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thunder Power 
takes on tesla
styled in Italy, financed from taiwan and to be built in 
China, the thunder Power is a very tesla-like luxury Ev 
put together by a team of experienced European auto 
engineers. It packs a remarkable 125 kwh of battery 
storage for a claimed 650 km range, and there is a choice of 
320 or 320 kw motors. Claimed weight is impressive, too, 
at under two tonnes, and production is set to begin within 
two years for a planned European debut in late 2017 at an 
expected price of around €65,000.

The latest in technology, innovation and 
sustainability across world industries

Plug-in power
With Europe’s august car sales returns 
revealing a double-digit increase 
to bring year-to-date growth to 
almost 9 percent, automakers were 
in a naturally confident mood as they 
unveiled their latest hardware at 
Frankfurt’s Iaa, the most expansive 
event on the auto industry calendar.

Behind the upbeat glitz and 
the rush into all shapes and sizes 
of crossover, the engineering 
is witnessing a dramatic swing 
towards plug-in hybrids and pure 
battery electric concepts. This  
development has the convenient 
bonus of buying heavyweight 4x4s 
and premium limousines a measure of 
environmental acceptability.

While audi’s e-tron quattro concept, 

a scarcely disguised rendition of the 
upcoming 2018 Q6 battery crossover, 
had been heavily previewed prior to 
the show, the Mission E from sister 
company Porsche came as a genuine 
surprise. Both share similar hardware, 
such as a 95 kWh lithium ion battery 
for a headline-grabbing 500 km range; 
the Mission E version, branded as 
Porsche’s vision of an electric sports 
car, has four doors and four seats, twin 
motors and 600 hp;  audi’s version, 
with 500 hp, has three motors to 
enable both quattro aWD and torque 
vectoring.

Mercedes-Benz’s Concept Iaa, for its 
part, is a four-door coupé majoring on 
aerodynamic efficiency (see right) and 
is a gasoline/electric plug-in hybrid; its 

CO2 emissions in the nEDC cycle, which 
Mercedes points out do not show the 
advantages of its aerodynamics, are 
computed at 31 g/km and its battery-
only range is 66 km.

Back in the real world, german 
automakers pointed to a clutch of 
production-status plug-in hybrid 
versions of their staple heavyweight 
SuVs and luxury sedans, BMW 
being the leading example with its 
showroom-available 740e, capable 
of just 49 g/km CO2 emissions. 
In this way german industry has 
skilfully rebranded its once gas-
guzzling premium profit earners 
as environmentally acceptable 
choices for a new generation of eco 
entrepreneurs.

Audi e-tron quattro 
concept (above) 
and closely related  
Porsche Mission E 
study show  how 
German premium 
manufacturers are 
set to embrace pure 
battery power

Industry newsIndustry news
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Highlighting the latest thinking in automotive 
engineering and technology worldwide 

news In bRIEF
against the background of spiralling 
global consumption of everything from 
meat and plastic to coffee and cars, 
California’s State Senate has passed a 
landmark bill which has been described 
as the most far-reaching climate 
change legislation enacted in the uS.

governor Jerry Brown’s Clean Energy 
and Pollution Reduction act calls for 
a doubling of the energy efficiency of 
buildings by 2030, as well as raising 
the renewable energy generation 
proportion from 33 to 50 percent. 
However, removed from the bill in the 
face of intensive lobbying was a call for 
a 50 percent reduction in the use of 
petroleum in vehicles.

already, San Francisco’s Mayor 
has announced the phasing out of 
petroleum diesel in favour of renewable 
diesel in the city’s vehicle fleets.

a study by the International Energy 

agency has established that transport 
is now the world’s biggest consumer 
of energy, ahead of industry – except 
in Europe. Transport’s reliance on 
oil is making it increasingly difficult 
for this sector to embrace lower 
emission energy, says the agency; in 
the Eu, for instance, transport is 95 
percent oil-dependent; worldwide, 
transport accounts for 33  percent of 
final energy use, compared with 31 
percent for industry and 20 percent 
for residential use.

The Massachusetts Institute of 
Technology (MIT), meanwhile, has 
warned that certain geo-engineering 
solutions for climate change 
mitigation, such as ocean fertilization 
with iron sulphite, could have adverse 
effects on global rainfall patterns that 
could impact on water resources and 
livelihoods in some regions.

Shape-shifter rewrites aero rules
Systematic digital networking and a 
million CPu hours of numeric airflow 
simulation have allowed Mercedes-
Benz to develop what it claims is the 
aerodynamic world champion.

a large five-metre four-door coupé 
of a configuration billed as “suitable 
for everyday use”, the Concept 
Iaa incorporates speed-sensitive 
aerodynamic elements that enable a 
Cd value of just 0.19 and a top speed 
of 250 km/h from its 279 hp gasoline-
electric plug-in hybrid driveline. Key to 

the Iaa’s aerodynamic performance are 
the moveable surfaces which come into 
play at 80 km/h: eight segments extend 
the vehicle’s tail by up to 390 mm, while 
flaps and louvres in the front bumper 
control the air flow and active rims alter 
the dishing of the wheels, 
again to improve 
air flow.
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Highlighting the latest thinking in automotive 
engineering and technology worldwide 

news In bRIEF

Leaf powers to 250 km range
A revised battery pack for the market-leading Nissan Leaf 
has boosted the pioneering EV’s range to 250 km, more 
than any other model in the lower medium EV segment. 
Installed as part of the 2016 model year update, the 
new battery has a capacity of 30 kWh and shares the 
dimensions of the old unit despite being 21 kg heavier. In 
most markets the system will be protected by an eight 
year, 160,000 km warranty.

sony roll-out not ruled out
Following Google’s commitment to autonomous vehicles 
and Apple’s much-rumoured venture into the car market, 
Sony’s chief executive has hinted to the Financial Times 
that the Japanese electronics giant might “not rule out” 
expanding into the auto sector, especially now that the 
advent of electric vehicles has lowered the barriers to 
entry.

volvo signs up to safety advance
Following the success of its new XC90 premium SUV in 
worldwide safety assessments, Volvo has committed 
itself to making forward collision warning and automatic 
emergency braking standard on all its US-market vehicles 
within five years. Volvo is one of ten automakers to make 
the commitment and has earned the endorsement of 
NHTSA and the Insurance Institute for Highway Safety.

Land Rover’s ‘transparent’ trailer
UK premium 4x4 maker Land Rover has developed a 
concept to eliminate the visual blindspot when towing 
a trailer or caravan. The prototype Transparent Trailer 
system combines the feeds from the vehicle’s existing 
surround-view and reversing cameras together with the 
input from a wireless camera mounted on the trailer. The 
feeds are then combined to form an image of the view 
behind on a display on the dashboard or the interior mirror.

Computer beats the professional
Following their machine’s well publicized racing speed 
laps of the Hockenheim circuit in Germany, Audi engineers 
developing the pilotless RS7 have moved to the “most 
challenging” Sonoma Raceway in California. Here, 
says lead engineer Thomas Müller, the RS7 was able to 
consistently turn in lap times of 2 minutes 1 second for 
the 4 km track, a performance claimed to be better than 
that of human sports car drivers. Müller did not name the 
drivers involved, but in July 2000 Audi Le Mans ace Alan 
McNish qualified his Audi R8 racer with a time of 1 minute 
20.7 seconds.

Climate concerns escalate

Honda’s 2&4 Concept, 
unveiled at the Frankfurt 
auto show, is about as 

outrageous as they 
come. A car-bike 

fusion – hence 
the name – the 
Martin Petersson-

penned design was 
the winner in an internal 
Honda competition and 

uses a motorcycle-like aluminium frame with the driver positioned on a 
floating outrigger on the left hand side and the potent 212 hp RC213V 
MotoGP bike engine powering the rear wheels through a six-speed dual 
clutch transmission. An all-up weight of just 400 kg promises responsive 
performance, and the right-hand tonneau panel removes to allow the fitment 
of a passenger seat.

Industry newsIndustry news
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Europe crosses over
an industry observer pacing the 
many large halls of the Iaa auto show 
in Frankfurt could have been in no 
doubt about the biggest and most 
brashly proclaimed design trend – the 
transformation of hatchbacks, sedans 
and even minivans into high-riding, 
terrain-hungry crossovers.

Right across the segment spectrum 
from small and mainstream – Suzuki 
and Honda – to rich and famous, in the 
remarkable shape of Jaguar and Bentley, 
crossover and SuV were the corporate 
buzzwords, and even a long-dormant 
german name, Borgward, feted for 
its Isabella TS sports sedan, emerged from its 50-year 
hibernation as a Chinese-built SuV. Citroën’s C4 has now 
morphed into the 30 mm taller Crossback, the SEaT Leon SC 
Cross Sport previews an off-road style hot hatch, and staples 
such as the Volkswagen Tiguan, Kia Sportage and BMW X1 are 

renewed in shapelier and sportier formats.
But for sheer audacity, concept studies from European-

focused Japanese brands nissan and Toyota point towards 
a new breed of aggressively coupé-like crossovers which 
sacrifice family practicality for macho Dakar-like presence. 
nissan’s gripz is tipped to be the future direction of its sporty 
Z sub-brand and houses a hitherto unseen hybrid powertrain, 
while Toyota’s more polarizing C-HR will be launched in mildly 
toned down form in 2016 as the company’s contender in the 
medium crossover segment.

In engineering terms, particularly when it comes to super-
luxury SuVs such as the Bentley Bentayga and its upcoming 
aston Martin and Rolls-Royce rivals, vast technical resources 
are being brought into play to enable the vehicles to meet the 
exacting – but often conflicting – customer requirements of 
supercar dynamics, limousine-like comfort, and the ability to 
tackle rocky mountain tracks, muddy fields and desert sand 
dunes without breaking sweat.

Clean power takes to the water
The San Francisco Bay area will soon have a zero-emission ferry if 
a feasibility study for a hydrogen fuel cell powered service proves 
successful. Developed by Sandia national Laboratories – which 
has already completed several dockside fuel cell power schemes – 
and the Red and White Fleet ferry company, the vessel will use an 
estimated 1000 kg of hydrogen each day, which in turn demands a 
fuelling station twice as large as anything yet built.

High speed is an important factor in the boat’s potential as the 
service must compete not just with other ferries but also public 
transport and private car travel. The scheme’s promoters point out 
that the ferry will not only reduce atmospheric pollution but also 
reduce the risk of contamination from fuel spills.

norway already has a zero-emission ferry service in the shape 
of the norled ampere, operating a 6.5 km crossing in Sognefjord. 
Developed in conjunction with Siemens, the silent, aluminium-hulled 
norled is the first battery-powered ferry in the world and takes 360 
passengers and 120 vehicles.

as the weak local power infrastructure ruled out direct recharging 
of the ferry’s batteries at each 10-minute turnaround, Siemens 
installed large lithium-ion buffer batteries at each dock; trickle 
charged throughout the day, these batteries are able to give the 

norled’s on-board batteries a 265 kWh boost each time the ferry 
docks.

With norway’s electricity grid being exclusively hydroelectric, 
the zero-emission ferry provides a notable win-win, saving an 
estimated 1 million litres of diesel a year as well as 2680 tonnes of 
CO2 and 37 tonnes of nitrogen.

The Bentley Bentayga 
(above) is the first 
entry into a super-
luxury SUV segment 
that is expected to 
bring handsome 
rewards; the NIssan 
Gripz (left) concept 
marries crossover and 
sports coupé design 
themes
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vIEwpoint

Ricardo Energy & Environment needs 
to be at the forefront of global thought 
leadership.

Following on from the integration 
of PPa Energy into our business at 
the end of 2014, the summer of 2015 
also marked the acquisition of water 
industry consultancy Cascade. These 
acquisitions broaden our capabilities 
still further and enable us to address 
two additional global issues – water 
shortage and the development of 
modern electricity systems. These 
programmes provide an extremely 
tangible indication of the seriousness 
of our strategic intent.

In short, I believe that we have 
driven our business so far in such a 
short period that the time is clearly 
right to move on. For me, our change 
of name is much more than just 
a subtle re-branding. It is both a 
reflection of what we have collectively 
achieved to date, and it represents 
nothing short of a statement of 
our commitment and intent to be 
the leading source of energy and 
environmental consulting in the world.

Much more than just a  
change of name
Robert bell – MD Ricardo Energy & Environment

“However 
subtle it might 
appear at first 
sight, the name 
Ricardo Energy 
& Environment 
is also a much 
bolder reflection 
of our ambition 
to address some 
of the toughest 
environmental and 
societal challenges 
faced by the world 
in the century 
ahead”Capturing exhaust energy

French supplier Faurecia has become the first in the world to 
offer a system to capture and exploit exhaust heat, which can 
represent up to 30 percent of the energy content of the fuel and 
which is largely wasted.

The Exhaust Heat Recovery System (EHRS) will initially appear 
in trucks, where long distances at constant speed provide 
favourable conditions for energy recovery: the company claims 
truck economy can be improved by 5 percent or more, with the 
EHRS producing up to 15 kW of mechanical power.

Passenger car applications could follow around 2022, and in 
hybrid models the system would generate 1 to 2 kW of additional 
electrical power to improve fuel economy by 7 percent and reduce 
CO2 emissions by 9 g/km.

The underfloor-mounted EHRS 
unit operates on the Rankine 
cycle, with a heat exchanger placed 
in the exhaust stream evaporating a 
working fluid, which then powers a steam 
turbine; when the steam is condensed it 
transfers its heat to the vehicle’s cooling 
system to aid warm-up.

Faurecia is also working on a solid-state 
thermo-electric generator with no moving 
parts, and in the uS alphabet Energy and Borla 
have developed the PowerModule thermo-electric 
generator claiming to be able to recover 5 to 10 
percent of a car or truck’s waste exhaust energy 
– for fuel savings of between 3 and 6 percent.

Much anticipation surrounded the debut of the new toyota 
Prius, the fourth generation of the model that has brought 
hybrid driving to the volume market worldwide.

superficially similar in profile to its predecessor, but 
longer and lower and with a new aerodynamic treatment 
at the rear, the new Prius is the first model to be built on 
toyota’s new Global Architecture, or tnGA, allowing for a 
lower centre of gravity.

Full technical details have not yet been revealed, but the 
1.8 litre engine now claims a thermal efficiency of over 40 
percent, the first time a gasoline unit has reached this figure. 
significantly, the battery remains nickel metal hydride, and 
improvements to the driveline have been targeted at raising 
refinement and reducing Co2 emissions by 18 percent.

without giving precise figures, toyota claims the new 
model offers the biggest leap yet in overall performance, and 
the claimed Co2 improvement would put it at around  
75 g/km – well ahead of even the very best diesels.

Hybrid pioneer, take 4

During the summer, while many 
Ricardo customers and employees 
were enjoying a well-earned 
vacation, we took the step of 
changing the brand of the former 
Ricardo-aEa to become the new 
Ricardo Energy & Environment. 
This change of name follows less 
than three years after we became 
part of the Ricardo plc group in 
november 2012, a highly successful 
period in the development of our 
environmental consulting business 
and one during which we have 
become a key part of the Ricardo 
group strategy.

While we remain the same 
company and team in all other 

respects, the rebranding 
looks to  the future and more 
meaningfully reflects our 
products and markets. When 

aEa Technology was acquired 
by Ricardo plc in 2012, we felt it was 
helpful for our clients to maintain 
the aEa reference point for a while. 
We now believe our brand reputation 
and strength has transferred 
satisfactorily to the Ricardo name, 
and so we can look forward.

However subtle it might appear 
at first sight, the name Ricardo 
Energy & Environment is for me 
also a much bolder reflection of our 
ambition to address some of the 
toughest environmental and societal 
challenges faced by the world in the 
century ahead. We help our clients as 
they seek to tackle climate change, 
improve air quality in the world’s 
largest cities, or find solutions for 
topics ranging from sustainable 
transport to waste management 
and hazardous chemicals. We help 
countries - from the richest to the 
poorest - to develop and prosper. 
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How far ahead does bMw plan?
Hildegard wortmann: It depends on what level of detail you are 
talking about, but we certainly have a scope of some 15 to 20 
years; we have a long term vision of where the journey could go. 
Year by year you come closer to it and it becomes more precise. 
It’s not just products, it’s technologies and more. We try to 
imagine what will be relevant 20 or 25 years ahead and work our 
way back from there to see which way to go.

so you are organized for Euro 7, the 2025 Co2  
standards and beyond?
Hw: Yes certainly, and we are already thinking about the next 
generation of the 7 Series here today as well as concepts and 
products after that. It always sounds strange because we are only 
just launching our 7 Series now. But if you look at the new plug-in 
7 Series, you have a car with 49 grammes: only a couple of years 
ago we would have been very happy to have a 3 Series with under 
100 grammes.

the bMw Group sold over 2m cars last year. How much 
further does it need to expand, and is there a ceiling?
Ian Robertson: It depends on what you mean by expansion. If 
you mean continuing to grow, then that is always in our mind. 
The car market continues to grow and different nations become 
significant car customers. I remember in China in 2008, we 
were selling 66,000 cars [a year] and had a mid-term objective 
of 100,000; two years later we were at 169,000 and last year 
we did 455,000. So there was an opportunity that not only gave 
us expansion but which also offset some of the risks we were 

having in the uS and Europe at the time. We are always looking for 
markets that are developing as well as segments that are moving 
forward.

your number one strategy commits you to remaining  
the top premium car producer in the world. If, say, Audi goes 
beyond 2m units, do you have to keep step?
IR: no, ‘top’ does not necessarily mean overall volume leader, 
though volume is still important. audi has an a1 and in the same 
segment, our offering is called Mini – so long as you bear that in 
mind, we are significantly ahead in overall volume. Of course there 
is always a brand comparison - I can tell you that between the 
three german premium brands, we are competitive and we look at 
each other’s performance every month.

Is it an industrial thing, or a matter of pride?
IR: It’s a question of many things. You can’t continue to be 
successful without growth, in my view; we need to protect our 
share of the market. When I am setting my budgets all around the 
world, clearly we have targets for volume, targets for profitability, 
targets for segment share. If a market deteriorates for whatever 
reason, we might not get our volume but I’m really keen that we 
get our segment share.

do you need to expand your range of models any further, or 
might you reduce the numbers as Mini has done?
Hw: It depends on how the markets develop and the trends that 
emerge. as you are aware, there is a big trend towards more X 
models and more SuV car concepts, and within that we have found 

opportunities – the sport activity coupés 
like the X6 and now the X4. We’ve already 
had one generation of the X6 and now 
our competitors are coming with similar 
concepts. So it’s not a question of how many 
derivatives you have, but one of identifying 
new segments and new customer needs. 
That’s really the driving force, and not the 
counting of [pieces on] a chess board.

IR: In terms of new products and new 
segments, the checkerboard of segments 

IntERvIEw

strategy number one
as the global leader in premium car sales since 2005, BMW is being chased by a 
highly ambitious audi and a fast-recovering Mercedes-Benz. tony Lewin tracked 
down sales and marketing director Ian Robertson and vice president for product 
management Hildegard wortmann at the Frankfurt Motor Show to learn BMW’s 
secrets and hear how it plans to face a low-carbon future

“Clearly, electrification of 
powertrains is not going to go 

away again. there will be a relevant 
part of our future portfolio that is 

electric [and] plug-in hybrid” 
Hildegard Wortmann
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take all competitors seriously and Mr Musk and his team have done 
a pretty good job in many respects. But we are shaping our [own] 
future, so from that perspective, they are just another competitor.

Hw: I’m glad that Tesla is there, because what they have done 
has made electromobility a bit more sexy and has spiced up the 
business. On the other hand you have to put it into perspective: 
with just 30,000 cars worldwide it is nowhere near where BMW 
is as a company, and the uS market and California are a very 
different business model. Of course we are watching them, but if 
you look at the BMW i story it is a sustainability story through and 
through, and the complete value chain is sustainable. Offering a 
sports car weighing 2.5 tonnes – you can question whether that is 
efficiency and a sustainable concept.

IR: Many factors [in the EV sector] are changing. Batteries will get 
better, range will improve, costs will come down. Equally, as a result 
of increasing regulatory demands when it comes to the emissions 
of combustion engines, they are becoming more expensive, while 
electric engines will get cheaper, as that technology develops. at 
some point, those costs will cross over – do I know exactly where 
this is? no, but there are clear trends in that regard and eventually 
that will make electric drive a different proposition. Would we 
make a full-blown electric vehicle in a luxury-car segment at the 
moment? Technically, that’s something that could be done, but we 
would have to consider it very, very carefully.

How would autonomous or self-driving vehicles fit in  
with bMw brand values?
Hw: First of all, if you’re talking about a car that’s autonomous 
and completely driverless, it’s an illusion to think that it will be 

the new-generation 
7 series just launched
uses a carbon core 
centre structure to 
save weight; driveline 
choices include the 
plug-in hybrid 740e 
capable of 49 g/km 
Co2 emissions

and types of body style has become quite full in the last few years. 
That’s not to say that there aren’t one or two [more] that we could 
still find, but I don’t think the pace of development seen in the last 
ten years will continue over the next ten years. Maybe we will even 
take some decisions to rationalize one or the other, too.

How far do you see bMw’s i division growing as a  
proportion of overall sales?
IR: In our own minds, we see i as the opposite bookend to M. M is 
a relatively small volume but has a huge influence over the rest of 
the range. We sell M5s and M3s in relatively small numbers, but 
customers who buy, for example, a BMW 318 with an M-Sport 
steering wheel or M-Sport alloys are really aspiring to an M car, 
so the influence, the business and the profitability that comes 
from M is significantly higher than just the M vehicles. The same is 
occurring with i: we are now seeing i technology moving into other 
cars, and the result of that is that BMWs, with their core Dna 
intact, now offer zero emissions when you need it.

Hw: Clearly, electrification of powertrains is not going to go away 
again. There will be a relevant part of our future portfolio that is 
electric, plug-in hybrid, or whichever degree of electrification 
[that is needed]; when and how much, that’s the question that 
everyone is asking and no one can yet answer. Just look at how 
much has changed in recent years.

will you be launching other standalone i models to 
supplement the i3 and i8?
IR: Yes we will. Into which sector is something we are assessing at 
the moment. We have a number of options on the table and in the 
months ahead, we will take the next decisions.

Hw: I can imagine a lot of things and 
clearly there is a lot of space between i3 
and i8, but it is not a key focus area for us 
right now and we’re not saying that we will 
blast out another five models from BMW i; 
but of course just an i3 and an i8 might not 
be sufficient.

Is the success of tesla something  
of a wake-up call?
IR: Tesla have been announcing their 
expansion for several years, and it appears 
that it is maybe about to happen now. We 

“Equally, as a result of increasing 
regulatory demands when it comes to 
the emissions of combustion engines, 
they are becoming more expensive, 
while electric engines will get cheaper” 
Ian Robertson
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on the streets in two or three or five years: there are still a lot 
of concerns and the legal framework needs to be worked out, 
let alone the technology part of it. But if you look at BMWs we 
have had steps towards autonomous driving for several years: 
stop-and-go traffic assist is something [in that vein]. For us the 
guiding principle is that whenever driving is not fun, or when you 
sit in a traffic jam and don’t really enjoy it, and you find technology 
to make this a more pleasant thing and to take away the stress 
and the hassle, then let’s do it. Whenever the situation is such that 
driving is a pleasure, then we definitely go for the driver driving – 
we still are a driver’s company. The person in the driving seat is the 
driver: I can hardly imagine a completely driverless car.

In the run-up to 95 g Co2 in 2021 and even less after 2025, 
what is the future for bMw’s high performance M division?
Hw: The future is bright for M, because it’s an important part of 
BMW and, if you like, the essence of the brand. The one bookend 
is BMW i, the other is BMW M. But with the world changing and 

Averting a crisis
How did BMW weather the 2008 financial crisis  
so much better than its competitors?
Ian Robertson: First of all, the financial crisis was largely a surprise for 
everybody and for every industry. Perhaps the most surprising thing was that 
the whole world moved in a negative direction at the same time. [At BMW] we 
had a number of advantages. We had started to develop Strategy Number 
One the year before, so we had been thinking of a number of scenarios, and 
volatility was part of our thinking. We had already pre-planned some ‘what-ifs’. 
But I think the most important thing we did was to react very quickly to a set of 
circumstances that were difficult to read and draw conclusions from.

I can remember a very important discussion we had at the Paris auto show 
in [October] 2008, when I was looking at our monthly figures for September 
that year. They were coming through on my Blackberry (which is what I was 
using at the time) and they were minus 30, minus 35, minus 40 – and it was 
everywhere. I said to [CEO] Norbert Reithofer, “there’s something very serious 
happening out there, and whilst I’m not sure how it will develop, we need to 
review our forward plans.”

The decisions we took over the next three weeks were very much geared to 
protecting our position. We decided to take 78,000 cars out of the production 
schedule before Christmas and I can remember the serious and complex 
discussions we had within the Board meeting. Our schedule was fixed and the 
suppliers were all geared up. It was a hard debate but in the end we decided we 
would do it.

We came out of that year with our cash flow in much better shape than our 
competitors. Did we know that the overall economic situation was going to be 
as bad as it turned out to be? No, but we knew we were seeing something and 
that we needed to demonstrate quick thinking, speedy reactions and in many 
respects, take brave decisions.

technology changing, BMW M evolves as well. The i8 has shown 
there are ways of putting electrification into really sporty cars, so 
why not do that for M as well? I wouldn’t see that as a break with 
the brand.

Is the slowdown in China a concern to bMw?
Hw: any slowdown anywhere in the world is always a concern for 
me because I like to be successful. as I have said several times, if 
someone says China doesn’t have an impact on the automotive 
world, I don’t think that’s true. Of course it does have an impact. It is 
a huge market in terms of size and it has been a market in which we 
have all sold a lot of cars and made a lot of money in the last decade. 
So if this market slows down, of course that has an effect. The 
challenge is to know at what point in time you think these changes 
are coming and how soon do you recognize it and take action. I think 
we have been well prepared: it’s a normal economic phenomenon, 
and if a market over performs over [a number of] years there 
comes a point of saturation and there is a tipping point. Here, the 
tipping point was foreseeable and was not a complete surprise. It’s 
a question of good management, early alerts and early changes in 
your business model if you need them. 

Ian Robertson has been a member of the BMW ag Board responsible for 
global Sales and Marketing since March 2008. Prior to joining the Board he 
was chairman and chief e xecutive of Rolls-Royce Motor Cars Ltd and from 
1999 was MD of BMW South africa. Robertson joined Rover group as a 
graduate trainee in 1979, rising to become MD of Land Rover in 1994.

Hildegard wortmann became senior vice president for product 
management and aftersales at the BMW brand in 2010 after having been 
product manager for the X and Z series models and having led marketing 
for pre-development and innovative projects since 2008. She joined BMW 
in 2001 after a career with unilever and Calvin Klein, and was named brand 
communication leader for the Mini relaunch in 2007.
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In the modern era of rapidly evolving 
mission environments, military planners 
require new vehicles and materiel 
systems to be conceived, developed 
and deployed as fast as possible. 
From conventional force projection 
and peacekeeping assignments to 
asymmetric warfare and counter-
insurgency defence, vehicles need 
to be capable across multiple hostile 
theatres of operation, and to adapt 
with previously unprecedented speed 
wherever new requirements emerge.

By 2010, DaRPa had determined 
that the prevailing model of military 

vehicle design and development was 
increasingly incapable of delivering new 
vehicle innovations sufficiently quickly 
for these modern requirements. For 
this reason, the agency initiated the 
adaptive Vehicle Make (aVM) portfolio 
of programmes intended to address 
revolutionary approaches to the design, 
verification and manufacturing of 
complex defence systems, with the aim 
of achieving a five-fold reduction in the 
time required for design, development, 
and manufacturing of new complex 
military vehicles. 

DaRPa sought to implement a model-

strength
Ricardo, Inc. is helping the uS Defense advanced Research Projects agency  
(DaRPa) in its effort to use a public competition to boost innovation and help achieve 
a five-fold reduction in development time for next-generation vehicle development

in numbers
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based approach to vehicle development 
similar to that of the electronics and 
software industries. In addition to this 
radical approach to the design process, 
DaRPa also wanted to go much further 
in what it described as ‘opening the 
aperture for innovation.’ Rather than 
restrict itself to the innovative capacity 
of a small number of major defence 
contractors, the agency wished to 
assess the potential of harnessing the 
skills and inspiration of a much wider 
community of interest across the entire 
united States.

The result was the DaRPa Fang 
(Fast, adaptable, next-generation 
ground vehicle) Challenge, a $1-million 
prize competition open to the u.S. 
public to design a next-generation 
military vehicle utilizing the tools and 
processes developed by the agency and 
its partners. as a part of this endeavour, 
Ricardo was contracted to administer 
the Challenge competition, co-
ordinating the efforts of a wide range of 
partner organizations.

design libraries, the building 
blocks of simulation
Ricardo’s first contract in preparation 
for the Fang challenge – in January 
2012 – was in the preparation of the 
Component, Context and Manufacturing 
Model Libraries (C2M2L) on which 
the design process would be based. 

The component model library would 
comprise the building blocks of vehicle 
design, starting with powertrain and 
mobility models. Component models 
needed to include both generic and 
extremely high-fidelity representations. 
For example, an engine ‘component 
class’ model would give a broad 
representation of a generic engine, 
whereas detailed models needed to be 
created of all of the candidate engines 
within the marketplace from which 
the vehicle’s intended power unit could 
be chosen. To accomplish this goal, 
Ricardo carried out an in-depth market 
survey of available engines, including 
every available attribute of relevance to 
the design process.

setting the challenge
The chosen focus for the 
demonstration of the DaRPa Fang 
challenge was an amphibious Infantry 
Fighting Vehicle (IFV) intended for use 
by the u.S. Marine Corps Expeditionary 
Forces (MEF). In administering the first 
Fang challenge, a key imperative for 
Ricardo and its partners on the project 
was to communicate the existence 
of the Challenge in order to ensure 
the widest possible participation of 
suitably qualified teams and individuals 
– a fundamental requirement of the 
prize-challenge approach to capture 
innovation.

The results of the outreach efforts 
were apparent in the very broad range 
of media that picked up on the story, 
ranging from mainstream channels 
including the Wall Street Journal and 
Fox news, to more technology-focused 
media outlets such as gizmag and 
Wired. Together with social media 
initiatives, this publicity resulted 
in 1,060 registrations of interest 
in the first Fang challenge by late 
2012. Ricardo set a training and 
pre-screening challenge in order to 
identify the teams having the most 
realistic chance of succeeding in the 
competition. Towards the end of the 
competition, 19 teams qualified to 
advance to the final competition, which 
ran from January to april 2013, with the 
$1 million prize awarded to a three-
person team with members in Ohio, 
Texas and California.

building the FAnG
Ricardo refined the design data package 
from the winning team in order to 
create a technical data package with 
sufficient detail such that it could be 
constructed. This package included over 
2300 unique components, including all 
of the necessary detailed dimensions 
and tolerances. The Fang vehicle was 
built by the DaRPa iFaB team (Instant 
Foundry adaptive through Bits), itself led 
by the applied Research Laboratory at 

“with public competitions increasingly being 
recognized as a valuable tool in capturing innovation 
from the widest possible community of interest, 
Ricardo is developing a reputation as an expert 
administrator of such competitions” 
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and Renewable Energy to administer 
a crowdsourcing initiative – currently 
in progress – in the renewable energy 
sector, in the form of the Wave Energy 
Converter (WEC) prize challenge. 

The views, opinions, and/or findings contained 
in this article/presentation are those of the 
author(s) and should not be interpreted as 
representing the official views or policies of the 
Department of Defense or the U.S. Government. 
Approved for Public Release, Distribution 
Unlimited.

from the widest possible community 
of interest, Ricardo is developing a 
reputation as an expert administrator 
of such competitions. as the DaRPa 
Fang Challenge illustrated, preparation 
and professionalism are crucial to the 
success of such endeavours. It was not 
least due to the success of the DaRPa 
Fang project that Ricardo was selected 
in late 2014 by the u.S. Department of 
Energy (DOE) Office of Energy Efficiency 

Penn State university. DaRPa’s iFaB 
vision is to move away from wrapping 
a capital-intensive manufacturing 
facility around a single product, and 
towards the creation of a flexible, 
programmable, potentially distributed 
network of manufacturing facilities 
capable of accommodating a wide 
range of systems and system variants 
with extremely rapid reconfiguration 
timescales.

validation through 
testing
With both a powertrain buck and 
the full prototype vehicle delivered 
by February 2014, simulation 
and dynamometer testing of the 
powertrain was carried out by 
Ricardo to validate the design 
parameters, including maximum 
speed, power, torque, grade 
performance, and fuel economy. 
This was followed by shake-down 
testing of the vehicle and then by 
a comprehensive range of overall 
performance testing at the Camp 
grayling, Michigan military base.

The Fang challenge successfully 
demonstrated a range of radical 
alternatives to the conventional 
process of defence vehicle design and 
development. With public competitions 
increasingly being recognized as a 
valuable tool in capturing innovation 

 RQ • Q3 • 2015  13

Innovation & ideas



When the F-TYPE Jaguar was launched in 
2013 it was more than just another sports 
car. With its beautiful cab-rearward 
design, short rear overhang and a bonnet 
that, from the driver’s seat, seems to 
stretch to infinity, the F-TYPE is the most 
advanced and potent road-going Jaguar 
the company has ever produced.

So great has been the F-TYPE’s impact 
that for the 2016 model year, Jaguar 
planned to introduce some additional 
options over and above the usual detail 
changes that go with model-year 
upgrades. In fact, the initiative would 

expand the range from six models to 14. 
among those would be two quite radical 
new versions. One would be a six-speed 
manual transmission option on rear-wheel 
drive V6 supercharged models and the 
other, with more complex implications in 
terms of engineering, was to introduce 
all-wheel drive (aWD). 

Agility, handling, traction 
The plan was to offer torque-on-
demand all-wheel drive versions 
of the 550 PS F-TYPE R Coupe 
and Convertible and the 380 PS V6 

F-TypeThe F-TYPE is the most potent road-going sports car Jaguar 
has ever made, and was met by rapturous applause from 

the press and customers alike. Not surprisingly, then, Jaguar 
quickly decided to expand the range – with a little  

help from Ricardo. Jesse Crosse reports. 

all-wheel
drive for the
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F-TYPE S Coupé and Convertible. The 
underlying development philosophy 
was to maintain the inherent agility and 
precision of the F-TYPE’s rear-wheel 
drive character while delivering traction 
on the limit and handling benefits that 
a torque-on-demand all-wheel drive 
system gives.

“Our target with engineering the 
all-wheel drive F-TYPE was to maintain 
that engaging rear-drive character 
that’s so important to Jaguar sports 
car Dna, yet offer even greater dynamic 
capability,” says Ian Hoban, Jaguar 

vehicle line director. “The result is a 
controllable, exploitable and blisteringly 
fast performance car in all weather and 
road conditions.”

The choice of Ricardo as an 
engineering partner was a logical one as 
it had already played a significant role 
in engineering all-wheel drive variants 
of the XJ and XF sedans for the 2013 
model year. Producing an all-wheel drive 
F-TYPE would if anything pose an even 
greater challenge than in the sedans: 
given the sports car’s extremely low 
stance and trim compact lines there 

would be little opportunity to grow the 
envelope in order to accommodate the 
extra hardware. 

at this point it is worth considering 
the magnitude of the task facing the 
engineering teams at Jaguar and 
Ricardo in producing an all-wheel 
drive derivative. On the face of it, the 
instruction to ‘produce an all-wheel 
drive version,’ sounds simple but in 
reality, it is anything but. The F-TYPE 
configuration is front engine, rear-wheel 
drive. To produce an all-wheel drive 
version would mean adding a transfer 

F-Type
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box to take the drive forward to the 
front axle.

The move to aWD would mean adding 
a differential and driveshafts to the 
front axle where previously there were 
none, and one of those driveshafts could 
pass below the engine. The additional 
challenge would be to maintain 
satisfactory weight distribution.

“We used our simulation expertise 
here, reducing the actual weight 
increase to below the targets set for 
the project,” explains Ricardo chief 
engineer, Steve Pendrey. “The ride 
height could not be raised as that 
would have a detrimental effect not 
just on the F-TYPE’s dynamics, but the 
visual effect would impact adversely 
on its design and would also increase 
aerodynamic drag.”

Attribute engineering 
Such a radical change to such a radical 
car would have far-reaching implications 
touching many other critical areas. 
Jaguar cars are engineered using 
the attribute system, each vehicle 
attribute being individually defined 
so that development teams can be 
sure that what emerges at the end 
of a development programme is a 
true Jaguar. That is why, when driving 
different Jaguar models they all exude a 
similar, unmistakeable Jaguar character, 
or Jaguar Dna.

Indeed, says Pendrey, this would be 
attribute-focused design engineering: 
“neither the design attribute, nor the 
vehicle dynamics or noise vibration 
and harshness attributes could be 
compromised. We needed to go into an 

exceptional amount of detail to satisfy 
the core team at Jaguar and we had to 
deliver the result with the minimum of 
intervention and support.”

adding all-wheel drive to a car that 
was originally engineered as a rear-
wheel drive automatic has a major 
impact on many of those attributes. at 
the top of the list is vehicle dynamics. 

adding a driven front axle could not 
fail to have an impact on this critical 
attribute, one that arguably above all 
others gives a Jaguar the sporting 
character which can be traced right 
back to the E-Type and even earlier.

a modern Jaguar’s Dna is made up 
of much more than fine performance, 
handling and roadholding; it includes 

the number one  
priority in developing 
the Awd F-tyPE (right) 
was to deliver the 
all-weather traction 
without compromising 
its Jaguar brand 
attributes, most 
notably the model’s 
sports car handling
dynamics
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premium levels of refinement and 
ride quality too. as well as physically 
accommodating the fresh set of 
mechanical components within 
an existing envelope, a change of 
driveline would involve protecting 
that all-important noise, vibration 
and harshness (nVH) attribute 
as well as the vehicle dynamics 
and performance, economy and 
driveability attributes. These are 
all key elements of the F-TYPE’s 
character and no compromise would 
be acceptable on any of them. 

Engineering hard points  
It became clear that some suspension 
hard points (the points where the 
suspension components connect to 
the chassis) would have to be moved 
and that in turn would necessitate CaE 
work to ensure that the existing vehicle 
dynamics and, most importantly, the 
handling and steering feel of the rear-
wheel drive car were not compromised. 
From a customer’s point of view, the 

revised all-wheel drive F-TYPE would 
need to feel at least as good as – if 
not better than – the original from the 
driving seat.

One of the biggest packaging 
challenges would be to introduce the 
front differential and driveshafts, and 
to achieve this an all-new aluminium 
subframe was designed, along with 
new front knuckles through which the 
driveshafts would pass; new lower 
arms would also be required. The new 
subframe would raise the height of the 
engine in the car slightly to allow the 
right-hand driveshaft to pass below 
it. Despite the mechanical changes, 
the vehicle dynamics attribute of 
the rear-wheel drive car was closely 
maintained. With revisions to the front 
suspension and the introduction of 
driveshafts, such basic things as the 
turning circle would also become a 
consideration, as would wheel and tyre 
envelopes.

The changes impacted on the 
overall engine installation and so 

cooling, air-conditioning, air intakes, 
cooling hoses and fuel lines all needed 
revising to suit the new package. Care 
had to be taken that any changes 
would not adversely affect crash 
performance as re-engineering front 
crash structures would be out of 
the question. an important aspect 
of pedestrian safety on any car, 
however, is the clearance between the 
bonnet and any hard points below it to 
mitigate pedestrian injury in the event 
of a collision.

Because the engine had been 
raised slightly, the clearance had 
to be restored and to achieve this, 
Jaguar designed a new bonnet with an 
increase in the size of the power-bulge 
especially for the aWD derivative. 
Below that, the engine cover was 
also redesigned to ensure maximum 
clearance. The final job at the front 
of the car was to rework the exhaust 
manifold to ensure the necessary 
clearance between it and the new 
driveline. 

Intelligent driveline 
dynamics  
Further along the car, the ZF-supplied 
eight-speed ‘Quickshift’ automatic 
transmission is fitted with a transfer 
case to transmit drive from the rear 
of the transmission to the front 

“Our target with engineering the all-wheel drive F-TYPE was 
to maintain that engaging rear-drive character that’s so 
important to Jaguar sports car DNA, yet offer even greater 
dynamic capability” Ian Hoban, Jaguar vehicle line director
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differential. Slight changes were made 
by Jaguar engineers to the transmission 
tunnel to accommodate this. The 
transfer case includes a wet, multi-
plate clutch pack to control the torque 
split between front and rear axles, the 
split being controlled by a new software 
control system developed in-house at 
Jaguar and called Intelligent Driveline 
Dynamics (IDD).

“What we require of our aWD system 
in F-TYPE is optimal traction in all 
weather conditions, but preserving the 
Jaguar Dna and sports car character – 
that means rear-drive feel and steering 
without any corruption. The key to this 
is Intelligent Driveline Dynamics,” says 
Russ Varney, Jaguar vehicle programme 
director. “IDD allows us to provide 
‘torque on demand’ – only delivering 
torque to the front wheels when it’s 
required to enhance traction. That 
means we get great steering precision 
and the efficiency of a rear-drive car, 
but with additional traction via the front 
wheels precisely delivered to match the 
driver’s demand, the road surface and 
the driving situation.” 

During normal driving, 100 percent 
is directed to the rear axle. When 
required, torque is smoothly and 
progressively apportioned to the front 
axle in a few milliseconds. as well as 
front-rear torque split via the transfer 

case, IDD manages the interaction of 
the rear electronic active differential 
(EaD) of the V8, torque vectoring by 
braking (TVbB) and Dynamic Stability 
Control (DSC) to maintain stability. 
The interactive control of TVbB and 
the transfer case means that torque 
transfer can be managed from both 
front to rear of the car and across the 
axles. Torque management of this 
type can be used to reduce unwanted 
degrees of understeer or oversteer to 
maintain stability in all conditions.

algorithms within the IDD 
controller continuously estimate road 
surface friction. The controller uses 
measurements from yaw rate, steering 

wheel angle, wheel speed, lateral and 
longitudinal acceleration sensors. It 
also takes into account the Driving 
Dynamics mode selected by the driver.

IDD creates a more significant 
differentiation between normal, 
Rain/ice/snow and Dynamic modes, 
especially if DSC is switched off. 
With Rain/ice/snow selected, 
IDD emphasises all-wheel drive 
characteristics compared to normal 
mode, while Dynamic mode delivers 
characteristics more closely aligned 
with those of a rear-wheel drive car. 
Because the system constantly 
updates its estimate of available grip, 
IDD always selects the most suitable 
setting for any surface condition.

demonstrator proves  
the point  
an all-wheel drive demonstrator 
incorporating all of the changes was 
built by Ricardo to allow Jaguar to 
make a proper assessment of the car’s 
dynamic qualities. “although our analysis 
demonstrated the all-wheel drive 
concept would be successful and meet 
the dynamic targets, because of the 
importance of vehicle dynamics in this 
case, Jaguar understandably asked that 
a demonstrator be produced to make a 
full assessment,” recalls Pendrey.

The demonstrator would also give 
the Jaguar vehicle dynamics team the 
opportunity to fine tune the suspension 
settings to achieve the precise handling 
and steering feel they required and 
ensure that those vital attributes were 
aligned with the original rear-wheel 
drive design.

The attention to detail proved a 
great success, with the weight balance 
moving forwards by only 1.2 percentage 
points compared to the rear-wheel drive 
F-TYPE. The Jaguar vehicle engineering 
team revised the setup of the chassis 
to fine tune the F-TYPE aWD’s vehicle 
dynamics attribute, re-calibrating the 
Continuously Variable Damping (CVD) 
and stiffening the suspension coil 
springs by 10 percent. Front control arm 
bushes are stiffer too, further improving 
steering response and on-centre feel.

The work was delivered on time and 
the depth of thinking and diligence 
paid off once again. However skilled 
an engineering team might be – and 
the Jaguar engineering team is most 
certainly that – a fresh set of eyes on 
a project can often pay dividends. The 
F-TYPE aWD has been extremely well 
received and the project is yet another 
example of the successful meeting 
of minds that the Jaguar and Ricardo 
engineering teams enjoy.  

“What we require of our AWD system in F-TYPE is optimal 
traction in all weather conditions, but preserving the Jaguar 
DNA and sports car character –that means rear-drive 
feel and steering without any corruption. The key to this is 
Intelligent Driveline Dynamics”  
Russ Varney, Jaguar vehicle programme director

Jaguar F-TYPE aWD

the Awd driveline is 
available on the F-tyPE 
Coupé and Convertible
with either the 550 Ps 
v8 or  380 Ps v6 power 
units. selection of 
dynamic mode 
delivers dynamic 
characteristics closely 
aligned with those of 
the rear-wheel drive 
version
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Emissions research

statement
EMIssIons
The Vehicle Emissions Research Centre, a facility that will revolutionize future testing 
at Ricardo, formally opened its doors in July and is already proving a highly successful 
investment for Ricardo and its clients. John Challen takes a tour of the new facility

The construction of Ricardo’s most 
advanced test facility – the Vehicle 
Emissions Research Centre (VERC) – 
represents a huge step forward for the 
company on many different levels. The 
centre has been purpose-designed 
to accommodate the development 
requirements of the next generation 
of more environmentally friendly and 
increasingly fuel-efficient road-
going vehicles, positioning Ricardo at 
the core of future advanced vehicle 

engineering work.
The VERC has been configured to allow 

for maximum flexibility and efficiency 
of operation. It has been designed from 
first principles around the requirements 
of advanced testing and the through-
flow of vehicles, including generous heat 
soak and preparation areas; this means 
that it is not just one of the world’s most 
rigorous vehicle test environments but 
also amongst the most operationally 
efficient.



 a key aspect of the facility is that it 
was designed from the inside out: from 
the starting point of the chassis dyno, 
the dimensions, the requirements and 
the layout of all of the different areas 
of the building were determined. It is 
also future-proofed, with generous 
space allocated for plant and equipment 
upgrades, and a second test cell ready to 
be commissioned when the need arises.

 The VERC has also been prepared for 
life well beyond Euro 6. not that it will 
cater purely for the demands of Europe 
– the layout allows for projects hailing 
from different global markets to run 
alongside each other, maximizing the 
efficiency of the site along the way. With 
emissions standards continuously driving 
the need for cleaner engines, OEMs are 
under pressure to deliver – and the VERC 
will provide the ideal location for them to 
evaluate and to reach their targets.

testing focus
“The dyno is the core of the facility, so 
from there, we knew how much space 
would be needed to accommodate the 
fan, the motorcycle dyno and all of the 
other spaces and equipment,” explains 
Richard Murphy, Ricardo head of testing, 
and the man who has led the project from 
the days of the first feasibility studies. 
“The whole vision was to make sure the 
facility wasn’t just state-of-the-art 
now, but also that we were covering 
ourselves for anything else that would be 
on the horizon with regards to emissions 
testing.”

 “We know we are covered for the 
next 15 years in terms of current and 
proposed legislation,” adds Murphy. 
“The current site is declared a Euro 6/ 
WLTP facility, but to do development 
to that level, you want to be able to 
measure far more accurately than 
that level of emissions. You need to be 
able to measure tenths of a percent, 
because you need to find every little bit of 
emissions saving.”

 What is set to happen with 
forthcoming emissions regulations with 
the likes of CO, nOx and HC is not yet 
fully confirmed, but the limits are likely 
to be further tightened and made more 
relevant to real-world driving, while the 
scope of the pollutants controlled is likely 
to be broadened.

 “We know that we will need to do 
something with nO2, which will be 
measured as a separate species rather 
than present arrangements where it is 
grouped and reported as a single nOx 
measurement – and there are also lots 
of other pollutants that are coming our 
way,” explains Jon andersson, manager 
of aftertreatment and chemical analyses 

at Ricardo. “We’re going to have to 
measure ethanol within the exhaust 
stream of SI (spark ignition) powertrains. 
For diesel vehicles we will have to look at 
ammonia resulting from SCR slippage, 
and we will need to understand how 
this relates to what is happening in the 
aftertreatment system in order to be 
able to control this emission. For both 
gasoline and diesel vehicles we will also 
need to sample and measure aldehydes. 
Within VERC, engineers will have a suite 
of analyzers to sample raw emissions 
from several locations simultaneously, as 
well as monitor tailpipe emissions from 
the dilution tunnel – something that was 
not possible previously.”

Construction timeline
The beginnings of the new test facility 
can be traced back to 2010, but it was 
in 2011 and 2012 that the hard work 
started, with two feasibility studies being 
carried out for a possible VERC. “We 
had two studies because we wanted 
to get as many ideas as we could, and 
we also figured it would be a good 
negotiation lever to have to bidding 
parties at the table,” explains Murphy. 
“The two different partners were Horiba 
– who could provide the hardware and 
facilitise the building – and a competing 
project management specialist who 
was competent to deliver whatever we 
wanted. In the end, our experience with 
Horiba – and specifically its knowledge 
in this area of the market – helped make 
our decision.

 The potential of the VERC project to 
create and protect high quality jobs was 
a key feature in the scheme’s success 
in attracting official Regional growth 
Fund support. The project would lead to 
a total of 56 jobs being created from its 
opening until at least 2020, as well as 
220 protected positions. “We received 
confirmation of the grant award in 
October 2012,” explains Murphy, “and 
we then placed an order for the facility in 
early 2013, with work starting on site in 
June of that year.”

 The plan was always for the centre to 
start its commissioning phase in January 
2015, and while the natural plan had the 
job finishing later, Murphy and his team 
were able to save two and a half months. 
In line with the aggressive schedule they 
set themselves, they managed to achieve 
this goal.

Apprentice applications
The creation of VERC has meant more 
apprentices joining the company, a trend 
which is set to continue. Typically Ricardo 
takes on up to three apprentices into 
testing every year – but this year it took 
on six, five of whom will get to spend 
a rotation in the VERC. all will be fully 
trained, together with an extra graduate 
position also justified by the new VERC, in 
addition to the core team that is set aside 
to run it. These new recruits are working 
in a facility that enables productivity 
increases in the range of 20 to 25 
percent compared to Ricardo’s previous 
emissions laboratory.

Leading premium 
automakers
are already making 
extensive use of the 
new facilities, with 
a new transit space 
between the heat 
soak areas and 
the test chamber 
allowing more 
vehicles to be 
processed each day

Emissions research
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 “Fundamentally, having a better layout, 
everything in-house, and the optimized 
soak setup, we believe we can get in 
an extra test per shift,” states Murphy. 
“Those factors would account for a 
15 percent increase, and the other 10 
percent is thanks to not losing the 2-3 
hours in the facility while waiting for the 
required temperatures for testing.”

 The demand for the services of the 
VERC is demonstrated by the fact that 
despite the increased capacity arising 
from this better efficiency, the company 
is already in the process of implementing 
a triple shift.

bespoke system design
The automation system that Ricardo 
has put into the facility allows the 
company to have a much greater level of 
independence and in-house knowledge. 
For clients this system is a key selling 
point, which adds to the level of high 
quality and repeatable results. If there is 
one element that runs through the whole 
design philosophy, even down to the front 
of house and sitting in a nice environment 
rather than in a small office, it is the over-
riding level of quality.

“We wanted to be able to offer 
whatever the next stage of legislation 
will demand, even before it has been 
established,” explains andersson. “The 
facility is testament to a lot of time and 
effort from experts who have come 

together and made all this possible - 
and that is what makes it special. We 
spent a lot of time planning and thinking 
ahead, and it was important that our 
chassis dyno wasn’t just another one off 
the production line – ours had Ricardo 
input and we drove the specification in 
detail and then leveraged expertise from 
those in the plant works field to achieve 
what we wanted. This level of detail even 
includes choosing the specific type of 
wood that is the most structurally sound 
and thermally efficient.”

Climatic capability
The new VERC facility is capable of 
carrying out climate-controlled tests 
with a temperature range of -30° to +55° 
Celsius and with humidity regulation. 
Configured for 4WD powertrains of up 
to 300 kW and capable of simulated 
road speeds up to 250 km/h, it is 
capable of testing anything from the 
smallest passenger cars to light trucks 
of up to 3 tonnes, including advanced 
technology hybrid electric vehicles and 
their associated energy regeneration 
systems and stop/start operation. For 
such electrified powertrain applications 
the VERC is also able to measure battery 
state of charge in addition to vehicle 
emissions – an important consideration 
for hybrids and today’s increasingly 
popular plug-in hybrid vehicles.

The VERC’s exhaust emissions 

measurement systems are capable of 
supporting engineering projects to the 
regulatory standards applied in all parts 
of the world, up to and including the 
very highest Euro 6/ World Light-duty 
Test Procedure (WLTP) and uS SuLEV 
standards. a novel feature in this respect 
is the provision of triple Constant Volume 
Sampler (CVS) tunnels; typically, facilities 
of this type have separate CVS tunnels 
for gasoline and diesel projects, but 
the VERC additionally has a third tunnel 
exclusively for the very lowest SuLEV 
emissions projects.

 The facility has been designed to 
meet all the demanding requirements 
for the measurement of regulated 
emissions and the development of 
advanced aftertreatment. State-
of-the-art gas analysers enable the 
real-time measurement of CO, HC, O2 
and nOx, plus both EgR and exhaust 
CO2, whilst specialist approaches for 
nOx speciation (FTIR) and detailed 
particle properties (mass, number, 
size) are included in the fully integrated 
emissions measurement capability. 
The vehicle soak space has been 
constructed as a series of independent 
climatic zones to ensure sub-zero 
soaked vehicles are maintained at their 
target temperature throughout their 
transition to the test cell; the space also 
includes two integrated cold boxes with 
separate climate control.

”the current site is declared a Euro 6/ wLtP facility, but to  
do development to that level, you want to be able to 

measure far more accurately than that level of emissions. 
you need to be able to measure tenths of a percent, because 

you need to find every little bit of emissions saving” 
Richard Murphy, head of testing, Ricardo
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vehicle soak
The new facility’s soak area has been 
designed to cater for long-wheelbase 
and commercial vehicles, should the 
demand arise. a transit space between 
soak testing and the test chamber can 
be kept at a constant temperature to aid 
test repeatability. “If you are doing a -7° 
Celsius test, you want to chill the vehicle, 
test it, and keep it at that temperature,” 
says Murphy. “In the old facility the -7° 
was down one end of the building, so if it 
was a hot 25° C day, you’d then have to 

take the vehicle outside and subject it to 
those conditions and suffer with misting 
and condensation on the test car. The 
layout we have now effectively creates 
an airlock. You can have a vehicle waiting 
in one area at -7° C, you perform a 25° C 
test on another car, then close the door, 
chill the area to -7° C and then take the 
first vehicle through into the cell, which 
has already been chilled to -7° C. The 
aim is to not allow the -7° C and 25° C 
to mix.”

To make this work in the best possible 
way, VERC has four climatic soak areas 
– including two cells suitable for large 
vehicles, and two other spaces. Both the 
boxes can reach temperatures as low as 
-30° C, while one of them can go up to 
55° C. “We will be able to cater to a larger 
number of customers – sometimes 
at very short notice – with the 

facility able to switch from 25° to 
sub-zero in 40 minutes, which is not far 
off the time it takes to get one vehicle 
out, prepare the next one, and get that 
vehicle strapped in,” Murphy adds.

Protecting for future needs
The design of the VERC has been future-
proofed both in terms of its ability to 
be configured for anticipated future 
regulatory and development needs 
including the accurate reproduction of 
real driving emissions (RDE) cycles on the 
chassis dyno as well as being extendable 
to provide further additional capacity. all 
of the civil engineering works necessary 
to provide a second test chamber have 
already been completed as part of the 
initial development, so that fit-out could 
be completed rapidly if Ricardo requires 
this additional capacity. Similarly, the 

“the facility is testament to a lot of time and effort  
from experts who have come together and made all  

this possible - and that is what makes it special” 
Jon andersson, manager of  

aftertreatment and chemical analyses, Ricardo
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design of all the plant installations is 
such that a generous amount of space 
is provided for additional systems to be 
installed or for equipment to be replaced, 
with minimal disruption to the ongoing 
work of the VERC.

Elsewhere in the facility, attention 
has been paid to the process of particle 
mass weighing on paper filters. “In the 
old site you had to go outside to the 
weighing facility, then come back and 
do the test, then go and weigh it again,” 
recalls Murphy. “It was not an efficient 

use of manpower, nor was it good for the 
accuracy of the results. What we’ve done 
is invest in a standalone weigh chamber 
just for VERC – even though we’ve got 
another one on site for the testbeds and 
heavy-duty diesels. We wanted to ensure 
that the facility was fully equipped – you 
could close and lock every door, and you 
still have everything you need to just keep 
testing, without having to go outside.” 

 all this adds up to a remarkable 
facility and, unsurprisingly, there is a 
lot of demand from a wide range of 

customers. although it has only recently 
been commissioned, the VERC is already 
operating at close to its initial design 
capacity. “This rapid success has 
been due not least to the fact that the 
facility was designed first and foremost 
around the requirements of advanced 
testing,” concludes Murphy. “With the 
scalability and future proofing that we 
have incorporated in the VERC from the 
very outset, this is an investment that 
will be of significant value to Ricardo 
customers for many years to come.” 

Future proof: the 
design of the vERC 
has been configured
to anticipate future 
regulatory and 
vehicle development 
needs, including the 
measurement of
minute particle 
weights
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RICARdo news

Ricardo has unveiled an innovative rear 
drive unit based on a range of state-of-
the-art technologies, which delivers a 
product 25 percent lighter than current 
production models.

The unit – a product of the ultra-
Lightweight Transmission and driveline 
research project (uLTRan) – was shown 
for the first time at the Cenex Low Carbon 
Vehicle (LCV 2015) event in September.

The uLTRan research project is focused 
on accelerating cost-effective lightweight 
drivetrain technologies in order to reduce 
the powertrain weight of future vehicles, 
thus improving performance and reducing 
emissions. Led by Jaguar Land Rover, 
the project consortium includes Ricardo, 

Tata Steel, Lubrizol, gRM Consulting Ltd, 
american axle & Manufacturing and the 
universities of Southampton, newcastle 
and Warwick – and is supported by 
Innovate uK.

uLTRan has developed, and is in the 
process of evaluating and demonstrating, 
a wide range of lightweight driveline 
technologies using the latest generation 
Range Rover as the baseline for the 
research. Ricardo contribution’s – the 
rear drive unit – is a clean-sheet design, 
based around a lightweight differential 
mounted within a compact, single-piece 
skeletal casing with tough, lightweight 
plastic covers. as well as being 25 percent 
lighter than current production, the unit 

is considerably more compact, allowing 
it to free up valuable package space. It 
is also stiffer, making for improved nVH 
performance.

While innovative in design, the low-
mass unit uses existing materials and 
manufacturing processes, and so has 
the potential to be applied in series 
production within three years. Ricardo 
has manufactured prototypes for both rig 
and vehicle-based testing and evaluation 
to confirm durability and the anticipated 
carbon dioxide impact. Other Ricardo 
activities on the uLTRan project have 
included further lightweight design and 
analysis studies on transmission, driveline 
and dual mass flywheel systems.

Ricardo unveils 
revolutionary 
ultra-lightweight  
rear drive unit

Latest developments from around the global 
Ricardo organization

Improved design processes for tidal turbines
The Tidal Turbine Powertrain Reliability Project (TiPTORs), led by the 
Offshore Renewable Energy (ORE) Catapult, has delivered a ‘Design 
for Reliability’ (DfR) methodology – providing a robust and systematic 
approach to the development of tidal turbine drivetrains.

The methodology, developed in partnership with Ricardo and DnV gL, allows 
designers to understand and control the factors influencing product reliability 
and hence operational performance, improving the detection of weak links at 
the design phase and significantly improving design optimization.

alongside the DfR methodology, specifications for both a reliability 
simulation tool and a component database have been produced in 
preparation for the next phase of the project, which will focus on 
accurately modelling components. The simulation tool will allow 
designers to ‘plug and play’ their designs, looking for weaknesses 
at a prototype development stage, enabling them to better predict 
reliability and degradation, and to pinpoint potential failure. This will be 
linked to a cost model that will enable the quantification of benefit to 
support the decision-making process.

Ricardo’s global market sector head for clean energy and power 

generation, Paul Jordan, commented “The application of these tools will 
represent a quantum change to existing design processes, providing 
turbine developers with greater confidence in achieving availability 
targets, significantly reducing the incidence of unplanned maintenance 
whilst accelerating design optimization.”
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new test environment for  
high-speed flywheels
the Ricardo-led ‘Flysafe’ research collaboration has 
delivered a highly innovative flywheel safety test 
environment to enable the development of next-
generation flywheel energy storage systems, with a 
strong focus on safety.

the project has involved a range of leading industrial 
and academic partners, including the university 
of brighton’s Centre for Automotive Engineering, 
where the new test environment – capable of testing 
flywheels spinning at up to 60,000 rev/min in a 
vacuum, using a system recording 20,000 images per 
second – is installed.

High-speed flywheel systems offer a highly 
practical and potentially cost-effective mechanical 
means of saving fuel and reducing carbon emissions 
through the mechanical storage and reuse of energy in 
applications such as regenerative braking.

the Flysafe research aims to provide best-practice 
design guidelines for the safety containment systems 
for high-speed flywheels, appropriate for their 
commercial mass-market deployment. A key output 
of the project will be a proposed bsI flywheel safety 
standard; as well as ensuring safety, this will promote 
a higher level of design optimization.

Ricardo Energy & Environment 
assists in worldwide emissions 
reduction initiative

driverless 
bus fleet for 
brussels 
airport

a joint team 
from Ricardo Rail 
and Ricardo’s 
automotive 
operations will 
provide specialist 
technical support 

for a new driverless bus system at 
Brussels airport.

The automated shuttle buses are 
expected to enter into service in 2018, 
using shared road space between the 
car parks, terminals, cargo loading areas 
and office areas within the airport.

Working with De Lijn, the Belgian 
public transport operator, and Brussels 
airport Company, the complementary 
expertise of the Ricardo rail and 
automotive teams will inform the 
procurement process for both bus 
fleet and control centre, including 
assessment of the vehicle safety and 
the management of tendering.

Ricardo congratulates  
Mahindra on launch of India’s  
first AMt-equipped suv
India’s leading suv manufacturer, Mahindra, has 
unveiled its much-awaited sports utility vehicle, the 
tuv300, featuring the first suv use of the advanced 
autosHIFt Automated Manual transmission (AMt) 
co-developed with Ricardo. Pictured at the launch of the 
Mahindra tuv300 are [L-R] Rajan wadhera, dr Pawan 
Goenka, Anand Mahindra and Pravin shah.

Ricardo Energy & Environment has been 
chosen to assist in a major city-focused 
emissions initiative, aimed at supporting 
efforts to mitigate climate change while 
minimizing the negative impact on 
businesses.

With the C40 Cities Climate 
Leadership group, which connects 
more than 75 of the world’s greatest 
cities, Ricardo Energy & Environment is 
supporting twelve worldwide mega-
cities in managing the reduction of their 
greenhouse gas emissions: amman, 
Buenos aires, Cape Town, Johannesburg, 
Lagos, Lima, Melbourne, Mexico City, Rio 
de Janeiro, Tokyo, Sydney and Yokohama.

In each case, Ricardo Energy & 

Environment will help the cities to 
develop emissions inventories that will 
calculate and report on the greenhouse 
gases they produce.

This work will help to define the 
cities’ environmental priorities, ensure 
compliance with national and international 
objectives, and provide a sound evidence 
base for policy interventions.

The project announcement comes in 
the buildup to the major international 
climate negotiations in Paris this 
December – talks that are tipped to have 
a strong city focus, with mayors and city 
leaders from around the world taking 
the opportunity to showcase innovative 
policy ideas and actions.
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Following its successful collaboration with Cascade 
Consulting under an Mou signed in February 2015, 
Ricardo announced its acquisition of this successful 
uK water industry consultancy in August.

Cascade Consulting specialises in environmental 
consultancy services for the uK water sector, based 
on strong relationships with the country’s water 
companies as well as with government departments 
and regulators. the company has particular expertise 
in the areas of water resource management, 
catchment management, water quality, water 
treatment, flooding and coastal management, and 
environmental impact assessment.

As a wholly owned acquisition of Ricardo plc, 
Cascade Consulting will become a new consultancy 
practice of Ricardo Energy & Environment.

Key water sector 
acquisition

Low carbon transportation award
Ricardo chief 
technology & innovation 
officer Professor 
neville Jackson was 
recognized at the 

annual Low Carbon Vehicle Partnership 
(LowCVP) Low Carbon Champions 
awards in September.

The awards – which celebrate 
achievement and innovation in low 
carbon road transport – were presented 
in association with Cenex, the uK’s centre 
of excellence for low carbon and fuel cell 
technologies. Timed to coincide with the 
LCV2015 event, the presentations were 
made at a packed gala dinner held close 

by in Milton Keynes.
Commenting on his award for 

‘Outstanding individual in promoting low 
carbon transport,’ Professor Jackson 
said: “I am deeply honoured to accept 
this award for the promotion of low 
carbon transportation, but I do so on 
behalf of my team at Ricardo who are 
committed to exploring new technology 
and innovation solutions to reducing the 
environmental impacts of energy and 
transport networks.”

With international regulations set to require unprecedented 
reductions in exterior noise while automakers strive to achieve 
the ideal sound character for their new products, Ricardo’s 
significant and timely upgrade of its Vehicle anechoic Test 
Facility (VaTF) at the Shoreham Technical Centre represents an 
important enhancement of the company’s refinement service 
and will expand the range of vehicles that can be tested.

The Ricardo VaTF has been the test bed for some of the most 
iconic vehicles engineered by Ricardo in support of its customers’ 
new vehicle programmes. Originally commissioned in 1993, 
the facility enables vehicles to be tested for their noise and 
vibration performance in a highly controlled environment, with full 
motoring and absorption via an integrated chassis dynamometer.

In the upgrade just completed, the VaTF has been installed 
with a new 344 kW chassis dynamometer, vastly expanding 
the range of vehicles that can be tested. In terms of control 
architecture, the system has been comprehensively upgraded 
with full transient and enhanced steady-state capabilities, 

allowing new drive cycles and control with road load simulation.  
In addition, the original anechoic cell ‘wedges’ have been 
completely stripped out and replaced with the latest Metadyne 
wedges, which are more durable and conform to the latest 
international standards.

“Vehicle refinement has never been more important than it is 
today,” commented Ricardo manager of nVH, Simon Tate. “The 
major international markets are facing unprecedented future 
requirements to make vehicles quieter in terms of exterior 
noise, while automakers are also perceiving the importance of 
the ‘right’ noise signature as a crucial driver for future sales.

“This is not just for niche, high performance vehicles, but 
increasingly for mainstream products aimed at differing local 
and regional international market tastes – and especially for 
alternative powertrain vehicles such as plug-in hybrids and 
electric vehicles.  The investment in this new facility will ensure 
that Ricardo is positioned to provide a world-class refinement 
service in the years ahead.”

Keeping quiet: Ricardo opens 
upgraded noise test facility 

Professor neville Jackson (centre)  
receives the award from Master of Ceremonies 
Robert Llewellyn (left) and Chairman of the 
LowCvP darren Messem (right)
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Delivering Excellence Through Innovation & Technology

RICARDO TRAINING

For more details, please contact: 
Glen Hall on +44 (0) 1273 794469 
or Donna Wild on +44 (0) 1273 794632
or email traininginfo@ricardo.com 

estore.ricardo.com

Testimonials 
“This course has provided a valuable detailed insight  into engine 
construction and market drivers. But more than that it was a 
thoroughly interesting  course at a world class organization”

“Excellent knowledge transfer from the enthusiastic  presenters at 
the cutting edge of their � eld”

TECHNICAL 
TRAINING BY 
ENGINEERING 
EXPERTS
Frequent courses o� ered in 
a wide range of disciplines

Available now: eLearning
Purchase Ricardo’s online Internal 
Combustion Engine Basics course today!

eSTORE
RICARDOKNOWLEDGE

Book your courses online at our new eStore.

Internal Combustion Engines - Basic
17 Nov 2015
Location: Ricardo Shoreham Technical Centre 
Price: £750 per person

Internal Combustion Engines - Advanced 
18-19 Nov 2015
Location: Ricardo Shoreham Technical Centre 
Price: £750 per person per day

Automated Transmissions
27-28 Jan 2016
Location: Ricardo Midlands Technical Centre
Price: £750 per person

Noise, Vibration & Harshness (NVH)
TBC - Contact us for details
Location: Ricardo Shoreham Technical Centre 
Price: £750 per person per day

Diesel & Gasoline Engine Calibration
13-14 Oct 2015
Location: Ricardo Shoreham Technical Centre 
Price: £750 per person per day

Why Hybrid? Market Drivers & 
Legislation Explained!
TBC - Contact us for details
Location: Ricardo AEA, Marble Arch, London
Price: £750 per person

Hybrid Electric Vehicle
17-18 Feb 2016
Location: Ricardo Cambridge Technical Centre
Price: £750 per person per day

Turbocharging & Boosting Systems
TBC - Contact us for details
Location: Ricardo Shoreham Technical Centre
Price: £750 per person per day
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www.ricardo.com/verc

Testing for Euro 6 and Beyond 
Ricardo’s new world-class Vehicle Emissions Research Centre (VERC) enables 
the development of the next generation of clean, low-carbon vehicles

• Climate-controlled vehicle tests, with humidity regulation
• Con� gured for 4WD powertrains of up to 300 kW
• Con� gured for testing the smallest passenger cars to light trucks 

of up to 3 tonnes
• Advanced testing technology for hybrid electric vehicles
• Triple Constant Volume Sampler (CVS) tunnels

• Fully compliant with global regulations to 2017, including Euro 6 
and Tier 3, and incorporating additional capabilities in anticipation 
of regulations to 2020 and beyond

• State-of-the-art gas analysers for real-time measurement of CO, 
HC, O2 and NOx plus both EGR and exhaust CO2

• Fully integrated measurement capability for NOx speciation (FTIR) 
and detailed particle properties (mass, number, size)

• Supporting analytical capabilities compliant with next-stage 
European legislation (WLTP), including carbonyls, alcohols and 
greenhouse gases


