, but in automotive 
thermoelectric applications the hot side is applied to the 
exhaust system and the cold to the ambient air.

on an engine rated at 40 kW, Ricardo estimates an 
electrical output of 400 to 500 W, perhaps extending to 
over 1 kW in the near future thanks to thermoelectric 
materials’ merit coefficient increase.

There must be a temperature difference between
the hot and cold sides for power to be generated

One Seeback device “couple” consists of one
N-Type and one P-Type semiconductor pellet
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Auxiliary Power units 
APus are small engines linked directly 
to generators to recharge the vehicle’s 
traction battery when it becomes depleted. 

The LCV technology demonstrator 
investigated the use of a modern volume 
production two-cylinder Fiat TwinAir 
unit coupled to a bespoke permanent 
magnet generator, designed by Ricardo, 
in place of the flywheel. Here, the TwinAir 
engine is shown installed in the Freelander 
demonstrator. Adapting the gasoline 
engine to the Atkinson cycle could cut fuel 
consumption by around 7 percent, say 
Ricardo engineers.
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RiCARDo news
Latest developments from around the global Ricardo organization

Ricardo’s progress in the thriving 
offshore wind industry continues with 
the signing of an engineering services 
contract with David Brown, a leading 
global provider of industrial gearing 
solutions and support services. 

Following David Brown’s 
announcement of its collaboration 
with Samsung Heavy Industries 
(SHI) to design and manufacture an 
innovative 7 MW gearbox for a new 
range of offshore wind turbines, 
Ricardo is delighted to announce that 
it has been selected by David Brown to 
provide a range of engineering support 
services for this project. Ricardo will 
undertake support activities covering 
concept review, dynamic analysis, 
validation of detailed component and 
system analyses, and assistance to 
the drivetrain rig and field testing 
in order to facilitate the final 
certification process. 

David Brown has a highly 
successful history in both the design 
and manufacture of complex and 
innovative gear systems and will 
work in close collaboration with SHI 
to develop an advanced 7 MW wind 
turbine gearbox that, thanks to its 
compact modular architecture and 
low weight, is able to lower the cost 

of energy. Ricardo will work alongside 
David Brown to provide an additional 
assurance step in this project for both 
David Brown and its customer. 

“Offshore wind presents a huge 
opportunity,” said managing director 
of Ricardo UK, Martin Fausset, “and 
I’m delighted that we have been 
chosen by David Brown as a provider 
of engineering support services 
for their new multi-MW gearbox. 
This project builds upon the solid 
foundations laid over the last year in 
our other wind programmes. Ricardo 
is delighted to be working with David 
Brown and looks forward to developing 
the relationship further and 
capitalizing on the growing offshore 
wind market.”

Offshore wind is set to be the 
major growth area in the wind turbine 
market, with manufacturers requiring 
high quality, reliable solutions that 
offer improvements in the through-
life cost of energy. In addition to 
this project, Ricardo is also actively 
developing its clean energy business 
further in other areas including marine 
energy, energy storage and smart 
grid systems, concentrated solar 
power, fuel cells and combined 
heat and power systems.

“Our design and specific application 
focus is providing a new generation 
of reliable gear systems that deliver 
lower costs of energy to offshore wind 
turbine operators across the globe,” 
said Ian Farquhar, managing director 
of wind energy at David Brown. “It is 
important to this innovative project 
that every aspect of gearbox design 
is independently verified and we are 
delighted to have Ricardo working with 
us to provide additional assurance. 
Ricardo brings cutting-edge tools 
and thinking from many demanding 
industries including wind energy 
and power generation and we 
are looking forward to a very 
successful collaboration.”

Bugatti has placed a further 
contact for the production of the 
advanced, award-winning Dual 
Clutch Transmission (DCT) system of 
its iconic Veyron supercar. The new 
order represents a further two years 
of production for the DCT unit, which 
was designed in collaboration with 
Ricardo and is manufactured at the 
Ricardo facility at Leamington, uK.

The seven-speed DCT of the Veyron 
is the result of a highly successful and 
long-standing design, development 
and manufacturing collaboration 
between Ricardo and Bugatti, a joint 

endeavour that encompasses both 
the transmission hardware and its 
electronic control unit and software. 
This state-of-the-art transmission is 
an important contributor to the high-
quality driving experience offered by 
all versions of the Bugatti Veyron. in 
addition to providing support on the 
design and development of the DCT, 
Ricardo has been responsible for the 
manufacture and supply of these 
class-leading transmissions for 
all versions of the Veyron since the 
launch of this exceptional supercar 
in 2005.

Clean Energy

Ricardo signs offshore contract

High Performance Vehicles & Motorsport

Bugatti DCT
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in late 2008. The initial programme 
of work, led by Ricardo’s strategic 
consulting and Indian divisions, 
addressed the key levers for the 
development of such a capability for 
Sharda, including product strategy, 
development processes, tools and 
facilities, infrastructure requirements, 
and the skills and core competence 
requirements for the company’s staff.

Following this initial strategic 
collaboration, practical technology 
transfer and engineering support 
efforts in the design and development 
of exhaust systems, using the latest 
CAE technology, was led by engineers at 
Ricardo Germany. Training was provided 
at the Ricardo technical centre at 
Schwäbisch Gmünd, southern Germany, 
in the acoustic development of exhaust 
systems using the Ricardo WAVE 1D gas 
dynamics and performance simulation 
software. Training was also provided 
in the use of the VECTIS CFD package 
for complex flow optimization studies, 
and Sharda is now an established user 
of both of these advanced Ricardo 
Software CAE products. 

Complemented by technology 
transfer in areas including mechanical 
design, validation testing and project 
planning and management, Sharda 
opens its new R&D centre fully equipped 
to take on the challenges of product 
research and development both for its 
customers in India and overseas.

The start of 2012 was marked by key 
milestones in the developing presence of 
Ricardo in India. At the prestigious Auto 
Expo show – India’s premier international 
automotive event – Cooper Corporation 
further underscored its long-standing 
and successful collaboration with 
Ricardo with the launch of a new range 
of engines for both automotive and off-
highway applications. 

The new in-line four- and six-
cylinder engines will provide power 
ranges of 100-125 kW and 156-200 
kW respectively and are targeted 
at both the Indian and international 
markets. In addition to powering the 
latest automotive products, the new 
engines are targeted at a wide range of 
off-highway and industrial applications 
ranging from large fork-lift trucks 
to generator sets and construction 
equipment including earth movers. 

A completely new design, the engines 
incorporate a range of advanced 
technologies that make them highly 
fuel efficient, robust and durable, easy 
to maintain, and which provide excellent 
NVH characteristics. Moreover, 
equipped with its common-rail fuel 
injection system, the automotive 
variant meets Bharat Stage IV 
emissions levels, while its off-highway 
counterpart, which uses a mechanical 
fuelling system, will be capable of 
achieving the CPCB II emissions norms 
that are applicable from 2013. Building 
on a full range of engines delivered from 
the very successful collaboration with 
Ricardo, the new engine family now 
includes two-, three-, four- and six-
cylinder variants following the launch of 
the first two-cylinder model in 2010. 

The new Mahindra Xylo
The launch of the new Cooper engines 
was followed in mid-February with the 
announcement of the latest version of 
Mahindra’s Xylo. The new E9 flagship 
variant of this highly popular Indian SUV/
MPV range has been launched with a 
brand new five-speed transmission, 
developed jointly by Ricardo and 
Mahindra. A key aspect of the design of 
the new 5MT320 transmission was the 
requirement to offer exceptional shift 

quality, comparable with or exceeding 
that of current sector-leading products. 
The transmission makes its debut in the 
Indian market matched to the 2.2-litre 
mHAWK engine delivering peak power 
and torque of 120 PS and 280 Nm 
respectively on the E9 variant of the Xylo.

“The all-new Xylo provides a stylish 
vehicle choice that will appeal to both 
existing and new customers looking for 
product options across the sedan, MPV 
and SUV sectors,” said Sanjay Gill, senior 
general manager, driveline, Mahindra & 
Mahindra Ltd. “In creating a high-quality, 
technology-packed product such as this, 
we are particularly happy with the way 
in which we have worked with Ricardo to 
develop the brand new transmission of 
the premium E9 variant.”

New R&D centre for Sharda Motor
Also in mid-February, a team from 
Ricardo India was invited to attend as 
guests of honour at the inauguration 
of the new technical centre for Sharda 
Motor Industries Ltd, located at 
Mahindra World City, Chennai. Sharda 
and Ricardo have been engaged in 
collaborative work on this project for 
almost four years. 

Sharda is India’s largest 
manufacturer of automotive exhaust 
systems and first announced its work 
with Ricardo support to create an 
in-house, state-of-the-art product 
research and development capability 

Ricardo india

Collaboration is key 
for Ricardo India 

The new Sharda 
Motors R&D centre in 
Chennai
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The MiA Business Excellence Awards were first 
introduced in 1995 and are now held annually 
to recognize the high standards of skill and 
professionalism achieved at all levels within the 
motorsport and high performance engineering 
industries. The award winners are decided by the 
industry and MiA members who are invited to 
vote in each of the seven categories. At the 2012 
awards ceremony, hosted in parallel with the 
Autosport international show in Birmingham, 
uK, Ricardo was named winner in the category 
of motorsport ‘Business of the year’.

Receiving the MiA award from Xtrac 
managing director Peter Digby (far left), 
Ricardo director of high performance 
transmission products Mark Barge (left) said:  
“This accolade is a reflection of the hard work 
and dedication of Ricardo staff in delivering 
the very best of products and technology for 
our customers at all levels of competitive 
motorsport. We look forward to continuing 
our efforts through the season ahead and 
to sharing in the further successes  of our 
customers.”

High Performance Vehicles & Motorsport

Ricardo named motorsport ‘Business of the Year’

Passenger Car

Road train approaching 

The SARTRE project (Safe Road Trains for the 
Environment) has successfully completed the 
first test demonstrations of a multiple vehicle 
platoon, comprising a lead truck followed by 
three cars driven entirely autonomously at 
speeds of up to 90 km/h – with no more than a 
six metre gap between vehicles. 

The project, which will conclude in late 
2012, is being led by Ricardo together with 
its European partners Idiada and Robotiker-
Tecnalia of Spain, Institut für Kraftfahrwesen 
Aachen (IKA) of Germany, and SP Technical 
Research Institute, Volvo Car Corporation 
and Volvo Technology of Sweden. Crucially, 
it is the only project of its kind to focus on 
the development of technology that can be 
implemented on conventional highways in 
which platooned traffic operates in a mixed 
environment with other road users.

The key advantage of a road train of 
autonomously driven vehicles is that the car 
driver has spare time available to do other 
things. The concept also offers the prospect of 
safer transport as the vehicle platoon is led by 
a professional driver, and inter-vehicle reaction 
response times are much quicker than would be 
the case in conventional traffic. Environmental 
impact is also reduced since the cars follow 
close behind each other and benefit from the 
lower air drag, with energy savings of up to 20 
percent predicted. Road space utilization is also 
improved. 

Stakeholder dialogue
Recognizing that the challenge of implementing 
road train technology on Europe’s highways 
is not solely a technological issue, SARTRE 
also includes a major study to identify what 

infrastructure changes will be needed for vehicle 
platooning to become a reality. A number of 
stakeholder discussions are in progress, and the 
participants in the first such event have included 
technical experts, politicians, legislators and 
traffic safety researchers. The scope of the 
dialogue took in a number of non-technical 
challenges such as legal regulations, product 
liability and driver acceptance of automated 
vehicles. 

Key future requirements already identified 
are the need to agree a common terminology for 
platooning – such as criteria for defining when 
a vehicle becomes fully, as opposed to partially 
or even highly automated – and the need to 
address multiple and varied national regulatory 
laws or to harmonize regulatory law.

“The successful completion of the first 
multiple vehicle tests of the SARTRE system 
is a significant achievement,” said the 
project’s director, Tom Robinson of Ricardo 
UK. “This has allowed us to demonstrate the 
operation of SARTRE road train technology 
to key industry experts and to capture their 
responses, all of which were very encouraging. 
The demonstration system provides us with a 
solid foundation for further consideration of the 
challenges of bringing road trains to reality.” 
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For more information about our current 
seminar programme or to discuss individual 
company-speci� c training requirement, please 
contact: seminarinfo@ricardo.com

Advanced technology seminars, 
workshops and training courses
Ricardo is recognised worldwide as a leading 
authority in the development of the latest 
power systems for automotive and clean energy 
applications. 

While best known for our engineering and consulting 
programmes, an increasingly popular service is 
our regular series of seminars and training courses 
through which aspects of the company’s knowledge 
and expertise can be shared with customers.  These 
events are typically hosted at Ricardo Technical 
Centres and are led by some of our most experienced 
engineers and research scientists.  

We constantly strive to develop new seminars and 
courses re� ecting the very latest thinking and most 
topical areas of power systems technology and 
product development.  We also strictly limit delegate 
numbers in order to create an environment conducive 
to discussion of aspects of particular interest to 
participants. Modestly priced, our Ricardo seminars 
and courses provide exceptional value for money but 
are consequently in high demand. 

Our current programme of seminars is listed to the 
right.  Most of these will be hosted at the Shoreham 
Technical Centre, further presentations may also be 
made at other Ricardo facilities or at customer sites 
subject to demand.

Automotive Transmissions Fundamentals
25-26 April 2012
A two-day seminar covering the fundamentals of 
automotive transmission technology. The seminar 
will cover the main types of automotive transmission 
and is aimed at engineers who wish to gain a 
broad understanding of transmission technology, 
applications and future trends.

Internal Combustion Engine Fundamentals
16-17 May 2012
Two one-day seminars covering the fundamentals 
of gasoline and diesel engine combustion and 
technology. The seminars are aimed at engineers and 
scientists who wish to gain a broad based knowledge 
of engine technology, and who wish to broaden their 
understanding of engine combustion, emissions and 
related issues.

Introduction to Hybrid Vehicles and Batteries
6-7 June 2012
A two-day seminar discussing recent developments 
in battery technology for hybrids, plug-ins and 
electric vehicles. Covers the latest in electric motive 
technology and an overview of recent trends and 
advances in battery pack technology, the key enabler 
of the electri� cation of the vehicle network. 
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Seminar programme:
“An excellent 
discussion 
and course, 
great � exibility 
and time for 
discussion.” 



www.ricardo.com/HES
Delivering Value Through Innovation & Technology

FOR WORLD 
CLASS PRODUCTS 
CHOOSE A 
WORLD CLASS 
DEVELOPMENT 
PARTNER
With a Global capability in advanced propulsion systems 
and enabling technologies, trust Ricardo to make your 
hybrid and electric vehicle programmes a reality


