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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, profi les and interviews with top 
business leaders, as well as in-depth features on 
programmes – both from within Ricardo and other 
leading companies. 

Client confi dentiality 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 
certifi ed as being in compliance 
with the environmental and 
social standards of the Forest 
Stewardship Council ®.
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INDUSTRY NEWS

Passenger Cars

Lightweight architecture underpins new Jaguars
The Jaguar C-X17 concept (left) does 
more than just signal the UK premium 
car maker’s intent to contest the sports 
crossover market: it also previews 
the company’s innovative lightweight 
architecture designed for high volume 
production. Dubbed iQAl, the aluminium-
intensive structure is claimed to off er 
exceptional versatility and design freedom 
and will underpin future models ranging 
from 100 g/km CO2 to 300 km/h top speed. 
Start of production, in the shape of a 
compact premium car, is in 2015.

The latest in technology, innovation and sustainability across world industries

While Nissan CEO Carlos Ghosn 
surprised the industry with his 
promise to launch an automated 
driving car by 2020, many 
developments presented at this 
September’s Frankfurt auto show 
do give credence to his prediction.

French supplier Valeo is already 
demonstrating a valet park 
assistant, which allows the vehicle 
to fi nd its own space in a public car 
park and return autonomously to 
the owner when summoned; Volvo 
is working along similar lines and will 
also have a camera-based system 
(see page 6) able to identify the 
edge of the road to enable auto 
steering. 

Under its Intelligent 
Drive banner Mercedes 
has developed a suite of 
technologies to help allow 
the driver to relinquish direct 
control of the vehicle. To prove the 
eff ectiveness of the technologies 
an only slightly modifi ed S-Class 
completed the 100 km route 

between Mannheim and Pforzheim 
on country and urban roads entirely 
autonomously, negotiating traffi  c 
jams, roundabouts, parked cars and 
other obstacles without incident.

A parallel trend is enhanced 
connectivity between the car and its 
surroundings, either with all-
round sensors or through mobile 
data networks. Continental 
announced a co-operation with 
IBM to this eff ect, while Bosch 
experts say that fully automated 
driving can only be enabled when 
at least 50 percent of all vehicles 
participate in real-time data sharing. 

Passenger Cars

Automated driving 
comes closer

Lightweight architecture underpins new Jaguars
The Jaguar C-X17 concept 
more than just signal the UK premium 
car maker’s intent to contest the sports 
crossover market: it also previews 
the company’s innovative lightweight 
architecture designed for high volume 
production. Dubbed iQAl, the aluminium-
intensive structure is claimed to off er 
exceptional versatility and design freedom 
and will underpin future models ranging 
from 100 g/km CO
Start of production, in the shape of a 
compact premium car, is in 2015.
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Highlighting the latest thinking in automotive 
engineering and technology worldwide 

NEWS IN BRIEF

In a rare display of international accord, 
the auto industry appears to be uniting 
around a standard of 48 volts for 
supplementary electrical systems 
handling mild to medium hybrid power 
and energy regeneration. 

Continental, for example, already has 
orders and has earmarked a 2016 start 
of production date for its 48v Eco Drive 
system, billed as a lower cost alternative 
to full high-voltage hybrid drive and 
capable of cutting fuel consumption by 
13 percent. Bosch’s equivalent boost 
recuperation system (BRS) claims CO2 
reductions of up to 15 percent, and both 

suppliers say that additional power and 
weight savings will be possible by running 
high-current ancillaries such as the 
starter, HVAC compressor, seat heaters 
and electric superchargers on the higher 
voltage network.

By 2025 one in three vehicles will 
include a 48v network, estimates 
Continental, while Bosch CEO Volkmar 
Denner forecasts that almost every 
vehicle in Europe will be electrifi ed by 
that date.

Interest is growing in fl oating off shore 
wind turbine platforms that can be 
towed into deeper waters where wind 
speeds are higher and more predictable. 

Europe already has 5 GW of installed 
off shore wind capacity, representing 
90 percent of the global total. Now, 

the European FLOATGEN project is 
investigating generating potential 
beyond the 20 m depth and 20 km shore 
distance that has characterised wind 
farms to date. 

Under FLOATGEN, parallel 
programmes will see the testing of 
two multi-MW systems in southern 
European sea conditions, while in 
Scotland a new round of licences 
will encourage the development of 
innovative off shore structures.

The Fraunhofer Institute estimates 
that turbines fl oating in up to 700 m of 
water and 200 km off  shore have up to 
2.5 times the generation potential of 
conventional off shore wind farms. It 
is also hoped that the ability to tow the 
rig back into port for repairs may help 
reduce overall costs. 

Passenger Cars

48-volt 
consensus 
emerges

Clean Energy

Floating turbines promise 
higher returns

EU study explores cutting aircraft noise
With European air traffi  c expected to grow by 50 percent 
by 2030 to over 40,000 fl ights a day, aircraft noise is a 
problem set to aff ect ever more people. Under the EU’s 
Clean Sky programme aero engineers are exploring not 
just engine noise but also novel wing fl aps, without gaps, 
that help reduce turbulence and thus noise during the 
landing phase. 

FH is voted Truck of the Year
With compelling innovations such as independent front 
suspension, precise steering and an automatic gearshift 
that anticipates road conditions ahead and saves up to 
5 percent in fuel costs, Volvo’s new FH series has been 
voted International Truck of the Year by a panel of leading 
commercial vehicle journalists. 

Renault takes pole position on CO2

A fresh palette of newly engineered models, including 
fi ve nameplates returning less than 100 g/km of CO2, has 
helped propel Renault to the head of the European CO2 
performance league. Its corporate average CO2 emissions 
of 115.9 g/km is a drop of almost 10 g over the brand’s 
2012 fi gure.

Tyres tread more quietly 
Continental has developed a tyre that is claimed to reduce 
car cabin noise levels by up to 9 dB – equivalent to a near 
halving of the perceived volume. The ContiSilent is similar 
to a standard tyre but incorporates a coating bonded to the 
inside of the tread area; this foam layer serves to dampen 
the sound waves arising from the tyre’s rolling motion.

Consumers ignore eco labels 
Only one in three new car buyers takes any notice of the 
eco label attached to vehicles in the showroom, according 
to a survey in Germany. German registration statistics 
show that some 38 percent of all vehicles sold in 2012 fell 
into effi  ciency categories A+, A and B. Current Eco labels do 
not give absolute emissions values but instead compare 
models within the same market sector.

Americans opt for four
Four-cylinder engines are increasingly the majority choice 
for vehicle buyers in the United States, accounting for 
almost 56 percent of registrations in the fi rst half of this 
year. In 2008 the fi gure was 42 percent; over the same 
period, sales of vehicles with six cylinders have fallen by 8 
percent and those with large V8s by 5 percent. 

Spark of genius
Advanced ceramic insulator materials have enabled 
Federal Mogul to raise the voltage in its latest SureFire 
Plus spark plugs to over 42 kV, allowing the engine to run 
on a leaner mixture and enabling better performance and 
economy. At the same time the plugs can be made more 
compact, with diameters of 12 or 10 mm available.

suppliers say that additional power and 

Rail

Battery train on test
UK Network Rail is investigating battery-powered trains to run on parts of the 
network that are not yet electrifi ed. The project will use a Bombardier class 
379 to determine the levels of power and energy storage needed, and also to 
trial two types of battery chemistry – lithium (iron magnesium) phosphate, 
and hot sodium nickel salt.

If successful, the trains would provide the comfort and environmental benefi ts 
of electrifi cation without the need for a costly power transmission infrastructure.
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Volvo raises the 
safety game

Passenger Cars

Among the safety technologies due to be pioneered on the new-
generation Volvo XC90 in 2014 are pedestrian, animal and cyclist 
detection that works in the dark, linked the auto brake function, and 
road edge and barrier detection with steer assist. Being able to monitor 
where the road ends is a world fi rst, says the company, allowing the 
steering to automatically keep the car on the road even where there are 
no side markings.

Also due to be featured on the new model is adaptive 
cruise control linked to the steer assist function, 
automatically following the vehicle ahead and 
staying in lane. The new XC90 will also be off ered 
with autonomous parking, allowing the driver 
to leave the vehicle at the entrance to the car 
park and instruct it to fi nd a space by itself, 
interacting with pedestrians and vehicles on 
the way.

Motorsport

Nissan Le Mans 
e-racer targets Drayson 
electric record
Nissan is exploring powertrain options for the ambitious electric 
race car it plans to fi eld in the 2014 Le Mans 24 Hours endurance 
race. Initial running will be in pure electric form but, says global 
motorsport director Darren Cox, the recent 329 km/h world electric 
land speed record set by Lord Drayson has given the team “a new 
benchmark to aim for”. 

“While we’re aiming to reach 300 km/h under electric power at 
Le Mans,” adds director of motorsport innovation, Ben Bowlby, “the 
Nissan ZEOD RC certainly has the capability to go faster than that in 
land speed record confi guration.” 

Passenger Cars

Electrification 
grips auto 
industry
The launching of volume-production pure 
electric versions of Volkswagen’s Golf and Up 
at the Frankfurt auto show is being seen as 
a sign that the electric car has now come of 
age, despite the doubts expressed relatively 
recently by German industry leaders.

The e-Golf’s launch coincides with the arrival 
of BMW’s ambitious composite-construction electric i3 
hatchback and hybrid i8 supercar; Daimler, too, presented an 
all-electric version of its B-Class hatchback as well as a plug-
in hybrid derivative of its luxury S-Class, capable of 69 g/km 
CO2 emissions and 3.0 lit/100 km fuel consumption.

Other luxury and high-performance manufacturers are 
rushing to launch hybrid and plug-in hybrid versions of their 
larger vehicles, aiming at both North American customers 

and at a lower CO2 footprint in Europe. Among the new hybrid 
launches were the Range Rover and Porsche Panamera, while 
Volvo promised that its forthcoming XC90 replacement would 
off er hybrid power too. 

Setting its sights on global leadership in electric as well as 
conventional vehicles by 2018, Volkswagen will have a total 
of 14 electric and hybrid models by next year, said CEO Martin 
Winterkorn.

Among the safety technologies due to be pioneered on the new-
generation Volvo XC90 in 2014 are pedestrian, animal and cyclist 
detection that works in the dark, linked the auto brake function, and 
road edge and barrier detection with steer assist. Being able to monitor 
where the road ends is a world fi rst, says the company, allowing the 
steering to automatically keep the car on the road even where there are 

Also due to be featured on the new model is adaptive 
cruise control linked to the steer assist function, 
automatically following the vehicle ahead and 
staying in lane. The new XC90 will also be off ered 
with autonomous parking, allowing the driver 
to leave the vehicle at the entrance to the car 

interacting with pedestrians and vehicles on 
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VIEWPOINT

If you wanted to come up with a way 
to undermine a burgeoning industry, 
you couldn’t do much better than 
the term “fracking”. In the voice of 
a mining engineer, it can sound as if 
the shale gas industry is intent on 
riding roughshod over community 
worries and concerns. Meanwhile, on 
protestors’ placards, a well-placed 
“frack” lends itself to sound-bites 
and images on TV bulletins and 
newspapers worldwide.

In the UK, for instance, the British 
Geological Society recently published 
an evaluation of shale gas resources in 
the north of England, which indicates 
that there may be about 23 – 65 trillion 
m3 of gas in place, although much 
less than this would be economically 
recoverable. For context, annual 
consumption in the UK is about 0.09 
trillion m3. It’s a lot of gas.

The process is formally known as 
“hydraulic fracturing” – and uses 
high-pressure water mixed with 
sand and chemical additives to break 
open shale rock formations and 
release natural gas. Ricardo-AEA’s 
work for the European Commission 
and UK Environment Agency has 
highlighted that it is a diffi  cult 
process to operate, posing risks to 
the environment which need to be 
managed and regulated. The yield 
from a shale gas well is typically an 
order of magnitude less than that 
from a conventional gas well. And in 
contrast to many parts of the world, 
people in the UK are not used to 
onshore gas wells. 

But in the UK we do know how to 
manage the environmental risks of 
industrial processes in our crowded 
island. We’ve been doing it for years 
– indeed, the UK’s Industrial Pollution 
Control system was the model for the 
European system of environmental 
permitting. All nations looking to 
develop shale gas resources can learn 
from North American experience, 
including the mistakes which have 
led to allegations of water pollution 
and the patchwork development of 
many small individual wellpads over 
undeveloped land. In common with 
other parts of the world where shale 

gas is present, we in the UK will need to 
develop our own expertise to deal with 
the new technical challenges posed 
by the country’s reserves, which are 
much deeper and much thicker than 
those which have been successfully 
developed in the US.

Shale gas is however a fossil fuel, 
which brings implications for meeting 
global greenhouse gas obligations. 
Ricardo-AEA’s analysis for the 
European Commission shows that 
the carbon footprint of electricity 
produced from shale gas is likely to be 
slightly higher than conventional gas, 
but substantially lower than using coal. 
From this point of view, shale gas is 
not a game changer, but a new issue 
requiring careful management. The 
economics of extracting shale gas 
safely in crowded countries mean that 
the supply of shale gas is likely to evolve 
slowly and not at signifi cantly cheaper 
cost than existing resources. We don’t 
expect another “dash for gas.”

The UK is one of many economies 
which import the majority of their 
natural gas, which has implications 
for the environmental cost and 
security of the national energy supply. 
We seem happy enough to let other 
nations accept the environmental 
risks of meeting their energy needs. 
But if we have the resources on our 
own doorstep, shouldn’t we, and other 
nations with such reserves, accept 
that we need to manage these risks – 
the “slings and arrows of outrageous 
fortune” – ourselves? I would like to 
see less argument about “fracking” 
and more focus on the development 
of policies which enable us to take 
responsibility for meeting our energy 
needs safely and responsibly.

To frack, or not to frack: 
that is the question
Mark Broomfi eld – specialist consultant, Ricardo-AEA

Passenger Cars

1-stroke rotary claims 
to be game changer

Developed in the UK and soon to begin trials, the Libralato 
rotary engine runs on gasoline but claims diesel-like effi  ciency 
and a 50 percent mass reduction. Initial applications could be 
for PHEV range extender motors, says the company. Honda, 
meanwhile, has announced a new generation of lightweight 160 
and 200cc general duty four-stroke engines, destined to take a 
major share of the 9.7 million sales in emerging markets.

We seem happy 
enough to let other 
nations accept the 
environmental risks 
of meeting their 
energy needs. 

Commercial Vehicles

Korea tests mobile 
recharging for buses

The Korean city of Gumi is playing host to an experimental 
electric bus service using wireless charging from cables buried 
beneath the road, enabling the buses to keep their relatively 
small batteries topped up without the need to stop or return to 
the depot.

Developed by the Dongwon Corp, the OLEV technology 
provides a shaped 20 KHz magnetic fi eld which is triggered 
as the bus approaches, switching off  afterwards so as to 
minimize stray radiation. With an air gap of 17 cm between the 
vehicle and the road surface, energy transmission effi  ciency is 
claimed to be 85 percent, and just 5 to 10 percent of the route 
distance requires embedded cables.

Bombardier is currently trialling a system in Germany which 
carries out fast recharges while the vehicle is stationary at 
each bus stop.
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How important will high-speed rail be in the strategic 
transport networks of the future? Do you see high-speed rail 
taking business from air or creating its own market?
We think that the opportunities for high-speed rail remain 
promising. Due to the four global megatrends  – urbanization, 
demographic change, climate change and globalization – the 
demand for intercity traffi  c by rail will increase steadily. High-
speed rail also benefi ts from increasing energy costs and 
environmental awareness, because rail is considered as being 
environmentally friendly.

For distances of up to 800 kilometres, a high-speed train 
can beat the plane hands down – as everyday experience 
shows. For example, the Spanish railroad’s new high-speed 
line between Madrid and Barcelona, where our Velaro high-
speed train is employed, quadrupled its market share within 
one year, forcing airlines to make substantial cutbacks 
in fl ights on the same route. This situation is the same in 
Germany, where about 40,000 people commute daily between 
Cologne and Frankfurt by train. With a travel time of less than 
90 minutes, this is the best way to make the trip. Connecting 
city centres in less than three hours by train is even faster 
than with a plane and fl ying is much more expensive. Moreover, 
it would take around 250 fl ights to carry 40,000 passengers 
over that distance.

What is the outlook for rail freight?
Using high-speed rail to carry freight is not a new idea and will 
also remain sustainable for the future. It makes sense using 
existing high-speed networks for rail cargo. Especially over 
distances of between 300 and 800 kilometres, rail freight 
is a good alternative to transport on the road or by plane. In 
France, for example, the TGV Poste is used on the existing 
high-speed rail network to carry freight. 

High-speed rail cargo is a possible alternative to certain night 
fl ights by cargo-only aircraft. Cargo distribution services from 
the major airport hubs to regional hubs will benefi t particularly 
strongly from the energy effi  ciency and the lower noise level 
of special cargo high-speed trains. As this distribution service 
has to be handled mostly overnight, the restrictions in night 
operations at many airports ceases to be a problem. 

In terms of potential savings of CO2, is high-speed rail more 
important than regional and local light passenger rail systems?

Railway traffi  c in general is energy-effi  cient and saves carbon 
dioxide – not only high-speed rail but also regional and local 
passenger light rail systems, especially in comparison to 
individual traffi  c by car or short-distance fl ights. The value of 
rail systems is the interaction between long distance relations, 
regional commuter services and urban mass transit systems. 
To give you a specifi c example: the Siemens Velaro only 
consumes 0.33 gasoline-equivalent litres per passenger per 
100 kilometres.

Where in the world do you see the next major 
expansion of high-speed rail?
The SCI Verkehr studies show that the worldwide market for 
the procurement of high-speed trains will grow further in the 
future. The main growth in the last few years has been due 
to purchases from China. The Chinese Ministry of Railways 
and CRC/ TRC, respectively, for example, ordered high-speed 
trains and components from Siemens. China today is and 
will remain the main driver for growth in the coming years. 
Additional growth will come from Turkey, where we recently 
signed a contract for the delivery of seven Velaro trains. And 
RZD in Russia, of course, has eight of our Velaro trains already 
running very successfully for some years, and has ordered 
another eight. But regions which currently do not represent 
important markets for the high-speed segment, like South 
East Asia, North America and Eastern Europe, will gain in 
importance in the future, as well. A large part of the market will 
also continue to be dominated by Western Europe and Japan.

What are the main barriers to high-speed rail in 
North America?
Private transport traditionally has a strong market position 
in North America. For longer distances, air travel is currently 
the fi rst choice in North America. Today, there are some 
reasons that make the competitive position against motorised 
private transport and air transport diffi  cult: sometimes 
very long journey distances, partly low population density, 
big investments in private transport and air traffi  c, and 
comparatively low petroleum taxes that lead to low fuel prices.

Nevertheless, North America is a country with a long 
railway tradition, but mainly in the freight sector, as today the 
major part of the railway network is owned by private freight 
companies. The Federal Railroad Administration in the USA is 

INTERVIEW

On track for efficient travel
High-speed rail is shaping up as a serious player in regional and even 
international transport. Tony Lewin tracks down Dr Jürgen Wilder, 
CEO of High Speed and Commuter Rail Systems at Siemens AG, to 
ask about CO2, freight and expansion into North America
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thinking about high-speed standards that strongly lean on the 
“International Union of Railways”’ standards. More recently, the 
USA has begun to consider infrastructure measures as its public 
duty. In earlier times the US did not support larger high-speed 
networks because of the substantial pre-investment required.

What are the advantages and drawbacks of dedicated high-
speed routes in terms of safety, cost, emissions?
Dedicated high-speed routes, for example, certainly do 
have some advantages: I may mention increased journey 
speed, reliable on-time service, or signifi cantly lower carbon 
emissions due to constant speed (an automatic train service 
makes signifi cant carbon savings possible). But the main 
drawback is that a dedicated route usually is not used as much 
as mixed ones and therefore the operational costs in relation 
to the use are comparatively high. In some regions, however, 
this drawback is changing as some destinations in China are 
designed for minimum headways of less than 5 minutes.  

Are there potential CO2 savings in the power transmission 
and control systems?
Today the effi  ciency of electrical components in high-speed 
trains is already very high and therefore carbon emissions are 
already on a low level. Additional savings could be generated 
by further improved driver assistance systems. Experiments 
demonstrate that savings of 10-15 percent could be realized. 

Can rail networks be confi gured to run largely off  
renewable energy and/or participate in load balancing 
for the electricity grid?
One of the greatest advantages of rail transport is the fact 
that e-mobility has been implemented for more than 100 
years. This off ers the possibility of integrating all kinds of 
renewable energies into the transport business. Special smart 
grid technologies even provide a fully renewable, energy-based 
railway service. In California, for example, Siemens showed 
the possibilities for a “zero emission” train for the planned 
high-speed line between San Francisco and Los Angeles. 
The electrical power for high-speed trains generated by 
regenerative energy could provide a zero emission solution.

The rail industry strives for reduced cost, emissions 
and journey times, whilst maintaining safety. What do 
you see as the top three technical advances necessary to 
signifi cantly progress these?

Here, I can defi nitely list aerodynamics and lightweight 
construction, while bearing in mind current crash 
requirements. The consequences could be less energy 
consumption and lower emissions (not only carbon, but also 
noise). Then, the enhancement of safety and availability 
as well as the reduction of lifecycle costs is of utmost 
importance. To achieve this, innovative and customer-
specifi c service concepts are needed. Over the last few years, 
we’ve established many new off erings to reduce reactive 
maintenance to a minimum and enhancing the predictive 
maintenance approach to a maximum – all this enables us to 
generate very high levels of availability.

What will be the most important single technical 
advance in rail in the next 20 years?
Today, high-speed trains are already at a very high standard 
with the latest technologies. It is therefore essential to 
continuously improve and further develop the existing 
systems. Let me cite some developments rail transportation 
has undergone already. I would like to mention here: low 
specifi c consumption, little land utilization per transport 
volume, a high “passengers per hour per direction” factor, 
a high travel speed and, last but not least, near-zero local 
emissions. In the end, there will be an evolution in many fi elds, 
as mentioned above, but no revolution.  

Dr Jürgen Wilder 

2013 CEO of high-speed and commuter rail unit Siemens AG
2011 Head of strategy at Infrastructure and Cities unit
2011 Corporate Strategies, Senior Vice President, Head of Corporate  
 Strategy Development
2007 Siemens Mobility, Sacramento, CA, Vice President, General  
 Manager Rolling Stock
2004 Siemens Transportation Systems, Inc., Sacramento, CA,  
 Business Excellence
2000 Siemens Management Consulting, Munich, Consultant,  
 New York City, Senior Consultant

“Railway traffi  c in general is energy-
effi  cient and saves carbon dioxide – not 
only high-speed rail but also regional and 
local passenger light rail systems”

Electric rail travel is already very energy 
effi  cient, with today’s high-speed
trains allowing energy 
recovery 
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Seizing the moment is crucial 
to the successful running of a 
dynamic business. For a luxury car 
manufacturer like Jaguar, the ability to 
tap into a niche market with a carefully 
targeted derivative can sometimes 
be crucial, especially if that niche is a 
large one. But doing so often demands 
action at relatively short notice, and in 

the automotive business that requires 
not just fi nancial resources but skilled 
engineering expertise too. 

Following the success of its 2010 
model year portfolio of products, which 
included impressive new diesel and 
gasoline engines, Jaguar found itself 
coming out of the recession at some 
speed. “Since then the business has 

continued to expand and my team has 
doubled in size over the last three to 
four years,” said Jaguar Land Rover 
chassis director David Waide. Jaguar’s 
response to its renewed success has 
been to put more content into its cycle 
plan. One of the markets it had been 
keen to tackle for some time was the 
so-called North American snowbelt 

Snowbelt
For Jaguar, competing across the broad swathe of ‘Snowbelt’ States in North 
America meant equipping its XJ and XF luxury sedans with four-wheel drive. 
Time was short, so Ricardo was summoned to help. Jesse Crosse reports

PASSENGER CARS

Conquering the 
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– those States which endure heavy 
snowfall during long winters each year. 

Because of the unrelentingly grim 
conditions, around 70 percent of sales 
in the Snowbelt are for four-wheel 
drive cars, something Jaguar did not 
have in its line-up and which clearly 
meant missing out on signifi cant 
sales. So the engineering teams began 
to look at the feasibility of equipping 
derivatives of the left-hand drive 
Jaguar XJ and Jaguar XF rear-wheel 
drive sedans with four-wheel drive. 
The change would be applied only to 

models equipped with the new 3.0 V6 
supercharged gasoline engine, which 
had only just been introduced for the 
2013 model year.

Advanced packaging 
studies
This was no mean undertaking; no 
allowance had been made in the 
original architecture for a four-wheel 
drive transmission, but Ricardo 
supported advanced packaging work 
at Jaguar, produced positive results 
and the project was approved. The big 

problem would be fi nding suffi  cient 
engineering resource since Jaguar 
Land Rover is on a signifi cant growth 
curve and despite a huge expansion 
in the size of its engineering team, 
the company is still operating at full 
stretch. “It’s always more challenging 
doing two cars at the same time,” 
explains Waide, “although in this case 
suspension and powertrain similarities 
meant it was more like tackling one and 
a half cars.”

This was early in 2010 and the 
pressure was on because it was 

SnowbeltConquering the 
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crucial not to miss any more winter 
sales than absolutely necessary. The 
search for a suitable supplier began, 
explains Waide: “We looked at our own 
capacity and recruited heavily, but 
struggled to fi nd enough engineers 
with the right skills. So we reviewed 
outsource partners and went through 
assessments with them to gauge 
technical capability, our confi dence in 
their delivery, their cost eff ectiveness 
and especially looking at expertise in 
the areas we knew we would need their 
engineering capability. Ricardo was the 
successful contender.”

Ricardo was already working on 
another programme for Jaguar 
involving the same cars, that of 
adding the 2.0 GTDi four-cylinder 
engine to the existing range (see RQ 
Q1 2013). The ability to draw upon its 
own global resources in order to fulfi l 
the new projects was a huge bonus 
and expertise was called upon from 
its engineering centres in Michigan 
and Prague. The team was centred at 
Ricardo’s Midlands Technical Centre 
at Leamington Spa, not far from the 
Jaguar Land Rover Engineering Centres 
at Gaydon and Whitley, near Coventry.

“We decided at the beginning to 
treat Ricardo as part of our own 
team, so instead of creating a fi rewall 
between us, we put in place normal 
management reporting structures for 
senior management responsibility, with 
Ricardo feeding in to it,” remembers 
Waide. “The Jaguar team knew they 
were free to share all information and 
that a confi dentiality agreement was 
in place. The principal objective was 
to create a relationship that was as 
open as possible on the basis that the 
easier things are, the more successful 

the end result will be. We asked that 
a management structure was put in 
place by Ricardo, with team leaders 
and appropriate communication 
channels just like any other programme 
handled internally.”

Challenging project
The challenging project got off  to a 
strong start and Ricardo’s skills were 
immediately tested in mastering the 
Jaguar Land Rover Product Creation 
System with its strict failure mode 
avoidance procedures. “Ricardo 
responded well, kept listening and 
working with us, reacting to any 
concerns and then addressing them. 
After that things ran very smoothly 
because of the focus early on, and 

the launch to market was smooth and 
robust,” said Waide.

The ability to integrate with business 
processes would quickly prove to be 
essential as time was short. “Formal, 
deliverables-based support for the XJ 
began in July 2010 within a week or 
two of the separate GTDI project, with 
the XF kicking off  in October 2010” 
said Ricardo product group director, 
Graeme Stewart. Job One would be in 
November 2012. 

The project would involve a 
substantial redesign of the front 
chassis and suspension components 
to incorporate a front diff erential 
sitting beneath the engine; the 
driveshafts would need to pass 
through the suspension knuckles 
where no drive path existed before. 
The task would involve the installation 
of a four-wheel drive version of the ZF 
eight-speed automatic transmission 
with integral transfer case, the 
routing of the propshaft to the front 
diff erential, and there would have to be 
changes to the exhaust system. The 
steering rack would also be aff ected, 
and so would the front chassis 
geometry and the electrical wiring 
harness.

“It was quite a challenge,” said 
Ricardo chief engineer on the project, 
John French. “Going from four-wheel 
drive to two-wheel drive is relatively 
easy as you’re taking components away. 
In this case we had to integrate relatively 
large chunks of hardware into a package 
that hadn’t originally been created for 
that purpose, while maintaining Jaguar’s 
crucial driving attributes.”

Four-wheel drive 
editions of the 
XJ and XF use a 
transfer-case version 
of the ZF eight-
speed automatic 
transmission 
plus a propshaft, 
diff erential and 
driveshafts taking 
torque to the front 
wheels. Changes were 
needed to the exhaust 
and steering systems 
as well as the wiring 
harness
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Delivering Jaguar dynamics
Driving attributes are critical to ‘Jaguar 
DNA’ and it is widely acknowledged 
that Jaguar’s Vehicle Engineering 
Team is one the best in the business 
when it comes to agile cars with 
sharp and distinctive steering and 
handling. “There’s an enormous 
focus on vehicle attributes in what 
we do,” explains Waide. “We identify 
the diff erent behaviours of the car – 
occupant packaging, driving feel, fuel 
consumption and so on. Then we set 
targets for them all and break them 
down into fi ve levels of granularity. 
Understanding our customers, 
knowing what they’re looking for and 
then delivering those attributes lies at 
the heart of our success.”

Jaguar engineers use a subjective 
scale for vehicle dynamics, and it is 
that set of attributes established 
for the rear wheel drive cars that the 
Ricardo team would need to protect. 
In revising the entire front suspension 
system, no more than half a point drift 
in performance would be allowed in 
the attribute targets. In this respect, 
the changes were daunting. A front 
diff erential could be installed with 
comparative ease if the engine was 
raised high enough, but clearly any such 
change would have to be minimised to 
avoid raising the centre of gravity too 
high, or bringing engine hard points 
in too close a proximity to the engine 
hood, aff ecting pedestrian safety. 

Ricardo designed an all-new front 
sub-frame to accommodate the 
diff erential and driveshafts. The new 
sub-frame and steering gear was 

lowered, allowing the engine to be 
raised by only 5mm and moved forward 
by 12mm whilst maintaining the ride 
height of the XJ rear-wheel drive. Even 
the tighter package of the XF only 
required a 10 mm higher ride height 
than that of the standard vehicle. The 
upper and lower suspension arms, 
knuckles, anti-roll bar and associated 
drop-links also had to be redesigned for 
four-wheel drive. The XJ work started 
before the XF work but, as French said, 
“because we had the two teams in the 
same offi  ce, the learning we got from 
the XJ proved extremely useful.”

Cost focused design
The transfer case (which splits the 
drive between front and rear axles) is 
located in the transmission to the rear 
of the engine, with a propshaft coming 
forward to the new diff erential. This 
required new transmission mountings 
and modifi cations to the body at the 
attachment point. New struts were 
also needed to allow the propshafts 
to pass through, and the knuckles had 
to be equipped with a diff erent type of 
wheel bearing to also accommodate 
the driveshaft.

“Ricardo also conducted a study 
into manufacturing processes looking 
at alternative design methodologies 
for the front yokes. This resulted in 
a more cost eff ective approach and 
lifetime cost savings for our customer,” 
explained Stewart. The large cast yoke 
bolted on in four places and provided 
an opportunity for the cost reduction. 
The Ricardo team identifi ed that a 
two-piece bolt-on damper could be 
produced in one piece. At the same 
time it was possible to eliminate 
a structural undertray, giving a 
signifi cant cost reduction.

The front suspension geometry, 
so crucial to achieving the Jaguar 
dynamic attributes, involved a lot of 
CAE work by Ricardo’s chassis team 
to arrive at satisfactory values for the 
camber and caster angles as well as 
the all-important roll-centres, those 
virtual points defi ned by the suspension 
geometry which so dramatically 
aff ect the body control of a vehicle 
when changed. The CAE work also 
encompassed overall weight distribution, 
though the introduction of the new V6, 
downsized from a V8 in some markets, 
helped with that process.

“It’s always more challenging doing two cars at the same 
time, although in this case suspension and powertrain 
similarities meant it was more like tackling one and a half 
cars.” David Waide, Jaguar Land Rover Chassis Director 

To preserve the 
excellent dynamics 
of the original car, 
Ricardo designed 
a special front 
subframe to 
accommodate the 
diff erential and 
driveshafts with only 
a minimal increase in 
engine height 
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changed to a perimeter frame with more 
fi xing points to maintain the NVH targets.

As is typical of such modifi cations, 
changes can have a knock-on eff ect, 
and despite the initial focus being on 
key components it soon became clear 
that many associated components 
would be aff ected. The cooling system, 
for example, required modifi cation as 
did various components of the intake 
system; yet, in doing so, maximum 
commonality was maintained between 
the two models. A new engine cover was 
required and a new electrical harness 
was required for the engine bay. 

The presence of the propshaft 
travelling alongside the left-hand side 
of the engine also aff ected the exhaust 
system of the V6 and it was necessary 
to make the section of the catalytic 
converter on the left hand exhaust 
oval in profi le to provide clearance. This 
required a redesign of the catalytic 
converter, explains Ricardo project 
director, Steve Wellstead. “Having 
asymmetric left and right-hand systems 
brings its own challenges for engine 
control, diagnostics and for the fuel 
system. We had to widen the fl oorpan 
tunnel in that area too, and carried out 
the initial packaging work schemes and 
surfaces which were then passed to 
Jaguar. The emphasis there was to fi nd 
space for the new hardware without 
compromising the passenger area.” 

Support through launch 
and beyond
Ricardo’s involvement extended to 
providing support for prototype builds 
and an in-plant launch team for the 
start of production, support which 
continued to 90 days after production 
started. Eff ectively, this means the 
project was handled by Ricardo from the 
start of pre-programme work, through 
development, concept, detailed design 
and validation all the way through to the 
fi rst cars rolling off  the line.

The project was a great success 
and both cars were offi  cially launched 
at the 2013 New York International 
Auto Show in April, having already been 
on sale in North America as 2013MY 
models. The benefi ts are already 
beginning to show up in Jaguar Land 
Rover’s fi gures.

The most recently published results 
for the 2012/2013 fi nancial year 
showed an increase in Jaguar retails 
sales of 22 percent compared to the 
previous year. In Q4 of the fi nancial 
year, sales increased by eight percent 
(4000 units) which has been attributed 
to the launch of the all-wheel drive 
XJ and XF, as well as the new engine 
derivatives. The results speak for 
themselves, and Jaguar’s continuing 
success is something the team 
members at Ricardo are extremely 
proud to be a part of. 

Finer points of design
Some of the fi ner points of the design 
are almost mind-bending in their 
sophistication. A lot of emphasis 
is placed on the importance of 
component stiff ness in the automotive 
fi eld generally, but it is possible to have 
too much of a good thing. “Arriving 
at the right degree of stiff ness for 
the whole front knuckle assembly 
where the driveshafts pass through 
is absolutely fundamental,” explains 
Waide. “Too stiff , and problems arise 
with steering response so camber 
and steering arm stiff ness must be 
accurately managed. We wanted to 
engineer a match for the existing rear-
wheel drive confi guration and stiff ness 
in these areas had to be correct – not 
too much and not too little. The task 
certainly wasn’t easy, as the more 
constraints you put around a piece of 
engineering the harder the problem is 
to solve.”

Ricardo was also responsible for 
managing any NVH (noise vibration and 
harshness) issues which may have arisen 
from the changes. “We were responsible 
for both the vehicle and powertrain NVH,” 
recalls French. The new front driveshafts 
provided an additional noise path which 
needed isolating, although the new 
front transfer case had little infl uence. 
The modifi cation to the bodyshell only 
had a limited eff ect as well, although 
the new transmission cross-member 
which originally had a four-bolt fi xing was 

“Arriving at the right degree of stiffness for the whole 
front knuckle assembly where the driveshafts pass 
through is absolutely fundamental” 
David Waide, Jaguar Land Rover Chassis Director 

The extensive test 
programme for the 
new models included 
climate testing and 
full responsibility for 
NVH issues arising 
from the engineering 
changes
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improving

quality
urban air

CLEAN ENERGY

Air quality in the built environment is a 
growing issue of concern to local, regional 
and national governments worldwide 
seeking to reduce the impacts of pollution 
on the health of their citizens. Anthony 
Smith speaks to the Ricardo-AEA experts 
providing much-needed help and advice
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Despite the current downturn in 
the major industrialised countries, 
economic growth remains a key 
driver of urbanization in many parts 
of the world. As demonstrated by the 
very rapid expansion of the Chinese 
economy in recent years, this can bring 
with it an increase in energy demand 
and an associated rise in pollutant 
emissions. 

Yet China is far from alone in this 
respect, and we are in eff ect becoming 
an urban world; the UN estimates that, 
by 2050, seventy percent of the world’s 
population will live in cities, bringing 
signifi cant further challenges for the 
management of air pollution and all of 
its attendant impacts on public health.

Health impacts
According to the World Health 
Organisation, 2.4 million people die each 
year from causes directly attributable 
to air pollution. In the UK it has been 
estimated that the health burden of 
particulate air pollution in 2008 was 
equivalent to up to 29,000 deaths, with 
estimated equivalent health costs of 
up to £19 billion each year. In the US, 
health studies suggest that more than 
500,000 Americans die each year from 
cardiopulmonary disease linked to 
smog. 

Ricardo-AEA’s track record in 
addressing the issue of air quality can 
be traced back to the pioneering work 
undertaken for the UK government in 
successfully tackling the sulphurous 
– and, for some, fatal – London 

smogs of the 1950s. Today, with a 
team of approximately 100 specialist 
consultants including physicists, 
chemists, environmental scientists 
and engineers, the Air & Environmental 
Quality practice provides its expertise 
on a worldwide basis, enabling cities 
of all sizes to eff ectively assess and 
manage pollutants in order to improve 
air quality for the benefi t of their 
citizens. 

“Regulation has been the driver for 
our air quality work since our earliest 
days in this business,” explains practice 
head Geoff  Dollard. “We are responsible 
for preparing and maintaining national 
pollution inventories – measuring, 
recording and reporting on emissions 
of all air pollutants – and we also have 
extensive atmospheric modelling and 
scenario testing capabilities.” 

Primary and secondary 
pollution
Dollard describes air pollution overall 
as falling into two distinct categories. 
The fi rst category includes the 
direct emissions of industry, power 
stations and transportation. These 
primary sources of atmospheric 
pollution are perhaps the more easy 
to identify and address. Secondary 
pollution, by contrast, forms as a 
result of photochemical and physical 
interactions in the atmosphere. 
Local emissions may further mix with 
pollutants emitted great distances 
away – giving rise to trans-boundary 
pollution. Policies and measures to 

reduce impacts of such pollution can be 
complicated.

“In addition to consulting support 
on air quality policy, a growing part of 
our work relates to providing public 
information on air pollution,” says 
Dollard. “Both EU and UK laws prescribe 
that the public should be informed as 
to the quality of the air we breathe. For 
example in the UK we manage a public 
information service where we forecast 
atmospheric quality 24 hours ahead.”

The ultimate driver for this service is 
health and environmental impacts, he 
adds. Pollution forecasts are of direct 
practical use to suff erers of cardio-

Monitoring air quality on the ‘Rock’
While it might at fi rst sight appear to be in a location for good air quality by 
virtue of its position on a peninsula close to the strait that bears its name at 
the mouth of the Mediterranean, Gibraltar faces some signifi cant challenges. 
One of the busiest ports in the Mediterranean, it has a population of some 
29,000 concentrated into just six square kilometres, resulting in one of 
the highest population densities in the world. In addition to this, signifi cant 
regional industrial development, including the presence of a diverse range of 
sources of pollution, results in EU air quality limit values being exceeded.

To help address this problem Ricardo-AEA is engaged by the Gibraltar 
Government in an on-going programme to help meet EU legislative limits 
for ambient air quality and to fulfi l public information obligations. This is 
being achieved through a combination of local air quality measurements, 
modelling, policy support and data dissemination. 

“Since fi rst contracting Ricardo-AEA to set up our air monitoring network 
and website, our relationship with them has developed to the point that 
we consider them invaluable,” commented Peter Soiza of the Gibraltar 
Environment Agency. “Ricardo-AEA as an organisation has always given 
us authoritative, wide-ranging advice and in-depth expertise covering 
everything from initial concept, through design, to implementation.”

16   RQ • Q3 • 2013

Air quality

RQ_03_13.indd   16 24/09/2013   14:43



pulmonary conditions; these people 
can adjust their medication or planned 
activities based on the likely conditions 
over the next day.”

Ozone episodes
Dollard outlines the typical conditions 
that can lead to a ‘smog episode’ in the 
UK: “When anti-cyclonic conditions 
prevail , there may be a net easterly 
airfl ow bringing pollutant emissions 
from the industrialized regions of 
continental Europe and mix with our 
own, local emissions. The prevailing 
clear skies and light winds promote 
photochemical activity in the 

atmosphere creating the “secondary 
pollutant” ozone. This is thus very much 
both a secondary and a transnational 
pollutant, so ozone pollution is not that 
easy to control.”

The UK is of course not alone in 
this respect; almost all industrialized 
regions of the world have similar issues 
in terms of their pollution climate. The 
Air & Environmental Quality practice 
has at its disposal a comprehensive 
array of modelling and simulation tools. 
Many have been developed in-house or 
as a result of collaborations, such as 
the SULTAN policy scenarios tool. The 
tool helps decision makers to rapidly 
develop and test high-level transport 
policies, assessing their impacts on air 
pollutants including greenhouse gas 
emissions. The practice also makes 
extensive use of some of the leading 
international tools such as the US 
Environmental Protection Agency’s 
single-atmosphere CMAQ (community 
modelling for air quality) software 
model. 

Urban canyons
While air pollution emissions are 
monitored in terms of national 

Helping the city of Riyadh maintain 
and improve air quality as it grows
The city of Riyadh is currently witnessing rapid development of its 
metropolitan area. Such growth presents major environmental 
challenges as urbanisation gives rise to increased emissions from both 
transport and industry. This can lead to a general deterioration of city 
air quality and the resultant costs in terms of health burdens on the 
population. 

ArRiyadh Development Authority recognises these challenges and has 
appointed Ricardo-AEA to provide a consolidated air quality evidence base 
to support future air quality policy within the city. The work will provide 
expert analysis and advice underpinned by measurement, inventory 
and city-scale modelling projects. To ensure that an enduring benefi t is 
provided to the city of Riyadh beyond the life of the three-year contract 
initiated in 2013, a parallel comprehensive programme of knowledge 
transfer and training will be provided by Ricardo-AEA to the Authority’s air 
quality team. 

inventories and air quality forecasting, 
the actual exposure of individual 
citizens can vary signifi cantly according 
to their location. Regulation of industrial 
and vehicle pollution is demonstrably 
delivering positive results in terms 
of the reduced national emissions 
of pollutants such as NOx and fi ne 
particles. But when street-level 
measurements in cities are taken, the 
eff ects of urban canyons and intense 
local emissions from traffi  c can lead to 
very high pollution levels and localized 
pollution ‘hot-spots’. 

Measurements by Ricardo-AEA and 
other researchers show that despite 
the improvements at national and 
regional level, these local pollution 
concentrations in air can be very high. 
“While in eff ect we are controlling the 
emissions at the factory chimney and 
vehicle exhaust, it is the concentration 
at street level that determines the 
dose for the individual citizen,” explains 
Dollard. “There has been something 
of a policy gap between national level 
pollution control and local level air 
quality.” This policy gap is now coming 
to a head with European Commission 
regulations which have set air quality 

“We are responsible for preparing and 
maintaining national pollution inventories 

– measuring, recording and reporting on 
emissions of all air pollutants – and we also 
have extensive atmospheric modelling and 
scenario testing capabilities” 
Geoff Dollard, Ricardo-AEA Practice Head
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Low Emission Zones
 in Europe
In order to address the harmful eff ects of emissions 
due to older vehicle fl eets, Low Emission Zones (LEZs) 
have been implemented by city authorities across 
Europe. Within these zones the most polluting vehicles 
are either restricted from entering, or face fi nancial 
charges for doing so. In this way, drivers and operators 
are incentivised to bring forward the replacement 
of older vehicles with more modern, less polluting 
successors conforming to the latest emissions 
regulations. 

Two of the three current LEZ schemes in the UK – in 
Oxford and the UK’s largest scheme, London – have 
benefi ted from Ricardo-AEA consultancy support to 
develop and implement targeted emissions reduction 
plans.

targets. Failure to meet these may 
result in substantial fi nancial penalties 
for the member state, so there is 
an increasing incentive to ensure 
compliance. 

“If you look at the sources of pollutant 
emissions in local, urban areas the most 
dominant are those from transport,” 
says Dollard. “So any management 
strategy for air quality at a local level 
that aims to reduce pollution must 
necessarily involve transportation. 
Looking forward ten years or so to when 
a much larger proportion of the vehicle 
fl eet is operating at Euro 6/VI levels and 
better, local pollution levels are likely 
to improve of their own accord. But air 
quality levels are mandated to improve 
by 2015, so cities cannot aff ord to wait.”

Some of the policy tools that can 
be used to improve air quality for the 
population of a city are low emission 
zones, re-routing traffi  c and vehicle 
free zones. 

Tailored policy packages
Solutions need to be tailored to the 
precise requirements of individual 
urban environments; what works 
successfully for a given town or city may 
be ineff ective for another. In European 
cities, public transport is typically an 

area of particular concern. Buses are a 
highly effi  cient means of moving people 
around cities but they can also be 
signifi cant polluters at a local level. The 
longevity of bus fl eets is also such that 
they can be made up of older vehicles 
than might be typical, for example, 
of the private car parc. In some cities 
there have been eff orts to incentivize 
and encourage the use of newer, less 
polluting vehicles on routes that pass 
through pollution hot-spots. 

How a city decides to act to improve 
its air quality is a matter for local 
democracy, as Dollard explains. “We 
capture the necessary measurements 
and do the analysis to show the extent 
of the problem, and we can advise on 
some of the policy options that might be 
considered. In addition, we can carry out 
stakeholder engagement exercises to 
help the authority assess public opinion 
as regards possible policy options. But 
the decision on which policies to follow 
and to invest in has to be one for the 
locally accountable politicians. Our role 
is just to provide the evidence base and 
the technical advice.” 

Global advice
While the driver for air quality 
improvement in Europe has been the 

regulatory framework imposed by the 
Commission, Dollard’s team is seeing 
considerable interest in this type of 
packaged service in the Middle East and 
from some of the rapidly developing 
countries of Asia. 

The typical process followed will 
be to establish the evidence base 
of local pollution through a robust 
measurement framework, identifi cation 
of emissions sources and then to 
evaluate strategic options that can be 
implemented to address pollution hot-
spots, then implement policy to address 
these and, fi nally, to conduct an on-
going evaluation of the eff ectiveness of 
the selected policy actions. 

“Regardless of the customer or 
worldwide location, the ultimate driver 
for the work of the Air & Environmental 
Quality practice is in improving the 
quality of life and health outcomes of 
citizens,” concludes Dollard. “As human 
beings, clean air is important to all of 
us: if we can improve the quality of the 
atmosphere in the urban environment, 
we all stand to benefi t.” 

“As human beings, clean air is important to all of us: 
if we can improve the quality of the atmosphere in the 
urban environment, we all stand to benefi t” 
Geoff Dollard, Ricardo-AEA Practice Head’
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Manufacturers of premium cars are 
facing a conundrum. Despite the trend 
towards downsizing, brand values 
dictate that – in some of their model 
lines at least – carmakers need to retain 
larger capacity engines to deliver the 
driving experience and comfort levels 
customers want. 

One way of combining the benefi ts 
of downsizing with the relaxed 
power delivery of a larger engine is 
cylinder deactivation, something Audi 
introduced in 2009 on its 4.0 TFSI V8 
gasoline engine in the Audi A8. The Audi 
Valvelift System (AVS) was originally 
designed to select diff erent camshaft 
profi les for diff erent operating regimes. 
Now, AVS has also become an enabler 
for Cylinder on Demand (COD) and is 
capable of selecting a zero profi le, 
closing both inlet and exhaust valves 

on four of the eight cylinders (5, 8, 3 
and 2). 

The torque available from the 
engine is dependent on crankshaft 
speed and the selected gear ratio: 
switching between eight-cylinder 
mode and four-cylinder mode takes 
place so quickly and smoothly as to be 
virtually imperceptible to the driver. 
However, though COD meets fuel 
and CO2 effi  ciency targets, it poses 
two particular challenges: NVH when 
running in four-cylinder mode and 
sound quality. 

Perhaps the more diffi  cult of the 
two to deal with is the question of 
sound. First, it is necessary to achieve a 
moderated yet still compelling exhaust 
note in V8 mode; secondly, the sound 
must be maintained at part load during 
four-cylinder driving. Few customers 

would be happy driving a luxurious 
performance V8 around town with an 
off beat four-cylinder exhaust note. At 
the same time, the Audi acoustics team 
was keen not to overstate the sound in 
V8 mode. 

The twin-turbocharged S8 engine is 
a four-valve per cylinder 4.0 litre 90° V8 
producing 520 PS and 650 Nm torque. 
So although the Audi S8 presents itself 
as a refi ned luxury car, it is crucial that 
when the driver asks for performance, 
it is delivered in conjunction with an 
appropriately engaging exhaust note 
which never becomes too raucous.

Unusual engine layout
Unusually, the twin-scroll turbochargers 
sit inside the ‘vee’ of the Audi engine. 
This means that the inlet manifolds are 
on the outside of the engine and that 

How WAVE shaped the

Audi S8 

PASSENGER CARS

Cylinder deactivation dramatically increases the effi  ciency on Audi’s V8 TFSI 
engine, but creates challenges when it comes to the sound of the exhaust
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the exhaust ends of the turbochargers 
are on the inside of the vee – the 
opposite of most other installations. 
Critically, this leaves no possibility of 
modifying the exhaust manifold to meet 
sound quality targets. So achieving a 
consistent exhaust note in both four-
cylinder and eight-cylinder modes would 
have to be achieved solely through the 
design of the exhaust system. 

“We wanted to design a system 
that could cover the whole S8 range, 
so obviously it has to meet the legal 
requirements like drive-by noise and 
the back-pressure targets required 
by the engine development team; 
additionally, we wanted to create a 
sound that underlines the power of 
the car without being obtrusive,” says 
Audi’s Esben Nielsen. 

Deactivating four cylinders produces 
an increase in second-order vibration 
and noise. Vibration is addressed via 
electromagnetic, anti-phase, adaptive 
engine mounts driven by algorithms 

based on a combination of signals from 
the ECU and body-side sensors. These 
mounts use targeted counter-pulses to 
attenuate the engine-order vibrations. 

Interior noise is addressed by the 
active noise cancellation system 
(ANC). The ANC receives signals from 
microphones in the cabin headlining 
along with ECU data and analyses 
them, instantaneously transmitting an 
anti-phase sound through the stereo 
system to cancel unwanted noise in 
the cabin. Where the sound quality is 
unsatisfactory in the engine operating 
range, a sound actuator, which can be 
driver-infl uenced via the multi-media 
interface (MMI) in the centre console, 
can fi ne-tune the sound inside the car. 

A conventional exhaust system 
created for an eight-cylinder car with 
large tube diameters would not be 
satisfactory for what in a just few 
milliseconds eff ectively becomes a 
four-cylinder engine of half the capacity. 
A single system was needed that would 
be capable of supporting both four-
cylinder and eight-cylinder modes, that 
not only sounded good but which could 
also meet engine performance criteria. 
“We wanted the switch over to four-
cylinders to be absolutely unobtrusive,” 
adds Nielsen, “but as soon as the driver 
accelerates we also wanted to get that 
feedback from the engine and underline 
the sporty character of the car with a 
nice powerful sound. I think we have 
succeeded in achieving that.”

Acoustic analysis
Martin Unbehaun, an engineering 
consultant who at the time of the 

project was working for the exhaust 
system supplier Faurecia, assisted with 
the analysis. “Every four-stroke engine 
has an acoustic excitation where the 
base frequency is half the engine order 
of 1.0,” he explains. Therefore a single 
four-stroke cylinder has an engine 
order of 0.5 (one excitation every two 
revolutions of the engine) so every car 
exhaust note comprises multiples of 
the engine order 0.5 (1.0, 1.5, 2.0 and 
so on), depending on the number of 
cylinders. When a second cylinder is 
added to the fi rst, the exhaust pulse 
comes between the two pulses of the 
fi rst cylinder so all half engine orders 
are cancelled by the second cylinder, 
leaving just the full engine orders.

“A four-cylinder motorcycle engine 
revving to 12,000 rev/min produces a 
thrilling sound partly because low inertia 
equates to fast transient response,” 
says Unbehaun. A V8 also has an 
exciting character with similar tonal 
pitch at just 6,000 rev/min because 
there are twice the number of cylinders. 
If the exhaust system is symmetrical 
and the mixing is good, says Unbehaun, 
most of the ‘half’ engine orders are 
cancelled – leaving mainly engine 
orders four and eight to give a V8 sound 
reminiscent of race cars. “The other 
extreme is an asymmetric manifold 
and poor mixing, then we get many half 
engine orders and although the engine 
may be identical, the exhaust sounds 
completely diff erent, giving a harsh 
rumbling note much like a muscle car. 
Neither of these extremes are what we 
want for a luxury limousine.”

On the S8, the design of the exhaust 
manifold was defi ned and fi xed, as was 
the routing of the pipes and available 
space for muffl  ers; however, it was 
possible to experiment with the mixing 
and with the internal geometry of 
the muffl  ers. Starting with the CAD 
defi nition, the muffl  ers can be modelled 
using CAD Import or WaveBuild3D 
Primitives. “I prefer WaveBuild3D 
[Primitives],” says Unbehaun, “because 
it’s faster, the fi le sizes are smaller and 
once the models have been created, 
they can be inserted into WaveBuild 
Canvas or left in WaveBuild3D.”

Initial layouts
The basic layout is a twin exhaust 
system with two front muffl  ers, a 
centre muffl  er and crossover pipe and 
two tail muffl  ers containing valves to 
vary the system performance according 
to the engine mode. Numerous variants 
were designed in WAVE and the most 
successful ones were measured. There 
were diff erent front muffl  er sizes 

Audi’s unusual 
V8 engine layout 
(above), with the 
turbochargers inside 
the vee, meant that 
the desired sound 
quality had to be 
achieved using the 
downstream side of 
the exhaust system; 
speed trace (below) 
shows S8 in engine-
stop, eight- and four-
cylinder modes
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and mixed ones; the cross-pipe was 
evaluated at a range of sizes to achieve 
an optimal solution. Various mid-
muffl  ers were also assessed with more 
or fewer perforations, with and without 
mixing in the centre, or with Helmholtz 
resonators. Rear muffl  ers were tested 
with both straight-through pipes and 
resonators.

The initial layouts were chosen from 
the WAVE simulation and built. The 
fi rst version featured symmetrical 
downpipes, a mid-muffl  er with 
absorption and equal length tailpipes; 
the sound produced had more rumble 
than was desirable. In this system, the 
sound produced was mainly in the range 
of 50-60 Hz, with little fourth order 
content but with a strong contribution 
from the fi rst and 1.5 orders. Four-
cylinder mode exhibited too much 
boom, even with the valves closed. 
The second layout was a more sporty 
version with asymmetric downpipes, 
no mixing in the cross-pipe, very few 
perforations in the mid-muffl  er baffl  es, 
and straight-through tail muffl  er pipes. 
Adding a resonator in the rear muffl  er 
reduced the low frequencies and 
emphasized the high frequencies, but 
this was still too loud and aggressive for 
an Audi, even the S8.

Finalizing the design
The fi nal layout had asymmetric 
downpipes, a mid-muffl  er with 
Helmholtz resonator, and unequal 
length tailpipes. In this confi guration 
engine order 4 was emphasized, 
booming at around 60 Hz was reduced, 
and the asymmetric downpipe and full 
mixing produced enough rumbling for 
the powerful character in eight-cylinder 
mode. In four-cylinder mode the sound 
was dominated by the second engine 
order with the valve open, but with the 
valve closed the system produced a 
mellow, unobtrusive sound – exactly 
what the Audi engineers were looking 
for during low load cruising. 

The team built a small number of 
sets of tail and middle muffl  ers; the 
front silencers were carry-over parts 
from existing models but were fi tted 
asymmetrically, with a larger silencer on 
one side and smaller ones on the other. 
When simulation was complete, the 
systems were built, fi tted and tested 
on a chassis dynamometer to carry out 
the fi ne-tuning over a period of several 
days. 

The tail pipe and interior noise were 
measured and the cars driven on the 
road in real-world conditions. After 
these initial assessments, minor 

adaptations were made to achieve 
the desired sound. So although WAVE 
cannot completely do away with the 
need for a physical prototype at some 
stage, in this case it greatly reduced the 
number needed. 

“This shows how well a combination 
of simulation and fi ne tuning at a 
physical level works,” concludes 
Nielsen. “Only an NVH engineer could 
tell when the engine is running in four-
cylinder mode, and we’ve succeeded 
in creating the balance of character 
and refi nement in both eight-cylinder 
and four-cylinder modes that we were 
aiming for.”  

Cylinder deactivation 
poses a challenge to 
sound engineers: the 
switchover between 
four and eight 
cylinders must be 
unobtrusive, and the 
engine must sound 
good in both modes

“A four-cylinder motorcycle engine revving to 12,000 
rev/min produces a thrilling sound partly because low 
inertia equates to fast transient response” 
Martin Unbehaun, engineering consultant 

 RQ • Q3 • 2013  21

Software

RQ_03_13.indd   21 24/09/2013   14:43



High hopes for

hydrogen
With zero emissions and near-silent operation, hydrogen fuel cells 
could be the perfect range extender units for tomorrow’s electric 
vehicles. Tony Lewin reports on an exciting feasibility study carried out 
by Intelligent Energy, Ricardo, TRW Conekt and Dyson Technology

Passenger cars running on hydrogen 
fuel cells as their primary power source 
are now in operation in a wide range of 
demonstration fl eets, and interest in 
electric vehicles continues to grow. It 
makes sense, therefore, that hydrogen 
should be entering the equation as 
an attractive fuel for range extender 
power units to give EV drivers the broad 
operating radius enjoyed by owners of 
gasoline and diesel cars. 

The stubbornly high cost of EV battery 
systems provides a major opportunity 
for suppliers of all auxiliary power units 

(APUs), enabling automakers to specify 
a smaller and less expensive traction 
battery along with a secondary source of 
power to eliminate the phenomenon of 
range anxiety. Yet of the many diff erent 
APU options available, only one – the 
hydrogen fuel cell – is genuinely zero 
emissions at its point of use, enhancing 
its potential for electric vehicles to be 
used in urban environments.

But what precisely do automakers 
want from such a unit? How powerful 
would it have to be, and how would it 
have to perform in the face of extreme 
automotive conditions of cold and heat, 
vibration and repeated stopping and 
starting?

These were among the questions that 
the recently completed Enhanced Fuel 
Cell System project (EFCS) set out to 
answer. Part-funded by the UK Technology 
Strategy Board and tasked with 
developing a blueprint for an automotive 
fuel cell range extender module as a 
precursor to an eventual production unit, 
the EFCS project was led by established 
fuel cell specialist Intelligent Energy 
(IE) and drew in companies as varied 
as courier fi rm DHL and the technology 
division of innovative vacuum cleaner 
manufacturer Dyson. Ricardo’s role within 
the consortium was to exploit its industry 
know-how to act as a virtual customer 
for the system, establishing a suitable 
specifi cation for the module and signing 
it off  at the end of the programme. TRW 
Conekt, for its part, designed and delivered 
testing regimes to prove the reliability and 
integrity of the complete package.

Next-generation technology
For Intelligent Energy, having already 
delivered fi rst-generation, high 
power density fuel cell systems 
for programmes such as the zero 
emission London taxi, the focus was on 
developing a next-generation system for 
its next round of prototype applications. 
Jane Patterson, chief engineer for the 
Ricardo side of the project, explains that 
the thinking behind the new-generation 
fuel cell engine was to come up with an 
off -the-shelf product that could be put 
into a range of diff erent vehicles.

“These stretch from a Mercedes 
Sprinter or Ford Transit at the top of 
the power scale, right down to a Fiesta 
at the lower end,” she says. “The idea 
within this project was to get a fuel cell 
system ready to put into a vehicle, but to 
stop short of actually installing it. That 
would come with the next project.”

Indeed, with the project partners able to 
boast signifi cant improvements in system 
performance by the time the programme 
had completed, the outlook for real-life 
applications looks promising: power 
density, for instance, has been boosted 
by almost a third. “One of the particular 
engineering highlights was towards the 
end of the programme, witnessing one 
of the fuel systems starting at minus 20 
degrees Celsius in the climatic chamber,” 
Patterson says proudly. 

For Ricardo project director Nick 
Tebbutt this performance was “a 
signifi cant tick in the box” towards 
demonstrating that the fuel cell 
system is applicable to an automotive 

Hyundai iX35: 
already off ered with 
fuel cell power

CLEAN ENERGY
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hydrogen
environment. “One of the things that 
was key to the role that Ricardo played in 
acting as the automotive ‘customer’ was 
being able to provide a list of the extra 
environmental and test requirements 
that an automotive OEM would typically 
expect – over and above what might 
be needed for a home or industrial 
application. Temperature is one of those 
key operational ranges: cars get left out 
overnight in the cold and they have to 
start in the morning.” 

Refi ning the specifi cation
The initial simulation study took in 
three diff erent vehicles – a high-roof 
Mercedes Sprinter light commercial van, 
the Citroën Berlingo small MPV and the 
Ford Fiesta passenger car – with the 
object of selecting the most suitable 
hardware from the basket of available 
modules. Following feedback from 
DHL, the Sprinter study was further 
split into two models: fi rstly, a catering 
delivery service for inner-city operation, 
complete with a refrigeration unit 
weighing 50 kg and consuming 800 W of 
electrical power; and secondly an inter-
city courier carrying a 1000 kg payload 
at up to 110 km/h and with sector 
lengths of between 40 and 300 km.

Available confi gurations included 
fuel cell modules of 20, 40 and 80 kW, 
motors between 40 and 120 kW and 
batteries with capacities of 3.3 and 6.6 
kWh. The mass of each simulated vehicle 
was adjusted to refl ect the removal of 
the conventional powertrain and its 
replacement with the particular fuel cell 
powertrain under study. The Ricardo 
team conducted ‘sweeps’ of all possible 
component permutations for each 
application and for a set of four diff erent 
drive cycles, one of which was a 4 percent 
motorway gradient. 

The latter proved something of a pass-
fail test for some of the confi gurations, in 
particular highlighting the need for a full 
80 kW fuel cell module, coupled with the 
120 kW motor, for the Sprinter in courier 
service; the urban Sprinter, by contrast, 
could perform adequately on the 40 kW 
module, as could the Berlingo MPV. The 
Fiesta could even get by with just 20 kW 
of fuel cell power feeding a 40 kW motor 

and the 3.3 
kWh battery. 

A surprising 
fi nding was that 
the Fiesta would 
consume more 
hydrogen with 
its 20 kW fuel 
cell than with the 
more powerful 
40 kW unit. This 
phenomenon, 
explains 
Patterson, arises 
because the fuel cell is at its most 
effi  cient at between 20 and 50 percent 
of its rated electrical capacity: in the 
Fiesta the 20 kW stack was running 
almost continuously at full load, while 
in the 40 kW simulation it operates 
predominantly at part load.

Costs
The high cost of the precious metals 
used in fuel cell stacks has often been 
seen as one of the biggest barriers to the 
widespread adoption of hydrogen as a 
road fuel. Though the EFCS team is not 
wholly in agreement with the US DoE cost 
estimates that are widely cited in the 
auto industry, the DoE target of $30per 
kW for a complete fuel cell system by 
2017 (at 500,000 units per annum) does 
provide some encouragement. 

However, using a more conservative, 
system cost estimate of $45 per kW 
the team calculated total powertrain 
costs ranging from $8640 for the 20 
kW Fiesta to $23,520 for the most 
powerful Sprinter. Remaining powertrain 
components were costed – based on 
prevailing 2010 prices, some of which 
have since declined – at $1000/kWh for 
the battery pack, $100/kW for the DC-
DC converter and $1000+$36/kWh for 
the motor plus inverter.

Predictions of future installed costs 
are diffi  cult to make in the current 
climate, but what is certain is that the 
baseline cost of conventional powertrain 
systems is increasing too – meaning that 
convergence is likely to occur higher up 
the cost scale than originally anticipated.

Hydrogen consumption emerged at 
between 0.85 and 2.2 kg per 100 km. 

Although the cost of the fuel was not 
factored in, Patterson points out that 
with effi  ciency levels in rig testing in the 
high 50s the fuel cell set-up is getting 
close to its targets – and it is of course 
much better than even the best ICEs. 

Next steps
Although the project formally 
concluded at the end of 2012, the 
partner companies are taking the 
initiative forward with continuing 
work on hardware, testing and further 
developments on the fuel cell module.

Nick Tebbutt notes that the EFCS 
project was “much more than just a 
paper exercise.” The project does have 
hardware that has been built and has 
undergone some level of testing, he 
says: “It was tested on rigs, temperature 
tested. What it didn’t do was to migrate 
from a standalone fuel cell unit into a 
vehicle application.”

Ricardo is very keen to continue the 
work in the fuel cell area both agree. “We 
want to work with our partners to develop 
and deliver integrated solutions for our 
clients ,” says Patterson, and supporting 
her insistence that fuel cell technology is 
moving towards the mainstream is the 
fact that the company’s fuel cell activities 
have now been shifted into the Hybrid 
and Electric Systems Product Group.

“The reason that we at Ricardo are 
pursuing this kind of activity and looking 
for more of it,” says Tebbutt, “is that in 
the last 18 months there has been a 
defi nite upsurge in interest in fuel cell 
technology.” 

Most convincing of all, however, is how 
Ricardo’s famous technology roadmap 
has been updated, as Tebbutt explains: 
“For many years we have always pushed 
fuel cells to the right each time we 
updated the map. Recently, it’s the fi rst 
time that we’ve stopped pushing them 
to the right and instead shifted them to 
the left – which generally means that 
the technology is reaching its window of 
deployment.” 

Next-generation 
modular fuel 
cell stacks from 
Intelligent Energy 
meet the auto 
industry’s most 
demanding 
requirements, 
including a cold start 
after a -20º Celsius 
cold soak

Mass shift: the fuel cell Sprinter
Mass removed:
Engine, 220 kg; transmission, 80 kg, fuel tank, 10 kg
Mass added:
Fuel cell unit, 100 kg; DC-DC converter, 10 kg, battery; 58 kg; motor, 
90 kg; inverter, 15 kg; transmission, 40 kg; hydrogen tank 60 kg
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RICARDO NEWS

A major milestone in the creation of 
Ricardo’s new £10 million Vehicle 
Emissions Research Centre (VERC) was 
passed in June with the formal granting 
of planning permission. The project 
to create this state-of-the-art low-
carbon, low-emissions vehicle research 
and development facility at Ricardo’s 
Shoreham Technical Centre benefi ts 
from fi nancial support provided under the 
UK Government’s Regional Growth Fund 
(RGF) in recognition of the jobs created 
and secured in this important area of 
clean technology. 

“The securing of this planning approval 
enables the launch of this signifi cant 
investment and is a crucial milestone in 
this major project for Ricardo,” explained 
Ricardo UK Ltd managing director Martin 
Fausset. “The next generation of road 
vehicles need to be cleaner and more fuel 
effi  cient than ever before, and the testing 
technology incorporated within this new 
state-of-the-art facility will help ensure 
that Ricardo stays at the forefront of 
this important area of research and 
development on a global basis.”

Breaking ground – and 
a sake barrel
With planning approval granted, RGF 
funding was confi rmed and the project 
entered its construction phase on a 2000 
square metre footprint within the Ricardo 
site. Following the planning approval 
Ricardo announced that a contract had 
been placed with HORIBA UK covering 
the detailed design, construction and 
completion of the centre using HORIBA’s 
next-generation of world-leading vehicle 
testing equipment. 

To mark the start of construction 
of this important project, a ground-
breaking ceremony was hosted at 
the site of the VERC attended by the 
Ricardo and HORIBA project teams and 
members of the senior management 
of both companies. In keeping with the 
low-carbon focus of the new facility, 

the ground was formally broken using 
Ricardo’s HFX fl ywheel energy storage 
excavator demonstrator. In addition, 
following the Japanese tradition on the 
commencement of important projects, 
HORIBA Limited chairman, president, 
and CEO, Mr. Atsushi Horiba brought 
and broke a sake barrel at the site with 
Ricardo plc CEO Dave Shemmans and 
Ricardo UK MD Martin Fausset. 

Class-leading low-carbon 
development technology
The new Ricardo VERC will comprise 
a brand new building comprising two 
vehicle test cells, each incorporating 
four-wheel drive chassis dynamometers 
and advanced emissions testing 
equipment. The vehicle test cells will be 
capable of testing passenger cars and 
light trucks of up to 3 tonnes, including 
advanced technology hybrid electric 
vehicles and their associated energy 
regeneration systems. The facility 
will be climatically controlled, with a 
temperature range of -35 to +55 Celsius. 

This will help Ricardo test new vehicles 
for a global market to far more extreme 
limits than would previously have been 
possible, replicating the conditions of 
many aspects of remote hot and cold 
climate testing locations that would 
otherwise be necessary. This will allow 
clean and fuel effi  cient vehicles to reach 
the market much faster and at lower 
development cost. The Ricardo VERC is 
scheduled to be completed and open for 
business in the second half of 2014.

 “HORIBA is very pleased to have 
been awarded the contract to design, 
build and commission Ricardo’s new 
Vehicle Emissions Research Centre,” 
commented Atsushi Horiba. “This 
project builds upon a long-standing 
history of collaboration between our 
two companies in the area of advanced 
testing technology, and comprises key 
HORIBA technology and skillsets to 
deliver this facility from across our group 
worldwide. We look forward to working 
with Ricardo to complete this state-of-
the-art facility.”

Clean Energy

Breaking ground for the Ricardo Vehicle 
Emissions Research Centre

Latest developments from around the global Ricardo organization

The Ricardo and 
HORIBA team at 
the VERC ground-
breaking ceremony
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Ricardo-AEA grows 
in Scotland with new 
Glasgow offi  ce

Ricardo-AEA is enjoying further growth in Scotland 
and this summer offi  cially opened its new Scottish 
Head Offi  ce in Blythswood Square, Glasgow – a move 
that comes on the back of a successful year for 
the environmental consultancy, with major orders 
having been secured with the Scottish Government. 
Ricardo-AEA has been providing the Scottish 
Government and Scotland’s private sector with 
support in resource effi  ciency, carbon management, 
renewables and air quality for the last 8 years. 

“I am extremely pleased that we have been able to 
open this new Glasgow offi  ce, a move which builds 
upon a very successful period for Ricardo-AEA in 
Scotland,” commented Ricardo-AEA managing 
director Robert Bell. “Our business is now ideally 
positioned to provide customers in Scotland across 
a range of industrial sectors with world-leading 
environmental consultancy support.” 

In March this year, Ricardo-AEA secured a key role 
to partner with the Energy Saving Trust and provide 
a new one-stop advice service to help Scottish 
organisations reduce energy, water and raw materials 
costs. The £3 million per year contract was awarded 
by Zero Waste Scotland. The new ‘Resource Effi  cient 
Scotland’ advice and support service went live on 1st 
April, replacing existing Scottish Government-funded 
support delivered by Zero Waste Scotland, the Carbon 
Trust, and the Energy Saving Trust.

Jamie Pitcairn, director of Ricardo-AEA in 
Scotland, added: “The growth of Ricardo-AEA 
in Scotland is a direct result of the local team’s 
commitment and hard work over recent years and in 
the country’s ambitious targets based on the policies 
and practical leadership of the Scottish government. 
From our new location, we are now even closer to our 
major public and private sector clients.”

Ricardo Software 
has launched a 
completely new 
vehicle system 
modelling and 
simulation 
application 

called IGNITE™. The product features 
embedded design and optimization 
tools – a fi rst for its type of application 
– and a comprehensive powertrain 
library for simulation. Built on the deep 
engineering expertise of Ricardo, IGNITE 
will help automakers and truck and off -
highway equipment builders to optimize 
new vehicle designs for performance 
and fuel economy. 

“IGNITE was designed from the ground 
up to address the unique challenges 
vehicle simulation engineers face,” said 
David Higbie, global director of Ricardo 
Software. “Based on feedback from 
our global software client base, along 
with Ricardo’s own vehicle simulation 
experts, we’ve built unique features 
in IGNITE that address two main 
requests: consolidating simulation and 
optimization toolsets; and embedding 
the users’ own intellectual property.” 

Flexible modelling capability
With a world-class library of vehicle 
component ‘building blocks,’ IGNITE 
allows users to quickly and accurately 
conduct systems-level modelling 
of a wide array of vehicle platforms, 
including conventional, hybrid-electric, 
full-electric and even novel vehicle 
architectures. Users can build complex 
vehicle models, one object at a time, 
using fl exible components and multiple 
confi guration options. Modelling and 
simulation are supported from concept 
phase through detailed powertrain 
integration with quick turnaround of 
vehicle performance, fuel economy and 
emissions prediction. 

The hallmark of IGNITE is the Design/
Optimization toolbox, seamlessly 
integrated within the software, 
which does not require use of add-on 
applications. Users have the ability 
to not just analyse data, but make 
decisions and adjustments throughout 
the simulation process. This fl exibility 
saves critical time in identifying positive 
and negative trade-off s when selecting 
from a vast array of variables.

Saving time – and fuel
The breadth and fl exibility of 
IGNITE’s powertrain library gives 
users unmatched capability for 
comprehensive modelling of the 
entire vehicle with systems-level 
engine, transmission, driveline, vehicle, 
tyre, hybrid-electric, controller and 
powertrain accessory modelling objects. 
As such, IGNITE is expected to become 
a key tool as automakers strive to 
improve fuel economy and effi  ciency 
in order to achieve the upcoming 2025 
CAFE requirements. 

IGNITE supports the Modelica 
standard modelling language, giving 
users the fl exibility and extensibility to 
embed their own intellectual property. 
For example, a supplier could develop 
and implement proprietary models 
representing a new technology, such as 
an e-machine, inIGNITE to analyse the 
resulting impact on vehicle behaviour. 
This feature should allow for faster 
research and development from both 
suppliers and automakers. 

The new IGNITE product joins a full 
suite of powertrain development and 
vehicle integration software products 
off ered by Ricardo Software. The 
extensive integration of these products 
and their co-simulation capabilities 
provide a level of vehicle/powertrain 
modelling accuracy and fl exibility that is 
unique in the global vehicle industry.

Ricardo Software launches 
IGNITE™ full vehicle simulation

Jamie Pitcairn director of 
Ricardo-AEA in Scotland (left) 
and MD Robert Bell (right) formally 
open the new Glasgow offi  ce
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Ricardo has created a registered business 
entity in California to provide greater support 
for low-emission vehicle projects on the 
US West coast. With the company’s staff 
in Valencia, California, Ricardo has already 
begun work on two new projects, both in 
support of initiatives by the California Energy 

Commission (CEC). The team is initially 
providing consulting support, with plans to 
expand into engineering and low-volume 
production services based on customer needs.

“With a greater California presence, we 
will support the development of zero- and 
near-zero emissions technology for cars and 

commercial vehicles,” said Tom Apostolos, 
president of Ricardo’s US subsidiary, Ricardo 
Inc. “California is helping lead the push 
for effi  ciency and advancements in green 
technology, and we see this expansion as 
a perfect opportunity for Ricardo to better 
reach this important market.”

Clean Energy

Tackling bus emissions
A wide range of innovative technologies can cut carbon 
emissions from buses and provide a short-term payback at 
current fuel prices and subsidy levels. These are among the 
conclusions of a new report prepared for the UK Low Carbon 
Vehicle Partnership (LowCVP) by Ricardo.

The aim of the LowCVP study was to identify a range 
of low-carbon fuels and technologies which can cost-
eff ectively reduce well-to-wheel CO2 emissions for urban 
buses in the UK. The report developed technology roadmaps 
to illustrate when these technologies are likely to be ready for 
deployment into the bus market, focusing on the timescales 
2012-2020 and 2020-2050. The study also examined 
the wider role of the selected fuels and technologies for 
decarbonising heavy goods vehicles.

Technology focus
The report focuses on a variety of promising vehicle and 
powertrain technologies including lightweighting, battery 
electric and various hybrid architectures including stop-
start, mild, diesel electric, mechanical fl ywheel, and hydraulic 
hybrids. The study also covered a range of alternative 
fuels including compressed natural gas, biomethane, 
hydrotreated vegetable oil, second-generation biodiesel and 
hydrogen. Payback times for the selected technologies for 
both single- and double-deck vehicles were calculated both 
with and without current UK bus subsidies.

The study confi rmed a number of technologies (such as full 
electric hybridization) with the potential to make very signifi cant 
improvements of over 30 percent to bus CO2 emissions, but 
showed that the most technically eff ective technologies can 
have high investment costs with payback periods as long as 20 
years. These would require intervention in the form of subsidies or 
regulation to encourage their implementation.

The study also identifi ed several technologies (such as mild 
hybrid and fl ywheel hybrid) for which the emission benefi t was 
slightly smaller, but still signifi cant at up to 20 percent, and 
with payback periods of less than four years – which could be 
commercially feasible without subsidy. In the area of fuels, 
the study showed that the use of biofuels can give signifi cant 
reductions in well-to-wheels CO2 emissions. Biomethane could 
be particularly attractive as a drop-in fuel to replace fossil-
derived natural gas. However, the eventual rate of adoption is 
likely to be determined by the subsidies or incentives available, 
the economics associated with developing an adequate 
infrastructure, and the price of the fuel itself.

Overall, the study indicates that signifi cant improvements 
in bus CO2 can be achieved in the medium to long term 
through development, incentivisation (or regulation) and 
implementation of new vehicle technologies and fuels. 

The report of this study can be downloaded from the 
Ricardo and Low Carbon Vehicle Partnership web sites.

Delivering Value Through Innovation & Technology

HYBRID & 
ELECTRIC 
VEHICLES

RICARDO TRAINING: 

Internal Combustion Engines - Basic
Location: Ricardo STC 
19 November 2013. Feb, May, July & Nov 2014

Internal Combustion Engines - Advanced
Location: Ricardo STC 
20-21 November 2013. Feb, May, July & Nov 2014

Automotive Transmissions - Overview
Location: Ricardo MTC 
13-14 November 2013. April & Nov 2014

Other Ricardo training courses:

Technical training by 
engineering experts

For more information about our current training course programme or to discuss 
individual company-specific training requirement, please contact: Shaun Howell or 
Donna Wild at seminarinfo@ricardo.com or call +44 (0) 1273 794021.

2 day course
Location: Ricardo STC

Date: 16-17 October 2013 & Spring 2014

£1,500 per person 

Early Bird Price £1,250 

This course is designed for anyone looking 
for a in-depth understanding of hybrid 
vehicle integration, technology, market 
drivers and system.

1 day course
Location: Marble Arch London, Ricardo-AEA

Date: 3rd October 2013 & Spring 2014

£995 per person 

Early Bird Price £795

This course will outline the market drivers for 
the adoption of hybrid and electric vehicles, 
the role they will play in CO2 reduction, and the 
key technologies required for their delivery.

www.ricardo.com/training

Examples of bespoke courses:
• Diesel Engine Calibration

• Diesel Particulates and NOx Control 

• Crankcase Lubricants

• Chassis and Vehicle Dynamics

• Life Cycle Analysis

• Manufacturing

• Introduction to Onboard Diagnostics

Contact us for more details.
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Ricardo expands in California 

Thermal Energy 
Recovery System (TERS) 
demonstrated 
The TERS project – which is a UK consortium 
led by Wrightbus and including Queen’s 
University Belfast, Revolve Technologies and 
Ricardo – has been carrying out research in 
a complex project aiming to further reduce 
power consumption and CO2 emissions 
in hybrid diesel-electric buses. The TERS 
project has sought to utilize market-leading 
technology to research, design and integrate 
pioneering thermal management concepts 
into hybrid diesel-electric buses. The initial 
project aim was to reduce vehicle CO2 
emissions by 10 percent through the use of 
waste heat recovery systems, while further 
improving fuel consumption. The system was 
demonstrated for the fi rst time in public at the 
UK Low Carbon Vehicle show at Millbrook in 
early September 
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HYBRID & 
ELECTRIC 
VEHICLES

RICARDO TRAINING: 

Internal Combustion Engines - Basic
Location: Ricardo STC 
19 November 2013. Feb, May, July & Nov 2014

Internal Combustion Engines - Advanced
Location: Ricardo STC 
20-21 November 2013. Feb, May, July & Nov 2014

Automotive Transmissions - Overview
Location: Ricardo MTC 
13-14 November 2013. April & Nov 2014

Other Ricardo training courses:

ELECTRIC 
VEHICLES
Technical training by 
engineering experts

For more information about our current training course programme or to discuss 
individual company-specific training requirement, please contact: Shaun Howell or 
Donna Wild at seminarinfo@ricardo.com or call +44 (0) 1273 794021.

2 day course
Location: Ricardo STC

Date: 16-17 October 2013 & Spring 2014

£1,500 per person 

Early Bird Price £1,250 

This course is designed for anyone looking 
for a in-depth understanding of hybrid 
vehicle integration, technology, market 
drivers and system.

1 day course
Location: Marble Arch London, Ricardo-AEA

Date: 3rd October 2013 & Spring 2014

£995 per person 

Early Bird Price £795

This course will outline the market drivers for 
the adoption of hybrid and electric vehicles, 
the role they will play in CO2 reduction, and the 
key technologies required for their delivery.

www.ricardo.com/training

Examples of bespoke courses:
• Diesel Engine Calibration

• Diesel Particulates and NOx Control 

• Crankcase Lubricants

• Chassis and Vehicle Dynamics

• Life Cycle Analysis

• Manufacturing

• Introduction to Onboard Diagnostics

Contact us for more details.
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www.ricardo.com/winraces

Delivering Value Through Innovation & Technology

VECTIS (3-D) and WAVE (1-D) fluid dynamics 
software developed specifically for vehicle  
and engine performance simulation. 
Optimized technology, proven up to 10 times 
faster than the competition.

Fast 
analysis 
wins 
races

For more information and to request an evaluation:
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