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f Retail giant tests hybrid trucks
Wal-Mart’ is testing the efficiency 
of hybrid trucks in reducing the 
environmental footprint of the 
organisation, which operates 6500 
large trucks in the US alone. On trial, 
reports the FT, is a Class 8 truck with 
electric drive up to 40 mph.

Bike electric with Honda
Honda will bring a fully electric 
motorcycle to market by 2010, says 
CEO Takeo Fukui. Honda’s compact 
mopeds and scooters are top sellers; 
the electric moped has a 360Wh light 
nickel hydrogen battery and is powerful 
enough to climb a 12 degree incline.
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Hybrids, plug-ins, battery-electrics 
and flexible-fuel vehicles are 

being pushed into frontline duty as 
the Detroit Big Three execute a sharp 
U-turn in a bid to stay in business while 
car markets around the world collapse.

gM and Chrysler displayed an array 
of electric and low-emission vehicle 
projects in a bid to prove their future 
viability and secure funding from 
the US government. Ford, which is 
not in contention for state support, 

announced a broad-ranging 
programme of electrified 

vehicles, from the 2010 Ford Fusion 
and Mercury Milan hybrids to next-
generation hybrids in 2012, developed 
in conjunction with battery consortium 
Johnson Controls/Saft, and including a 
plug-in version. In 2010, said chairman 
Bill Ford, a pure-battery commercial 
vehicle would appear, followed by 
a small battery sedan in 2011, co-
developed with Magna. 

gM’s push is centred around the 
Voltec plug-in hybrid architecture 

that underpins the Volt, production 
versions of which were on show: 

the Volt is scheduled for 
volume manufacture late next 
year, with European versions, 
modelled on the Ampera 

shown at this year’s geneva 
show, due in 2011.

At Detroit gM’s veteran 
product chief, Bob lutz, 

also introduced the Cadillac 

Converj, an upscale four-seater coupé 
housing the same plug-in hybrid 
architecture. “It looks the part,” 
declared lutz, “but it doesn’t sound 
like a Cadillac – because it’s electric.”

News of the tie-up with Fiat came 
several days after Chrysler had 
unveiled its viability strategy at Detroit. 
Promising 24 new products in the next 
48 months and three further electric 
models in 2013, Chrysler appeared 
to be betting heavily on its ENVI 
technology for range-extended hybrid 
versions of its existing products. 

The Dodge Circuit, meanwhile, is 
a Tesla-style pure battery sports car, 
spun off the lotus Europa. Yet, as with 
its other proposals, Chrysler was short 
of detail on technology and dates.

Yet, with gasoline now back below $2 
a gallon, it remains to be seen just how 
many prospective US customers will be 
attracted to hybrids and battery electrics. 

Cambelt lasts lifetime of car
The new VW golf is fitted with 
a new type of timing belt, made 
by ContiTech, which lasts the 
life of the car – the first time this 
has been achieved on a diesel. 
The DieselRunner belt uses new, 
thinner cord types.

Battery alliances
gM announced at the Detroit show 
that it had selected Korea’s lg Chem 
to supply the lithium ion battery cells 
for the Volt plug-in hybrid, though the 
packs will be made by gM in the US. 
Ford’s allegiances are with Magna, 
for the small battery-powered sedan, 
South California Edison for hybrid 
models and American Electric Power 
for the PHEV charging infrastructure. 

lithium ion batteries will come from 
the Johnson Controls/Saft consortium.

Chrysler has yet to announce a 
supplier, while Toyota is firmly allied 
with Panasonic, which is seeking to 
take over Sanyo, itself a likely supplier 
to Volkswagen. Honda has recently 
struck a JV deal with Yuasa, which 
may also supply Mitsubishi and PSA; 
Nissan and Renault are committed to 
NEC and their AESC joint venture.

Shake-up in Detroit

GM product chief 
Bob Lutz introduces 
the Cadillac Converj 
electric coupé 
(right); Lincoln C 
concept (below) 
uses European 
platform

GM Volt batteries 
will be supplied by 
LG Chem
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Mazda catalyst saves metals
A 70 per cent reduction in precious 
metal content has been achieved in 
Mazda’s new single nano catalyst. 
The nano principle ensures individual 
precious metal particles, remain 
separate rather than fusing together, 
thus increasing their surface area.

Damper reduces diesel NVH
New shear plate technology 
developed by Trelleborg has been 
hailed by PSA as a revolution in 
reducing diesel noise. Trelleborg’s 
shear plate, has a layer of special 
rubber sandwiched between two 
layers of steel.

World’s most powerful truck
Volvo Truck Corp has launched the 
world’s most powerful truck. The 
new D16g engine, available in the 
F16 heavy truck, gives 700 hp and 
3150 Nm torque – the first time a 
production truck has exceeded 
700 hp.

Compact ABS for motorcycles
A new, more compact ABS system 
from Continental could boost bike 
safety. Already fitted to several 
Aprilia models, the new system 
weighs just 1.2 kg. One in five 
motorcycle accidents is caused by a 
locked front wheel, say experts.

The task of RQ is to highlight the latest thinking 
in automotive engineering and technology 
worldwide – both within Ricardo and among 
other leading companies. By presenting 
an up-to-date mix of news, profiles and 
interviews with top business leaders we paint 
an interesting and exciting picture of R&D 
activity at a world-class automotive engineering 
services provider. 
It is a formula that has certainly been a hit with 
the worldwide automotive community: in the 
eight years since RQ was launched we have 
had to increase our print run to 14,000 copies 
to keep pace with the demand to read about 
Ricardo and its activities. 
Client confidentiality is of the utmost 
importance to Ricardo, which means that 
we can only report on a small fraction of the 
work carried out by the company. So we are 
especially grateful to those Ricardo customers 
who have kindly agreed to co-operate with RQ 
and allow their programmes to be highlighted 
in print: without such help from customers 
it would not be possible to present such a 
fascinating insight into the way vehicles are 
conceived and developed.

RicaRdo 
QuaRteRly 
Review

Flexible platform

Renault unveils 
engine plans
In an unusual move, Renault has 
publicly revealed its powertrain 
strategy for the next three to four years. 

Electric powertrains between 50 
and 100 kW will power everything 
from small city cars to big vans and 
will appear in 2011: Renault intends to 
become the leader in battery vehicles. 

Euro 6 standards will mean costly 
aftertreatment systems for diesel 
engines, making downsized gasoline 
engines more attractive. From 2012 
modular three and four cylinder units 
from 0.9 to 1.2 litres will replace current 
1.2 to 1.6 litre engines; many will be 
turbocharged and with direct injection, 
while some will give over 115 hp and 
others emit less than 100 g/km CO2.

In-depth modifications to Renault’s 

best-selling engine, the 1.5 litre dCi 
diesel, will see its emissions drop 
by 25 g/km by 2011; this will be the 
main powerplant for Mégane-sized 
models and vans, while larger vans 
will downsize from 2.5 to 2.3 litres. In 
2012 a new-generation 2.0 dCi will be 
launched, while in 2010 the company 
will fit a new seven speed twin-clutch 
gearbox offering a 15 per cent fuel 
saving over conventional automatics.

Mercedes-Benz demonstrated the 
continued potential of its double-

floor small-car architecture with a set of 
three Detroit show concept cars using 
the same sandwich floor construction 
but with three different modular 
powertrains.

The BlueZERO F-CEll incorporates 
a direct hydrogen fuel cell powering 
the electric motor on the front axle 
and offers a range of 400 km, while 
the E-CEll version using lithium ion 

batteries gives a maximum range of 
200 km and can provide 50 km on just 
30 minutes of charge. In each case 
the batteries or the fuel cell stack and 
hydrogen cylinders are packaged in the 
floor space, leaving the whole vehicle 
length free for passengers.

The third version, the E-CEll PlUS, 
adds a range-extender motor in the 
shape of a three-cylinder Smart engine 
positioned between the rear wheels, 
again within the floor space; its range 
is 100 km on battery power alone, or 
600 km on gasoline.

The Toyota group presented two 
key new hybrid models: the third 
generation of the ubiquitous Prius, and 
the first dedicated hybrid from lexus, 
the HS 250h. 

The new Prius is a clear evolution 
of the old model ; a larger gasoline 
engine with more torque gives better 
performance and, thanks to lower rpm, 

better economy too. European versions 
are expected to significantly undercut 
the 100 g/km CO2 barrier and a plug-in 
version will be launched in the US in the 
final quarter of this year.

Toyota also showed a compact 
battery electric city car built on the 
same platform as the Japanese and 
European iQ: a production version is 
promised for 2012.

The lexus HS 250h, which is at 
present not destined for Europe, mates 
a 2.4 litre gasoline engine with a hybrid 
powertrain. No gasoline-only version 
will be offered. The HS is claimed to be 
the most fuel-efficient lexus to date.

Lexus HS 250h:  
first dedicated 
luxury hybrid

Mercedes BlueZERO F-CELL
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How did 2008 compare with 2007 for 
Rolls-Royce?
It was an absolute record year. We sold 
over 1200 cars; we had a 20 per cent 
increase over the previous year. This 
was our fifth straight year of increased 
sales, and we recorded sales increases 
in every major market area. And we 
benefited from the introduction of 
the Phantom Drophead Coupé in the 
summer of 2007 and the Phantom 
Coupé in the summer of last year.

If you hadn’t introduced those new 
models, would the picture have been 
very different?
With limited production it’s difficult to 
say absolutely how different it would 
have been. The models did contribute 
to the growth, but the Phantom in its 
saloon and extended wheelbase forms 
actually sold very much the same 
number of cars as it did the previous 
year. 

In which regions would you say there 
had been a softening of demand?
In the United States, definitely; in 
Asia-Pacific, definitely, too. Europe was 
quite reasonable because we had a 
record year in germany, a record year 
in Russia, we did reasonably well here 
[in the UK]; in the Middle East we grew, 
substantially. 

How does your order bank now  
stand, compared with the same point 
last year?
It’s clearly smaller than it was this 
time last year, and this is excluding 
any interest in our future new car – I’m 

just talking about the Phantom and its 
derivatives. But I would have to say 
that at this time last year we also had all 
the pent-up demand for the drop-head 
coupé.

So, in that sense, on a like-for-like 
basis, [it’s] not looking too worrying?
Do I sleep at night? The answer to 
that is we have a certain degree of 
insulation. [Among] our customers I’m 
not aware of a lack of interest or a desire 
to postpone that has much to do with 
money. It has much more to do with, ‘is 
this the right thing to do at this time?’. 
We have wonderfully loyal customers 
who make it very clear that for the most 
part they are very happy with their 
current car – and they’ll be back.

So they are delaying rather than 
cancelling?
That’s the way I would see it.

What’s different about this recession?
Two things, really. The fact that the 
economies of the world are joined up 
now. The hiccup in America seems 
to be a hiccup in Russia, seems to be 
a hiccup elsewhere. Russia is really 
struggling. China’s growth has shrunk 
really substantially. 

In the past, in other recessions, 
we have had markets that were still 
booming, where we might be able to 
export our way out, particularly where 
currencies are weak, like ours is at the 
moment. 

The other difference is that the 
[whole] banking system has been under 
enormous pressure – because that’s the 

plumbing, if you will, and always in the 
past we’ve had frozen pipes, problems 
with water pressure, whatever, but we 
haven’t had it where the actual system 
was broken. 

How does the banking crisis affect your 
customers? 
I know customers who have lost 
money in the Madoff thing. It has not 
affected their attitude towards Rolls-
Royce: they have not lost everything, 
or they have not lost to the point where 
they economically change their major 
decisions on houses or cars. We have 
a lot of customers who are bankers, 
so it does perhaps [affect] a few; but 
the main effect is on the whole of the 
economy in which we are operating 
– our confidence, everybody’s 
confidence, including our customers.

So it’s not that your customers can’t 
get hold of the finance to buy a car? 
No, it’s absolutely not. The availability 
of credit is important for the general car 
market, for dealers and vendors and 
so on; but for our customers it’s not an 
issue.

What are your expectations for this year?
To do better than last year. That’s 
an ambition. And I use that word 
deliberately. We have a plan, 
which regrettably I can’t divulge 
because it would be sensitive for the 
competition… but we have a plan to 
operate in a way which we think will 
meet the market demand and still give 
us the opportunity to continue with all 
the work we’re doing for the launch of 

Master craftsman
Having started his industry career as a Rolls-Royce apprentice 
in 1967, Tom Purves returned as CEO in 2008, a record year for 
the BMW-owned luxury carmaker. At the company’s goodwood 
headquarters Tony Lewin asked him about the recession, new 
technologies, customer tastes and the new smaller Rolls-Royce 
previewed by the 200EX geneva show concept car



RR4, our new smaller Rolls-Royce, and 
investment for the future.

You say, ‘do better than last year…’? 
If there’s any way that we can sell as 
many cars in 2009 as we did in 2008, 
we’ll try to do it. Will we build as many 
cars, in the light of less demand? No, 
we won’t. So that’s an ambition that will 
last until the middle of the year because, 
by the middle of the year, if the market 
doesn’t improve, we will automatically 
step back from that ambition. In 
January, never, never say die!

When do you begin production of the 
new smaller car, codenamed RR4?
By January 2010 we should start 
delivery of cars. We’ve done the 
manufacturing investment here and 
we’re doing it in Dingolfing at the 
moment, and we’re on plan – we’re 
actually in pretty good shape, and 
we’ve not pulled the plug on anything in 
relation to the RR4 or future planning.

Have you pulled the plug on anything 
at all? 
Nothing has been either frozen or 
deleted.

Has anything been slowed down?
We find ways and means of doing 
things less expensively. But actually, no, 
because slowing down doesn’t make 
any sense at all; if anything, we would 
want to speed up. Because also, even 
if times are really tough, if you’ve got 

new products, as we saw last year, it’s 
a help.

There must be massive interest in the 
RR4. Do you have any numbers on 
how many people have raised their 
hands to express interest?
Yes we do, but we don’t share that. 
We’re on plan: we know where we need 
to be, and we’re there. And we need to 
be better every month.

Do you think bringing out RR4 will 
bring the centre of gravity of Rolls-
Royce downwards slightly, to a less 
elevated position? Nearer to Bentley at 
around £120,000?
Fairly far away from that, actually. I 
would say to you that in pure technical 
terms the introduction of RR4 will 
certainly see a larger number of cars in 
the Rolls-Royce brand sold at slightly 
lower prices than the Phantom. But I 
don’t see that that is ‘bringing down 
the centre of gravity’… I don’t think it’s 
like that. And equally these cars are 
complementary: the Phantom is larger 
and has a higher price. But for many 

people it’s not something that’s on their 
horizon: the RR4, for many people will 
be on their horizon, and therefore its 
appeal is that the pinnacle is in a certain 
way a different kind of pinnacle. 

Do you expect the different regions 
to respond in different ways to the 
smaller car?
I do expect there to be a difference 
in market response: I do expect the 
United States and Europe to have an 
even greater resonance to the RR4 than 
Asia Pacific. I know from the customers 
we’ve shown the car to already, 
how much enthusiasm there is for it 
generally. 

Will the RR4 and Phantom overlap in 
price? You can put almost as much 
content into the RR4 as into the 
Phantom…
As list prices, they won’t. It is entirely 
possible that someone will order an 
RR4 to a specification that would be 
so bespoke that it would go beyond 
– that’s always possible. But as list 
prices, no.
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“We have a lot of customers who are 
bankers, so the crisis does perhaps affect a 
few; but the main effect is on the whole of the 
economy in which we are operating.”

The 200EX concept car displayed 
at Geneva show previews the new 
smaller Rolls-Royce set for launch 
next year. Its new V12 engine will 
see a step-change in technology, 
says CEO Tom Purves
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And will we have three different 
versions, as with the Phantom?
We’re proud to start with the sedan. 
I can confirm that at the moment we 
have no plans for other products but if 
you look at the history of the cars and 
you look at what we’ve done also with 
the Phantom it seems pretty logical 
to step beyond. There are no plans 
currently. A convertible Rolls-Royce is 
always an attractive product, there’s no 
question about that, and a coupé also in 
its own way. The convertible is the car 
that dreams are made of.

Still on RR4, will the build process be 
the same as with the Phantom, in that 
bodies in white might be shipped from 
Dingolfing?
Yes, the bodies in white will come from 
Dingolfing and they will go through the 
paintshop here and the assembly will 
be done in parallel with the Phantom, so 
we will have two lines. The process is 
similar but obviously different, because 
most of the components are different.

In terms of the technology content, 
could a Rolls-Royce ever be more 
advanced than a BMW? Is that a desire?

It has to be a Rolls-Royce, and Sir 
Henry Royce was an embracer of 
technology. In his day he would have 
embraced advanced technology; but 
he would not have embraced advanced 
technology for advanced technology’s 
sake. All technology must be related 
to the smooth functioning of the most 
wonderful car you could imagine. 

So, as with the Phantom, we’ve 
incorporated technology in the car, 
but in as user-friendly way as we 
know how. The same would apply 
to any Rolls-Royce. Now, if we and 
our engineers sitting down together 
realise there’s a change in environment, 
there’s a change in the world in which 
we’re operating, and actually there’s 
something we need to do in a different 
way, we would do it, so long as we were 
satisfied that we met the expectation 
of a Rolls-Royce for our customers. 
So, for example, our customers would 
not be too concerned about what is 
under the bonnet so long as it gave a 
performance and a smoothness they 
would expect. So in the context of 
technology we could adopt whatever 
technology seemed to be the right 
thing to do to achieve that. If oil ran out 

tomorrow, we could work with some 
other energy source.

What about diesel in the near term?
What I would also say is that we are in 
a real world, and we sell the majority 
of our cars in the United States, in the 
Middle East and in China. And if you look 
at those markets as examples, they are 
gasoline markets. It would be possible 
for us to develop a diesel engine which 
would work well in a Rolls-Royce if you 
could isolate it sufficiently to do its job, 
and its torque characteristics would in 
many ways make it very suitable. But 
we are selling the majority of our cars in 
non-diesel markets, so for us it doesn’t 
really make sense. In 20 years’ time, in 
diesel markets, it might make sense, but 
we have to find a balance about what’s 
logical. The customer does not buy a 
Rolls-Royce expecting it to be ultra- 
avant garde in terms of its technology. 
A customer buys a Rolls-Royce 
expecting it to be the finest car he 
can buy at that point in time; and 
‘finest’ is more the embodiment of the 
execution than it is the reflection of the 
advancement of its technology.

“Our customers would not be too 
concerned about what is under the 
bonnet so long as it gave a performance 
and a smoothness they would expect. If 
oil ran out tomorrow, we could work with 
some other energy source”
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Is something like hydrogen power or 
electric power possible?
Absolutely possible. I wouldn’t have 
any qualms about that if it made sense: 
with hydrogen, for example, our group 
has the technology well established. 

Bentley – a direct competitor – is going 
big on biofuels and is banking on these 
to clean up its image as a gas-guzzler 
with very obviously sporty, 200 mph 
cars. Do you see any need for Rolls-
Royce to promote a greener agenda?
We’re starting from different positions. 
I don’t think that we’re seen as the 
greenest car company, but I don’t 
think the public see us as being non-
green. And our car is 20 per cent more 
CO2 efficient than Bentley’s. I really 
admire what they’re doing and what 
they’ve done, but I would also say 
that they have aspirations that are 
different to ours in terms of scale and 
volume. Biofuels are probably the most 
straightforward way of improving the 
emissions of a large capacity engine, 
and that’s why the Americans are going 
so heavily down that route. We take 
the approach that the engines we are 
putting in our cars will be absolutely 
state-of-the-art in their combination of 
efficiency and performance.

Will we see a step change in engine 
technology with the RR4?
Yes, a step change; but it’s a different 
approach to the Phantom. It’s a new 
12-cylinder engine, not related to the 
Phantom engine.

Will this engine be seen in BMWs?
No. Indeed, 80 per cent of all the parts in 

this car are unique to that car.

What about components and 
subsystems that can be shared with 
BMW?
The 20 percent that’s not [unique to 
Rolls-Royce] comes from BMW’s 
technology, and utilises things like air 
conditioning, electronics and so forth 
in which there is highly substantial 
technological investment and where it 
doesn’t touch the customer other than 
in its function. The air coming through 
air outlets is the same, but the way we 
adjust the switchgear is different; so 
what’s behind the scenes in a certain 
way is shared. 

What particular price pressures are you 
under as a company, as Rolls-Royce? 
None.

I don’t mean price of the final product, 
but cost pressures in your purchasing 
and processes.
On cost pressures, I would like to think 
that you would find very little in the 
way of cost that is not directly related 
to the job we have in hand, here. We 
have fairly lean organisations. I firmly 
believe that in any organisation you 
have to have a sense of cost pressure: 
even if you think you’ve got to a certain 
point, the reality is that there is always 
something you can improve upon. 
And it’s very important that we do that, 
because I think the great danger is that 
when you’re dealing with an esoteric 
product, people can become [too] 
relaxed about cost. The fact that we 
don’t have price pressure means that 
the car has greater elasticity than most. 

This means there is a tendency to think, 
‘oh, we can afford that’ – and we have to 
manage that mentality.

In terms of your cost base, is that 
predominantly Euro?
Actually our cost-base is a mixture of 
Euros and pounds.

How does it split roughly?
I wouldn’t divulge that.

Overall, how profitable are you now? 
We’re profitable.

Clearly, you’re profitable on an operating 
level – but what about the picture in 
terms of capital costs, investment and 
financing and so on?
Obviously you’ve got long term 
investments that are important to the 
group, and we’re in satisfactory way of 
achieving our financial targets so that we 
can satisfy our shareholder. We are ahead 
of where we thought we would be. 

TOM PuRVES, CEO,  
ROLLS-ROYCE MOTOR CARS LTD
Scottish-born Purves joined Rolls-
Royce car division in 1967 as an 
apprentice engineer, taking on a 
succession of management roles 
before being appointed sales director 
of BMW (GB) in 1985. In 1989 he 
became managing director, moving 
to Rover following its purchase by 
BMW in 1996. Between 1999 and 
2008 he was responsible for BMW 
North America, returning to Rolls-
Royce as CEO in July 2008.



Hydrogen fuel future

10  RicaRdo QuaRteRly Review • Q1, 2009

Hydrogen 
the decision point approaches
long seen as the dream fuel to power a globally sustainable 
transport system, hydrogen still faces formidable obstacles on 
many fronts. Ricardo’s Nick Owen explains to Jesse Crosse how the 
now-fashionable plug-in hybrids could be the key move that helps 
hydrogen happen, and on pages 17 to 21 Anthony Smith talks to 
engineers from ExxonMobil and Ricardo who are developing next-
generation vehicle hydrogen reformer technology
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less than a decade ago, there was 
little or no public awareness of the 
negative environmental effects of 

carbon emissions or the need to reduce 
the use of – and ultimately move away 
from – fossil fuels. 

Today, however, it’s the issue that 
is on everyone’s lips: the debate is no 
longer confined to the environmental 
movement but has become a public 
talking point. This means that the 
pressure is on for policy makers to begin 
delivering more focused proposals for 
providing sustainable energy, not just 
for road transport but for the supply 
of domestic and industrial energy as 
well. And inevitably in any debate about 
energy, that dream zero-carbon fuel – 
hydrogen – is the central focus.

Hydrogen is still very much on the 
agenda as an energy carrier, along with 
electricity. But, says Ricardo project 
director for research and collaboration, 
Nick Owen, the time has finally come to 
recognise just how great some of the 
challenges to its widespread use really 
are. This view is informed not least by 
his role over the past three years as 
programme manager of the European 
Roads2HyCom project, a partnership 
of 29 organisations led by Ricardo, 
that has studied technical and socio-
economic issues associated with fuel 
cell and hydrogen technology across 

Europe. The most likely use of hydrogen 
is still in conjunction with fuel cells, he 
says, though fuel cells can also run via 
reformer technology on a number of 
different fuels, including gasoline. 

“Our view is that the fuel cell is a 
promising but challenging technology 
that certainly has a future, and 
probably in road transport too,” says 
Owen. Yet he points out that a lot of 
commonly held beliefs are now in 
question. “Although there has been a 
lot of progress in areas such as low- 
temperature operation, durability and 
cost, the industry is nowhere near ready 
to hit the go button when it comes to 
the profitable commercialisation of fuel 
cells for cars.”

Steady-state supply
Historically, fuel cells have always 
been good at delivering a steady 
supply of power and have undergone 
considerable development to allow them 
to emulate the transient capability of the 
automobile engine. Today, thinks Owen, 
economic factors make them more 
suitable for stationary applications: a 
fuel cell in a combined heat and power 
system tends to operate at constant 
power, whereas in a car it spends most 
of its life switched off or operated at 
part load. “Trying to replace a low-cost 
vehicle powerplant with something 

Hydrogen 
the decision point approaches



more efficient but more expensive, like 
a fuel cell, makes little economic sense 
when that vehicle spends most of its 
time shut down in a domestic garage or 
in the car-park at work.”

It is hardly surprising, then, that 
despite the best efforts of the 
automobile industry, it is the developers 
of stationary fuel cell systems who are 
now beginning to fulfil their commercial 
goals. Ricardo is aware that three 
fuel cell integrators have announced 
forward orders for tens of thousands 
of fuel cell systems in the stationary 
sector. Two of those are working in the 
domestic heat and power sector and the 
third is in telecoms. Together, they have 
orders for around 100,000 stationary 

fuel cell systems, which should be 
delivered in the next four years or so.

Cost per kilowatt is still one of 
the major barriers facing fuel cell 
producers, and this is a particular 
challenge in road transport applications. 
A domestic stationary fuel cell system 
typically produces heat and power for 
at least 50 per cent of the time, day 
and night. Not only is a fuel cell in a car 
doing nothing for most of the time, but 
while it is running its average output is 
likely to be 10 kW or 20 kW and not the 
80 kW maximum it needs to be capable 
of. This applies even in a hybridised 
application in which energy buffering 
can be used to manage and smooth out 
demand.

Economies of scale
The other major factor which 
automotive fuel cell developers are 
conjuring with is economy of scale. “At 
least 10 per cent of cars across the EU 
would need to be powered by fuel cells 
before economies of scale bring the 
cost down enough,” Owen calculates. 
“That’s 1.5 million fuel cell vehicles 
before they become profitable for the 
manufacturer and affordable for the 
user. It’s an enormous leap and a much 
greater volume step than the type of 
demonstration projects seen today – 
typically large city transport authorities 
buying or leasing limited fleets of fuel 
cell buses.”

Even after a decade on the market, 
hybrids still have not achieved this level 
of sales and the current players, says 
Owen, are “playing a long game”. With 
hybrids there are fewer technical issues 
than with fuel cells, which will also 
need a completely new fuel delivery 
infrastructure. “The frustrating thing 
is that if we could jump to the point 
where there are a larger number of 
these vehicles, while at the same time 
solving some of the technical hurdles, 
you could produce something that’s 
commercially successful. But for now, 
whoever does it first is going to have to 
sell at a loss for quite some time and it 
is likely to require a lot of government 
support in the form of subsidies.”

In addition to the technical issues 
and logistics of its delivery and storage, 
fuel purity is also a major issue. A 
salutary lesson was provided by the 
2007 accidental contamination of 
supermarket fuel in the UK which 
caused damage to the air fuel sensors 
of significant numbers of customer 
cars. A similar incident resulting in 
the supply of impure hydrogen could 
quite feasibly result in catastrophic 
damage to fuel cell stacks costing many 
thousands of dollars, rather than a 
cheap lambda sensor costing just a few 
cents.

The tank: a major hurdle
Perhaps the biggest technical hurdle 
is still the cost-effective production of 
hydrogen fuel tanks. Fuel cell stacks 
are beginning to mature. A passenger 
car with a life of 200,000 km needs 
a fuel cell life of 5000 hours, and 
manufacturers are now starting to 
achieve this. A combined heat and 
power stationary fuel cell with a life of 
10 years would need a fuel cell life of 
90,000 hours. Again, manufacturers 
expect to realise these targets during 
the next couple of years. 

The story is similar with regard to 
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OEM Technology Affiliations 
Latest 

prototypes Declared plans 

BMW

ICE, l H 2 ICE technology 
developed in-

house, fuel tank 
links to Magna 

Steyr

7-Series limited 
production bi-

fuel (2007) & H 2 
(2008); boosted 
test-bed engine 

giving 48 per cent 
efficiency (2006) 

Smaller, boosted 
engines in vehicles; 
combined pressure/

cryo storage; no 
dates announced 

Daimler
PEM, 700 bar Ballard; took 

over Automotive 
Operations in 

2007 with Ford 

B-series F-Cell 
(2008) 

B-series available 
to HyCom projects 
from 2010; product 

on sale target 
2012-15 

Fiat PEM, 350 bar Nuvera, Zero 
Regio project 

Panda Hydrogen 
Concept (2006) 

None specific 

Ford 

PEM & ICE, 
700 bar 

Ballard; took 
over Automotive 
Operations with 
Daimler in 2007; 
part own Mazda 
(Rotary H2 ICE) 

Edge HySeries 
plug-in FC-HEV 

(2007) 

ICE as bridge to fuel 
cell; FC products 

post 2015 

GM 
PEM, 700 bar Technology 

developed in-
house 

Chevy Equinox 
FC 

100 Equinox demo 
from 2008 in US; 

1000 vehicle trial in 
California 2012-2014 

Honda 

PEM, 700 bar Technology 
developed in-

house 

FCX Clarity 
(2007) 

leasing of Clarity 
in Tokyo & lA 

from 2008; Home 
refuelling; first 

general product 
circa 2018 

Nissan

PEM, 350 bar and 
700 bar 

FC technology 
developed in-

house. Batteries 
developed in 
collaboration 

with NEC 

X-Trail FCV limited numbers 
of FCVs leased to 

specific customers 

PSA 
PEM Inter-

changeable 
cylinder 

Intelligent Energy H2Origin (2008) None specific 

Toyota
PEM, 700 bar Technology 

developed in-
house 

FCHV-6 (2007) Fleet use 2010-
2020; mainstream 

products 2020-2030; 
platinum-free PEM 

VW

HT-PEM, 700 bar Phosphoric 
acid technology 

developed 
in-house – 

previously used 
Ballard stacks 

Space Up Blue 
(2007) 

Running prototype 
2010; products

from 2020 
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Key: PEM = Proton exchange membrane FC = Fuel Cell, ICE = Internal Combustion Engine, 
SMR= Steam methane reforming, CCS= Carbon capture and storage, HT= High temperature

Automakers’ hydrogen plans



cost. Two major fuel cell developers 
say they could manufacture a PEM 
stack for transportation use (not the 
complete system) for $50 per kilowatt 
in high volume. In the stationary sector, 
the cost of the next generation of 
systems has been brought down to 
around $2000 per kW installed. At these 
levels, both would be commercially 
viable. However while the fuel cell is 
a glamorous component that tends 
to get all the attention, there are more 
potential suppliers who believe they 
know how to make a cheap fuel cell 
than there are those who know how to 
make a cheap hydrogen tank.

“Hydrogen is an inconveniently 
small molecule with some really quite 
nasty escape habits,” continues Owen. 
“Whether you’re talking about liquid or 

compressed hydrogen, or even some of 
the more exotic absorption techniques, 
they all face limits and barriers that are 
defined by the laws of physics.” As a 
result, Ricardo believes that the fuel 
tank of hydrogen powered vehicles 
will be a highly expensive component 
compared to today’s products. A typical 
gasoline tank with all its associated 
components currently costs around 
$150, whereas a comparable hydrogen 
tank, even made in high volumes, could 
cost $10,000 or more. 

Composite hydrogen tanks usually 
comprise an impermeable core wrapped 
in carbon fibre using a process which 
takes days not hours; the tanks also need 
to have some 200 sensors integrated 
into them to warn of impending failure. 
The tanks are predominantly hand 

built from one of the world’s most 
expensive materials, and finding a way 
to significantly reduce the cost has so far 
eluded manufacturers.

A further problem is that even at 
$10,000 the tank still won’t buy you a 
substantial driving range – and beyond 
the current maximum level of 700 bar 
the advantages diminish as the cost 
and weight rocket. Some developers 
have even been reported as considering 
a reversion to the cheaper 350 bar 
technology. An alternative approach is 
likely to be in optimising other aspects 
of the car’s design – such as reducing 
weight – to improve the range. But 
in an area where increased value is 
placed on energy efficiency, such 
efforts are likely to be necessary even 
with vehicles powered by conventional 

Vehicle Type Example Based on Powertrain
Tank to 

wheel fuel 
consumption

Energy Chain Well to wheel 
CO2

Fuel Cell Mercedes F-Cell
Mercedes B-Class
(C-segment MPV)

80 kW PEM FC; 
6.5Ah li-ion,  

100 kW motor

0.87 kg H2 / 100 km
Zero tailpipe CO2

Steam reforming of 
Methane, current 
processes; 111g  

CO2 / MJ H2

115 g/km

Fuel Cell PEM, 700 bar As above
Future Hydrogen 

supply SMR+CCS, 
45g CO2/MJ

46 g/km

HEV
PSA / Ricardo 

EfficientC 
Citroén Berlingo

(C-segment MPV)

67 kW Diesel; 18/25 
kW motor; 2 kWh 
li-ion; robotised 

transmission

3.66l Diesel / 100km
99g/km Tailpipe 

CO2

Diesel with <5 per 
cent gen 1 Bio 

content; effective 
91 per cent CO2 

efficiency

109 g/km

PHEV Hypothetical plug-in version of the above vehicle; 
added 3 kWh battery capacity

0.11 kWh (state 
of charge) / km in 

urban use

Electricity grid  
EU-avg 430 g CO2 / 

kWh at meter

46 g/km for electric 
urban use

Source: Fuel cell and hydrogen technology watch based on emerging products, Deliverable 1.9, Roads2HyCom project

“trying to replace a low-cost 
vehicle powerplant with 
something more efficient but 
more expensive, like a fuel 
cell, makes little economic 
sense when that vehicle 
spends most of its time shut 
down in a domestic garage or 
in the car-park at work”
Nick oweN, RicaRdo
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fuels and conventional liquid fuel tanks. 
One potential development avenue 
on which Ricardo is already assisting 
clients is in the development of ultra-
efficient reformer technology which 
could in principle handle a range of 
liquid fuels derived from both fossil 
and renewable sources (see pages 17 
to 21). This approach would enable a 
hybrid hydrogen fuel cell powertrain to 
side-step the issues both of hydrogen 
storage and range limitation.

Supply chain
One less obvious factor in the hydrogen 
debate is how best to deliver it to the 
point of sale, says Owen. “The most 
efficient way to transport hydrogen 
is in a pipeline. Failing that, liquid is 
by far the most effective method of 
bulk transportation. But then you’re 
faced with making the hydrogen, 
liquifying it (which uses 30 per cent 
of the energy contained within it) and 
then compressing it. There are ways of 
doing that, but they are not necessarily 
practical in a neighbourhood filling 
station.”

The question of sourcing hydrogen 
is complicated but considerable 
amounts are already used in industrial 
processes such as fertiliser production 
and the refining of metals, plastics and 
petrochemicals. “If you could somehow 
divert and purify all of that hydrogen,” 
continues Owen, “it would be sufficient 
to fuel a third of all European vehicles 
– though then you would have no 
fertiliser, plastics or metals.” More 
to the point, the existing surplus 
production of hydrogen, based on fossil 

Hydrogen fuel future
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Pipeline

Cryogenic liquid tanker

Tube Trailer 
(Compressed Gas)
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Pathway 1 Pathway 2 

Description Costs (a/gJ) Description Costs (a/gJ) 

Production
Natural gas 

steam reforming
37,40 Electrolysis 52,52 

Transport Tube trailer 6,72 Tube trailer 6,72

Storage
 On-site gaseous 

storage 
5,00 On-site gaseous 

storage
5,00

Cost for the 
final user 49,11 (a/gJ) 64,24 (a/gJ) 

Costs estimated by the Roads2HyCom project based on two probable scenarios for 
hydrogen production pathways:(1) natural gas reformation (the most established pathway 
today) and (2) electrolysis (the most promising future technology based on feasibility, 
economic and CO2 emissions criteria). For either pathway tansportation by tube trailer can 
account for 10-15% of the pre-tax price of hydrogen to the user, which is substantially more 
than the comparable figure for gasoline or diesel. On-site storage costs are expected to be of 
a similar magnitude, again much greater than current fossil fuels.

Source: Well to tank technology pathways and carbon balance, Deliverable 4.3, Roads2HyCom project

A pipeline is the most efficient distribution method for hydrogen, but needs a high demand 
to justify the cost. Typically, even for a short pipeline, this would be around 2000 cars per day 
each taking a 5 kg fill. Up to this point, tankers of liquid or compressed gas will be required. 

Source: Ogden et al. as cited in “Fuel cells and hydrogen in a sustainable economy”, final report of the Roads2HyCom project

Guidelines for Hydrogen transportation

Typical costs of transporting hydrogen E/GJ

“although there has been a lot of 
progress in areas such as low 
temperature operation, durability 
and cost, the industry is nowhere 
near ready to hit the go button when 
it comes to the profitable 
commercialisation of 
fuel cells for cars”



fuel, could support the early stages of a 
hydrogen transport system. “The point 
here is that hydrogen is not a rare gas 
that can be only bought in a sample 
bottle. Industrial quantities are already 
quite large and most is steam reformed 
from natural gas.” 

But the supply of hydrogen fuel 
would need to migrate to low carbon, 
renewable sources for its use to 
make sense in the long term. The 
Roads2HyCom project concluded that 
by 2020 the development of renewables 
will not provide a sufficient surplus 
beyond the extra already required for 
the greening of the existing electrical 
grid power infrastructure. 

Clearly, natural gas is not a 
sustainable fuel source: the well-to-
wheel greenhouse gas emissions 
(running on natural gas) can even be 
slightly inferior to those of an advanced 
fossil-fuel hybrid vehicle. In the long 
term, the aim would be to manufacture 
the hydrogen by sustainable means, 
and in Europe this would need to 
integrate with broader EU energy 
policies.

“In that case, there is a strong 
argument for using sustainable fuel for 
reducing the carbon footprint of the 
electricity grid by feeding the energy 
into it, rather than using it to power 
vehicles,” explains Owen. “Almost 
without exception, if more renewables 
become available, or more nuclear 
or carbon-capture coal plant capacity 
comes on stream, that would be the 
best course of action.”

Clean coal
Carbon-captured coal is a slight 
exception, Owen continues. During 
the carbon capture process, hydrogen 
liberated when the CO2 is extracted 
from the coal is used to drive the 
power station. However, it may well be 
possible that there would be sufficient 
surplus heat in such power stations to 
export some of the hydrogen for use in 
vehicle fleets, such that the competition 
between power generation and use 
as vehicle fuel is reduced. The surplus 
can be substantial. A power station 
producing 400 MW of electricity can 
produce enough surplus hydrogen to 
power 1000 fuel cell buses or 25,000 
cars.

generally, though, there will always 
be competition with the energy grid for 
a supply of primary energy. In order 
to make those resources available 
for hydrogen production, there will 
either need to be a policy shift which 
recognises the secure supply of coal 
within Europe, or a surplus. “The most 

likely areas of power generation where 
that’s likely to occur in the next 20 
years will be wind energy, solar energy 
and wave energy, all of which are 
somewhat intermittent. There can also 
be buffering problems, especially in a 
weak grid, where the surplus cannot 
be stored. Then it makes sense to 
consider diverting that surplus energy 
into making hydrogen; otherwise 
it would be lost. Hydrogen may be 
difficult to store, but it’s not as difficult 
as electricity.”

It follows, then, that for hydrogen 
supplies to have genuinely green 
credentials and for there to be 
sufficient quantities, the ramp-up of 
this infrastructure will need some 
ambitious energy policies making clean 
energy sources generally available. If 
the two are not closely coordinated, the 
situation may well arise where there 
is insufficient energy available for it to 
make environmental sense to use it in 
the manufacture of hydrogen. 

The plug-in hybrid: key to hydrogen?
It is now clearer than ever before that 
the initial excitement over fuel cell 
vehicles and their early deployment 
in the late 1990s was misplaced, says 
Owen. “In 2008 it became fashionable 
to talk about electric vehicles again, 
but such vehicles also face severe 
challenges. Many people still believe 
there must be one golden bullet out 
there that solves all the environmental 
problems. The public has believed in 
the past that hydrogen and fuel cells 
were that golden bullet; then it was 
biofuels and now it seems to be the 
electric vehicle. I think answer is that it’s 
all of them.”

Owen believes that with the 
anticipated progress on nano 
technologies the electric car will 
eventually flourish as an alternative to 
combustion-engined vehicles. “We will 
develop better batteries that will make 
electric cars attractive to a broader 
part of the market. Electricity does 
have an advantage in that the energy 
chain is more efficient, especially since 
the infrastructure already exists and 
most renewables are easily made into 
electricity at the point of harvest.” The 
existence of that infrastructure may have 
been overlooked in the rush to develop 
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Battery cars drive 
smoothly for best range

One thing not generally understood 
is that electric vehicles are more 
sensitive to the way they are driven 
than combustion-engine models. 

EVs are highly efficient but use a lot 
less energy when driven slowly. The 
public has become accustomed to 
internal combustion engines which 
are generally sized for maximum 
performance and are generally quite 
inefficient. As such, drivers typically 
expect to get roughly the same fuel 
efficiency however they drive – 
particularly in the case of diesels.

By comparison, an aggressive driving 
style and higher speeds can increase 
an EV’s rate of energy consumption 
by a factor of up to ten, dramatically 
reducing the driving range available 
on each full charge of the batteries. 
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“Quite clearly we will see fuel cells 
being commercially successful in 
stationary applications in the next 
decade. as for cars, it could be the 
plug-in hybrid that finally makes 
hydrogen happen”

bold new alternatives, he notes. 
Transmitting that electricity, charging 

a battery with it, and then discharging 
it through a motor is highly efficient 
compared to making hydrogen from 
a primary energy source, transporting 
and compressing that hydrogen, then 
putting it into a fuel cell and turning it 
back into electricity, he explains. “So an 
EV, well-to-wheels, could have about 
half the carbon footprint of a fuel cell 
vehicle. But range remains an issue.”

The fact that electric vehicles – see 
panel, page 15 – do not respond well 
to aggressive driving means that they 
cannot be the answer to everything, 
explains Owen. “If we are to build 
a longer term future without fossil 
fuels, what is the solution? Second-
generation biofuels are promising but 
there are limits as to how much can 

be made – which brings us back to 
hydrogen. My view is that if we do see 
hydrogen fuel cell cars, they will be 
plug-in hybrids.” 

Towards a good economic balance
Using a traction battery in conjunction 
with a fuel cell powertrain, rather than 
relying completely on the fuel cell to 
deliver power to the motor, means that 
the fuel cell can be less sophisticated and 
thus cheaper to manufacture. Conversely, 
the battery can also be smaller and 
cheaper than that of a pure EV. 

This approach may be perceived as 
something of a U-turn in view of the 
fact that fuel cell developers were once 
obsessed with developing stacks that 
could emulate the transient response of 
an internal combustion engine, rather 
than rely on heavy and expensive 

battery packs to support them. Owen 
believes that there was a collective 
failure of the industry to recognise that 
fuel cells are unlikely to be plentiful in 
2014 or even 2020. With a clear trend 
towards increasing hybridisation and 
better and cheaper battery technology, 
fuel cells are clearly not the only game 
in town.

However, the future is not bleak for 
hydrogen, insists Owen. “I’m sure that, 
like batteries, fuel cells will benefit from 
an increased understanding of nano 
technology.” Internal examinations 
of fuel cells using advanced optical 
techniques have revealed that in actual 
fact only a relatively small proportion 
of the surface area in current systems 
is effective in converting hydrogen and 
oxygen into electricity. By improving the 
surface science there could be 10 times 
more power available, he estimates. 

Hydrogen is a promising solution for 
the future but will be one of a number 
of solutions, Owens concludes. “I think 
it’s unlikely we will ever see a world 
that is only populated by hydrogen fuel 
cell vehicles. It’s a fundamental law of 
nature that when resources get scarce, 
you have to diversify. That law applies 
to road transport every bit as much as 
it does to plant and animal species on a 
desert island.” 

“Quite clearly we will see fuel cells 
being commercially successful in 
stationary applications in the next 
decade”, says Owen. “As for cars, it 
could be the plug-in hybrid that finally 
makes hydrogen happen – and Ricardo 
is already on the case for both these 
applications”.  

Steam Methane 
Reforming

85-90%
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Source: Well to tank technology pathways and carbon balance, Deliverable 4.3, Roads2HyCom project

Hydrogen production methods and relative well to wheel CO2 
emissions predicted for 2030
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In recent years most of the 
hydrogen powered concept vehicle 
prototypes rolled out by the major 

car manufacturers, as well as city bus 
fleet demonstration trials, have used 
hydrogen stored on board the vehicle 
to power fuel cell systems. This is 

very different from the vision that 
was being pursued about a 

decade ago in the early stages 
of enthusiasm for the potential 
application of hydrogen fuel 
cells in transportation. At that 
time many companies were 
proposing concepts based 
on the on-board reforming 
of readily available liquid 
fuels, rather than the 
on-board storage of 
hydrogen, as a means of 

transitioning to hydrogen 

fuel cell powered transportation. 
Vehicle-based hydrogen storage, 

however, has become a significant 
issue of debate in recent years as 
research teams have struggled 
with the challenges of engineering 
energy-efficient and cost-effective 
on-board storage systems to achieve 
driving ranges that are comparable to 
conventional vehicles. 

So, largely as a result of these 
fundamental limitations in hydrogen 
storage, reformer technology is once 
again receiving greater attention as a 
potential means by which hydrogen 
fuel cell based powertrain systems 
could be realised. 

The process of reforming hydrogen 
from liquid or gaseous fuels is far from 
new. Indeed, most current industrial-
scale production of hydrogen is 

predominantly based on the steam 
reforming of natural gas also known as 
Steam Methane Reforming (SMR). 

Put simply, steam reforming 
takes place through the reaction 
of hydrocarbons and steam in the 
presence of a catalyst. This reaction 
produces synthesis gas or ‘syngas’, 
which contains hydrogen together 
with significant amounts of carbon 
monoxide and carbon dioxide. Some of 
the carbon monoxide is subsequently 
converted by reacting with water to 
yield more hydrogen via a step called 
the water-gas shift reaction. In the 
final step of hydrogen production, the 
carbon monoxide and carbon dioxide 

Next-generation reformer technology from ExxonMobil offers 
the prospect of high-efficiency on-board hydrogen generation 
from a potentially broad range of both fossil and renewable 
liquid fuels. Anthony Smith talks to the Ricardo and ExxonMobil 
team about creating the first prototype

character
reformed

Next-generation reformer technology

ExxonMobil reformer technology will 
initially be evaluated on forklift truck 
applications (above)
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Next-generation reformer technology

are separated from the mixture to yield 
pure hydrogen.

The process for steam reforming, 
based on the simple example of 
methane, is thus:

CH4 + H2O →CO + 3H2

CO + H2O →← CO2 + H2

Conventional steam reforming is not 
particularly energy-efficient, however, 
due in part to the amount of waste 
heat generated by the process. Some 
of the methane must be burned to 
provide the required energy input to 
the steam reforming reaction, and not 
all of this heat can be effectively utilized 
by the process. Typical refinery-scale 
efficiencies are thus in the order of 70 to 
75 per cent.

Pressure Swing Reforming
In order to address the inherent 
inefficiencies of conventional steam 
reforming, researchers at the Clinton, 
New Jersey, and Fairfax, Virginia, 
offices of ExxonMobil Research and 
Engineering Company (EMRE) have 
developed a patented next-generation 
reforming technology known as 
Pressure Swing Reforming (PSR). 

“We have been working on on-board 
reforming since 1998”, explains Jim 
Kegerreis, senior engineering advisor 
at EMRE, “both on our own and in 
collaboration with others. The PSR 
technology was invented by ExxonMobil 
at the beginning of the decade to 
overcome the deficiencies in the existing 
syngas production technologies of 
Partial Oxidation (POX) and Steam 
Methane Reforming (SMR) for 
application in the transportation sector.” 

The capability of POX and SMR 
technologies is limited by metallurgy 
constraints, which do not impact 

PSR because high temperatures are 
confined to high temperature ceramic 
materials. PSR is capable of converting 
feeds such as gasoline and diesel which 
would not be possible with SMR, it also 
produces syngas at higher pressures 
than POX, which facilitates hydrogen 
purification for a fuel cell. The exhaust 
and syngas temperatures of PSR are 
also lower, which helps to increase 
system efficiency. 

In a PSR, the same reactor is used for 
both the endothermic steam reforming 
conversion of a hydrocarbon, typically 
diesel or gasoline, to synthesis gas, and 
the subsequent exothermic reaction 
of the carbon monoxide and hydrogen 
to provide the heat needed for steam 
reforming. 

Once operating, the catalyst effectively 
works as a heat sink, absorbing the heat 
liberated in the combustion of carbon 
monoxide and hydrogen in the first 
step, and releasing the heat to drive 
steam reforming in the second step, 
with the flow direction being reversed 
between the two steps. With careful 
design of the reactor and associated 
systems, ExxonMobil estimates that this 
PSR technology can deliver hydrogen 
generation efficiencies of approximately 
80 per cent.

“the rationale was simple: 
Not only could PSR 
provide hydrogen at 
significantly greater 
efficiency than current 
industrial sources of 
hydrogen, but it could also 
completely avoid the 
need for on-board high-
pressure hydrogen storage”

The poppet valve pressure swing  
reformer (above and right) uses three 
PSR reactor beds arranged around a 
central axis and cycling through several 
operations, similar in concept to the 
cycling cylinders in an IC engine.



Q1, 2009 • RicaRdo QuaRteRly Review  19

Commercialisation strategy
Ricardo’s initial involvement with 
the development of PSR technology 
came when ExxonMobil requested 
advice on the paths to its possible 
commercialisation for a light duty 
vehicle application. John Kasab, chief 
engineer for advanced technology at 
Ricardo Inc and project manager of 
activities with ExxonMobil, remembers: 
“A team of consultants from Ricardo’s 
strategic consulting division examined 
the technology in detail, together with 
its potential routes to commercial 
exploitation. Their opinion was that PSR 
could offer a viable means of on-board 
production of hydrogen for a wide 
range of vehicle fuel cell applications”. 

The rationale was simple: not 
only could PSR provide hydrogen 
at significantly greater efficiency 
than current industrial sources of 
hydrogen, but it could also completely 
avoid the need for on-board high-
pressure hydrogen storage. Moreover, 
the technology would potentially 
be applicable to a range of liquid 
hydrocarbon fuels, including existing 
fossil fuels and future renewable 
sources. 

While a wide range of vehicle 
applications would have been 
technically feasible, it was important to 
identify one where the commercial case 
would be attractive and the engineering 
challenges – as far as possible – would 
be achievable in a practical package. 

Kasab continues: “We recommended 
that a forklift truck fleet operated 
in a large distribution centre would 
be perhaps the best initial target 

application for a hydrogen fuel cell 
operating in conjunction with a PSR 
system. These vehicles are typically 
operated in an enclosed environment, 
which today favours electric operation 
for reasons of air quality, but they are 
also frequently required around the 
clock. For this reason the requirement 
for battery recharging means that either 
additional vehicle numbers or a battery 
swap-over facility is needed which 
results in productivity loss. Productivity 
improves with a fuel cell vehicle as the 
need for battery swaps is eliminated.” 

In addition to this key advantage, 
the available package space on such 
vehicles would be potentially rather 
more generous than that of many 
automotive applications. Moreover 
the discharge characteristic of most 
existing battery systems means that 
performance falls off as the cells 
discharge, which is not an issue with 
a fuel cell system. Furthermore the 
on-board hydrogen reformer has 
lower NOx emissions than an internal 
combustion (IC) engine running on the 
same fuel. As such, a reformer-based 
fuel cell powertrain running on diesel 
– a readily available fuel in such an 
environment – would be a potentially 
attractive proposition to operators in 
both commercial and practical terms. 

Such a targeted niche application 
would provide an attractive 
environment in which to gain 
development experience before 
considering the next step – further 
exploitation in the more challenging 
environment of the mainstream 
commercial transportation and 

automotive sectors. To proceed, 
however, a vehicle-scale working 
prototype would be needed.

Creating the first prototype
While PSR had already been developed 
and proven by ExxonMobil under 
laboratory conditions, further 
development would be needed to 
deliver a prototype for the evaluation 
of its potential for industrial vehicle 
applications. In order to deliver a 
smooth flow of hydrogen for an 
on-board fuel cell system, a far more 
constant flow would be required 
than that which could be delivered 
by a single reformer bed. Ricardo’s 
assistance was again sought in order to 
develop the concept design of a vehicle-
scale pressure swing reformer system 
prototype. 

Working together with engineers 
from ExxonMobil, the configuration of 
a system to be called the Poppet Valve 
Pressure Swing Reformer (PVPSR) was 
developed. This concept was based 
on the use of three PSR reactor beds 
arranged around a central axis and 
cycling through several operations 
including reforming, combustion, 
purging and pressurization, similar in 
concept to the cycling cylinders in an IC 
engine. 

Each of the reformer beds is capped 
by a type of cylinder head, which 
bears some similarity to that of an IC 

Hydrogen embrittlement

Hydrogen embrittlement is the 
process by which the presence of 
hydrogen atoms within the matrix of 
a metal component – particularly at 
elevated temperatures and pressures 
– can lead to increased brittleness 
and ultimately failure. 

While it remains one of the most 
widely debated areas of fracture 
mechanics, there are a number 
of well-established models for 
the mechanisms of hydrogen 
embrittlement, such as the increase 
of pressure in microscopic voids in 
the metal lattice as the individual 
atoms re-combine to form molecular 
hydrogen. 

It presents a significant challenge 
to designers of hydrogen based 
systems, however, as many of the 
more popular grades of high strength 
low alloy steels are particularly 
susceptible.
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Next-generation reformer technology

Jim Kegerreis, 
senior engineering 
advisor at 
ExxonMobil 
Research & 
Engineering, 

discusses the development of the 
PVPSR programme:

How do the challenges of on-board 
reforming compare with those of 
hydrogen storage? Is liquid fuel 
reforming a more practical pathway to 
the successful application of hydrogen 
fuel cells in transport?
There are several challenges, both 
from a technology and a cost point of 
view, to the successful application of 
hydrogen for transportation. These 
include cost-effective fuel cells, 
on-board storage of hydrogen, and 

building an infrastructure for hydrogen 

production and delivery.  ExxonMobil 
believes that the use of on-board 
reforming of readily available fuels like 
gasoline or diesel to make hydrogen 
can play a key role in the transition to a 
longer-term hydrogen economy.

Why did ExxonMobil choose Ricardo 
for the design and development of the 
Poppet-Valve PSR (PVPSR)? What have 
been the positives and negatives of 
this relationship?
PSR technology requires a complex 
valve system to carry out the reforming 
process. ExxonMobil chose Ricardo 
because of its design skills, specifically 
in engine valve technology, and 
Ricardo’s ability to make prototypes 
rapidly. ExxonMobil has gained a 
greater understanding of the challenges 

involved in these types of valve 
systems, and we expect that Ricardo 
has benefited from the opportunity 
to diversify its skills by working on 
this unique application of its engine 
technology.

In overview, what have been the most 
significant technical and engineering 
challenges in developing the 
prototype?
PSR is a sophisticated reactor system 
which has twelve poppet valves, three 
feed injectors and three water injectors. 
The first significant challenge was 
getting this hardware designed and 
built. The next one was making the 
process control software work properly 
because achieving a precise sequence 
and timing of events is critical to PVPSR 
performance

engine, with poppet valves and ports, 
and manifolds directing the flow of the 
working fluids. The triangular radial 
configuration chosen enabled the 
central space to be used for manifolds 
and other internal pipework. Flow 
balancing is thus inherent in the 
radial design, while serviceability of 
the prototype system was provided 
through easy access to the major 
system components. 

For the first prototype PVPSR unit, 
ExxonMobil wanted a system that could 
be used in a research environment as 
a proof of concept and development 
test bed. The capacity needed to 
be on the order of a hydrogen flow 
equivalent to 25kW. This is typical 
of the requirements of the targeted 
forklift truck application but would 
also potentially be an appropriate 
size for a fuel cell hybrid powertrain 
application for a small car. However, 

as the prototype was intended only for 
research purposes at this stage, it was 
not intended to restrict the design to the 
packaging space that would be typical 
for such an application.

Despite the successive exothermic 
and endothermic reactions taking place 
in the reactor, the process operates 
in such a manner that the operating 
temperature remains relatively static, 
albeit at an elevated level in the central 
region of the reactor. Away from the 
reactor bed, the manifolds, ports and 
valves would operate at significantly 
lower temperatures, albeit at levels 
considerably higher than those typical 
of modern diesel and gasoline engines. 
This enabled the design of the external 
casing, heads, valves, manifolds and 
ports using grades of stainless steel 
rather than more costly materials. 

As Randy Ryan, Ricardo technical 
leader for the design programme 

explains, there were some particular 
issues to be addressed in the detailed 
design of the PVPSR system. “The 
two most fundamental challenges 
for the design team can perhaps 
best be summed up as developing 
high-integrity sealing systems and 
dealing with the somewhat unique 
requirements of a hydrogen-rich 
environment. 

“In terms of sealing our greatest focus 
was on carbon monoxide rather than 
hydrogen,” continues Ryan, “as the 
proportion of this gas within the initial 
output of syngas is significant prior to its 
subsequent reaction with water to form 
further hydrogen and carbon dioxide. 
Health and safety limits on exposure to 
carbon monoxide are correctly set at just 
a few parts per million, so we needed 
to develop some highly novel sealing 
systems for the valve stems and other 
potential leak paths. 

Conversely, he adds, “the challenge 
with respect to designing in the 
hydrogen-rich environment of the 
PVPSR was one of selecting materials 
that could both withstand the high 
operating temperatures while also 
being resistant to the effects of 
hydrogen embrittlement.” 

The location of electronics modules 
was also something of a challenge, in 
particular in terms of valve operation. 
ExxonMobil wanted the prototype 
to be capable of researching as 
broad as possible a range of valve 
opening and closing strategies for 
each of the three reactor beds. For 

“with its potential to offer a 
convenient one-stop alternative to 
on-board high pressure hydrogen 
storage and a new hydrogen 
refuelling infrastructure, it may 
well represent a very promising 
future transportation technology ”

the exxonMobil perspective
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What have been the key achievements 
of the programme to date?
The overall ExxonMobil programme 
requires the development, construction 
and assembly of three new 
technologies into a single integrated on-
board hydrogen delivery system. These 
technologies are:
1) a module that removes sulphur from 
liquid fuels so that they can be fed to 
the integrated system;
2) the PSR reactor, and; 
3) a hydrogen purification module so 
that the H2 produced in the PSR can be 
fed to a fuel cell. 
  
Developing, designing and constructing 
these technologies with our four 
partners have been key achievements.

What are the next steps to 
commercialisation for PVPSR 
technology?
The PVPSR reactor is being tested in 
facilities made available by Plug Power 
in Europe. In the coming months it will 
be combined with the other modules 
into an integrated system and then 
the efficiency and emissions of the 
combined system will be evaluated.

Do you envisage developing 
applications of PVPSR technology for 
fuels other than diesel?
PSR has been shown to work on a 
range of fuels from natural gas to 
diesel. Other applications are possible.

How does the development of this 
technology relate to ExxonMobil’s own 
environmental strategy?

At ExxonMobil, we are seeking ways 
to reduce greenhouse gas (gHg) 
emissions from our own operations 
as well as those from the use of 
energy by consumers. Developing and 
deploying technologies that use energy 
more efficiently is a key component 
of this strategy. We are working on 
technologies with the potential for near-
term impact on emissions, while at the 
same time looking for breakthrough 
technologies for the future. To make a 
meaningful contribution to the future 
gHg reductions, new technologies must 
be cost-effective and have the potential 
to be deployed on a large scale.

On-board reforming technology has 
the potential to meet all these criteria 
and become an important long-term 
solution to improving the way energy is 
used for transportation.

this reason the decision was taken to 
use electromagnetic valve operation 
for each of the poppet valves, with 
control strategies run on Ricardo 
rCube modules. This enabled complete 
flexibility of valve opening and closing 
on an individual basis, but involved 
the use of solenoid units that needed 
to be located remotely from the 
valves on extended stems due to their 
sensitivity to elevated temperatures. 
For a production design it is highly 
likely that a mechanical system would 
be configured to deliver the required 
opening and closing strategy. 

To cover all likely operating conditions 
and safety considerations, the control 
system is configured to enable a wide 
range of start-up, operation and shut-
down cycles. This complexity is however 
a reflection of the research nature of 
the PVPSR prototype. As with the valve 

actuation system, a production unit 
would be likely to focus on the intended 
modes of operation, with fewer cycles at 
its disposal.

Long term potential
The PVPSR prototype is now 
undergoing testing and development in 
Holland at the facilities of Plug Power, 
a US based company with expertise in 
fuel reforming and hydrogen-powered 
forklifts. Based on existing bench tests 
ExxonMobil believes that on a well-to-
wheels basis in future light-duty vehicle 
applications, PVPSR technology could 
achieve up to 80 per cent better fuel 
economy and emit 45 per cent less 
carbon dioxide than today’s typical US 
vehicles. 

While considerable further testing 
and development will be required, the 
PVPSR appears to offer a pragmatic 

and practical route to the commercial 
implementation of the hydrogen fuel 
cell in vehicle applications. Combined 
with further technologies such as a 
liquid-phase sulphur trap developed 
in conjunction with Ben gurion 
University and a Rapid Cycle Pressure 
Swing Adsorption system designed by 
QuestAir Technologies Inc, the purity 
of hydrogen produced is acceptable for 
most types of fuel cells. 

The system is also inherently fuel-
flexible, capable in principle of running 
on conventional fossil fuels such 
as diesel or gasoline, or renewable 
liquid fuels. With its potential to offer 
a convenient one-stop alternative to 
on-board high pressure hydrogen 
storage and a new hydrogen refuelling 
infrastructure, it may well represent an 
attractive and very promising future 
transportation technology. 



Moving toward downsized, 
boosted engines is fast 
becoming recognised as a 

highly effective method of shedding 
losses and reducing fuel consumption, 
CO2 and regulated emissions, 
without sacrificing performance. The 
characteristics of the latest gasoline 
engine technologies such as direct 
injection and advanced turbocharging 
systems lend themselves perfectly 
to doing just that – and this is an area 
Ricardo has been exploiting in a project 
entitled DI BOOST.

Naturally aspirated spark ignition 
direct injection (SIDI) engines have 
already demonstrated how able they 
can be at meeting UlEV2 emissions 
standards in the US. But by combining 
DI with an advanced twin turbocharging 
system, (hence ‘DI BOOST’) ,and a 
re-designed combustion chamber, 

Ricardo has been able to bring 
emissions levels on a 3.6-litre V6 engine 
down to SUlEV2 emissions standards 
without resorting to expensive 
exhaust aftertreatment techniques like 
secondary air injection. 

“We had already developed a great 
working relationship with Robert 
Bosch llC working on other projects,” 
explains Detroit-based Mark Christie, 
director of powertrain development 
and calibration. “We installed the twin-
turbo 3.6 into a Cadillac CTS V-Series 
to demonstrate the fuel consumption 
benefits. We achieved 15 per cent on 
the city cycle, 10 per cent combined 
cycle over the larger capacity, naturally 
aspirated V8 engine that was originally 
fitted in the car.” 

The benefits even extend beyond 
reducing fuel consumption, adds 
Christie. “We were taking a swing at 

di BooSt project
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Turbocharging of spark ignition engines used in combination 
with certain configurations of direct injection makes it possible to 
dramatically downsize engines for better fuel economy and lower 
emissions; the technique also supports alternative fuels. Jesse 
Crosse speaks to the team behind Ricardo’s DI BOOST project

boosting
economy
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the V8 engine, showing it is possible to 
achieve better consumption with the 
same performance and characteristics, 
while also tackling the most stringent 
legislation, SUlEV 2.”

Advanced control systems
Combining the new generation of 
hardware with highly advanced control 
systems has been the key to combining 
low consumption and regulated 
emissions with high performance. 
The project team came up with the DI 
BOOST concept using conventional 
hardware in what was at that time a 
unique package. Ricardo undertook all 
the performance and mapping work 
while Bosch addressed changes to the 
fuel injection and engine management 
systems.

“At Bosch, we were responsible for 
the complete engine management 
system and we also developed new 
injectors with a new spray targeting 
profile,” explains Hakan Yilmaz, 
manager of system and advanced 
engineering at Robert Bosch llC. 

“We worked on the DI subsystem 
package all the way through to the 
engine management system, which 
was modified for the high boost 
characteristics,” Yilmaz said. “We also 
developed a higher pressure, four-lobe 
version of our direct injection pump. 
Naturally, we worked very closely with 
the Ricardo team on this project and 
discovered many synergies with them.”

Modern gasoline direct injection 
systems can take a number of different 
forms, with either centrally or side-
mounted, piezo or solenoid injectors 
and either wall- or spray-guided 
injection strategies. For DI BOOST, 
Ricardo opted for the wall-guided 
method with side-mounted, multi-hole 
injectors.

Multiple Injections are possible over a 
wide range operation giving complete 
flexibility over the design of the control 
and combustion system. Different 
modes of combustion can be achieved 
by injecting during the induction stroke 
(as would be the case in a conventional, 
port-injected engine), the compression 
stroke or both. Varying the strategy 
allows accurate management of 
combustion temperature or exhaust 
heat flow, both of which are important 
to emissions, as well as the engine 
torque required by the driver.

High temperature catalyst
Very high catalyst temperatures of 
almost 600°C were achieved within 
20 seconds during the optimization 
of the start calibration, and it was 
important to choose catalytic converter 
and wash coat specification carefully. 
“With the engine installed in the 
vehicle, the engine mapped and initial 
vehicle calibration completed, we 
then worked with Emitec to develop 
the aftertreatment” says Christie.
We chose Emitec on the strength 

of their experience in making high-
temperature, close-coupled catalysts 
for OEM applications,” says Christie. 
“We examined different substrate 
permutations for our particular 
application and then aged them to 
120,000 miles.”

Different light-off catalyst systems 
were evaluated during the programme. 
The challenges the design had to meet 
were fast light-off during cold start, the 
packaging of close-coupled converters 
and the avoidance of flow restrictions 
which would affect power targets. The 
most suitable configuration proved 
to be a high-loaded, perforated metal 
substrate for the pair of close-coupled 
converters; these are backed up by 
underfloor converters with ceramic 
substrates in order to ensure high 
conversion efficiency at high engine 
loads.

With the first stage of development 
completed, the system worked well. 
“With the best optimum settings 
for low engine-out emissions,” says 
Christie, “we demonstrated the 
vehicle could deliver the same vehicle 
performance, the same 0-60mph time 
and quarter mile time and a 50-70mph 
time that was 1.6 seconds quicker than 
the V8.”

But those initial emissions results 
showed that more work was required to 
achieve the desired engineering targets 
for SUlEV. “Typically, you would aim 
for 70 per cent of the target, or better, 

di BooSt project
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“with the best optimum settings for low 
engine-out emissions, we demonstrated 
the vehicle could deliver the same vehicle 
performance, the same 0-60mph time 
and quarter mile time, and a  50-70mph 
time that was 1.6 seconds quicker 
than the v8”



with 120,000-mile aged parts to allow 
for production variation, so just getting 
to the limit is not good enough, you 
have to be consistently and repeatedly 
under the limit,” adds Christie. “We 
were at 100 per cent. So we dissected 
the emissions results to decide where 
to focus our development efforts and 
concluded that we needed to improve 
the engine out emissions during first 20 
seconds of the cycle.” 

Fast light-off
One of the crucial elements in 
emissions control is fast catalyst light-
off immediately after starting. The 
advanced direct injection system is one 
of the most important tools used to 
reduce emissions in the first 20 seconds 
or so that the engine is running, before 
the catalysts have had a chance to light 
off. Attention turned to the combustion 
chamber and the shaping of a specially 
designed piston bowl to direct the 
injected fuel directly towards the spark 
plug.

As the engine starts, the injection 
system operates in high pressure, 
stratified charge mode: this injects fuel 
on the combustion stroke close to top 
dead centre (TDC). A cloud of fuel thus 
delivered close to the spark plug ensures 
easy engine starting while reducing the 
enrichment factor for a conventional low 
pressure homogeneous charge by some 
400 per cent. 

low engine-out emissions and high 

heat throughput in the exhaust system 
is crucial immediately following start-
up if the catalytic converters are to 
light off rapidly in the first part of the 
FTP75 emissions test procedure. At 
this point the injection system switches 
to homogeneous split injection 
(HSP) mode. With this successfully 
accomplished, the all-important HC 
(hydrocarbons) level is reduced to 
168mg compared to a target set by the 
team of 200mg. 

The process is helped by specially 
designed forged pistons with the new 
‘catalyst heating optimised’ crown 
design. Detailed examinations of both 
the targeting of the injector spray and 
the piston design are what ultimately 
led to the substantial reduction in HC 
during the cold start phase, achieved by 
reducing their formation at source, in 
the combustion chamber. 

The direction and quantity of fuel 
spray into the piston bowl played 
a major part in bringing HC levels 
down, as did arriving at a piston 
bowl geometry which assisted 
the movement of fuel towards the 
spark plug. Another contributing 
factor included the reduction of fuel 
impingement in the combustion 
chamber; naturally, the final 
configuration had to meet strict cost 
and feasibility targets.

“Fast catalyst heating is typically 
dealt with in a turbocharged port 
injected engine using secondary 

air injection into the exhaust port, 
combined with a rich spike and retarded 
ignition timing to raise the exhaust 
temperature and achieve fast light-off,” 
explains Christie. “The equipment 
needed for this costs several hundred 
dollars and is only used for 20 seconds 
each time the vehicle is started. We 
achieved the same thing without using 
any secondary injection, offsetting a 
significant amount of the cost of fitting 
the direction injection fuel system.”

Overall fuel savings of 10 per cent
The final result is a downsized, 
turbocharged engine, the turbochargers 
and combustion system compensating 
for the decreased engine displacement 
while delivering comparable 
performance and actually improving 
the low-end torque compared to a 
much larger, normally aspirated engine. 
Fuel consumption is improved too, 
along with the substantial reduction in 
HC emissions, this makes it possible to 
achieve SUlEV2. 

It’s the basic mechanical features 
of the DI BOOST system, such as the 
high pressure and strategic fuelling 
during cold start, combined with the 
appropriate aftertreatment and control 
system, which make this possible. All 
the targets were met by the project. In 
addition to achieving the all-important 
SUlEV2 compliance, the engine has 
a lower displacement, delivers high 
power and yet is clean burning, too.
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There is a big push to use 
alternative fuels in the US, 
says product group director for 

gasoline, Rod Beazley, at Ricardo Inc. 
in Detroit. “But ethanol has both good 
and bad attributes. A good one is that it 
has a very high octane rating, but most 
flex-fuel vehicles are not optimised for 
that. By exploiting that high octane 
rating we can reap huge benefits and 
can downsize a light truck engine from a 
6.6-litre diesel to a 3.2-litre spark-ignited 
engine running on ethanol.” Beazley 
and his team are currently engaged in 
a project in this area known as Ethanol 
Boosted Direct Injection (EBDI), being 
carried out in collaboration with Behr, 
Bosch, Delphi, Federal Mogul, grainger 
& Worrall Castings and Honeywell. In 
February, Ricardo announced the initial 
test bed results of the first prototype 
engine using this highly promising 
technology.

With normally aspirated, flex fuel, 
spark ignition engines, there’s a conflict 
of interest between burning gasoline 
with an octane rating of less than 100, 
and ethanol, whose octane rating is 
around 110. A compression ratio high 
enough to exploit ethanol properly 
would be unfeasibly high for pump 
gasoline. But with a boosted engine, 
cylinder pressures can be controlled 

using boost and valve control, while the 
mechanical compression ratio remains 
at conventional levels.

“It’s applicable to many different 
areas, including agriculture and 
medium-duty applications, that have 
traditionally used compression ignited 
engines” says chief engineer luke 
Cruff. “It really depends on how much 
downsizing you can get away with. In 
this case we are powering an 8000lb 
[3.63 tonne] truck with a 3.2-litre 
engine which is a much higher level of 
downsizing than current convention.” 

High-efficiency energy conversion
Downsizing means finding systems 
that deliver high-efficiency energy 
conversion. Because current systems 
are not fully optimised for ethanol and 
gasoline, not only is the full power and 
torque potential not realised when 
burning ethanol, but fuel economy is 
poor, too. However, EBDI solves many 
of the challenges faced by flex-fuel 
engines because it is optimised for both 
alternative fuels and gasoline. Current 
flex-fuel engines pay a fuel economy 
penalty of about 30 per cent compared 
to gasoline when operated on ethanol 
blends such as E85. The EBDI engine 
substantially improves ethanol’s 
efficiency, and performs at a level 

comparable to a diesel engine. 
As Cruff explains: “You can close the 

heating value gap between gasoline 
and ethanol by running at higher loads, 
more often.” Octane is a positive 
attribute, and ethanol also has a high 
latent heat of vaporisation, so when 
you spray it into a cylinder you get 
better charge cooling.” 

As far as knock 
is concerned, 
it’s a win-win 
situation. Knock 
is inhibited by 
both the octane rating 
and the charge cooling. 
A combination of variable 
valve timing and lift and clever 
manipulation of engine boost can 
deliver an equivalent effect to variable 
compression ratio in a naturally 
aspirated engine.

But the high pressures involved some 
physical engine modifications, says 
Cruff. “To take full advantage of this 
system the engine has to withstand 
much higher cylinder pressures than 
usual. So high, in fact, that diesel and 
spark ignition engines start to look pretty 
similar, with engine speeds reducing to 
5000 rev/min on the EBDI spark ignited 
engine. You could potentially start with a 
diesel engine as a basis and convert it to 
spark ignition.

Just as with the DI BOOST project, 
the prototype EBDI engine is based 
on a standard direct injection, 3.2-litre 
V6 direct injection engine: the team 
modified it to withstand cylinder 
pressures of 180 bar rather than the 
usual 120 bar. “Although we made some 
substantial modifications,” he explains, 
“we didn’t do anything to change the 
architecture such as increasing the 
number of cylinder head studs.”

Independent research conducted 
by Ricardo, outside the scope of the 
technical collaboration, indicated that 
hardware costs compare well with 
diesels. Ricardo estimates that the EBDI 
fuel system would cost in the region 
of $300 to $400: this compares with 

ethanol boosted di
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$2,000 to $2,500 for a typical diesel. The 
position with aftertreatment is similar: 
a diesel system costs in the region 
of $1,500 to $2,300, while EBDI runs 
using a standard three-way catalytic 
converter costing a fraction of the price 
of state-of-the-art diesel systems. 

Turbocharging is achieved by parallel 
turbochargers of equal size and, at 
least for the purposes of the research 
programme, fixed geometry. “There 
are many different ways of configuring 
the boost system for a production 
engine,” explains Cruff. “But at this 
stage, we were mainly interested in 
the combustion system.” Emissions 
targets are the current Federal Bin 5 
or Californian UlEV II levels but EBDI 

promises huge benefits, not only in 
terms of sustainability but also cost. 

The future for ethanol fuel in North 
America and Europe is likely to be 
production from cellulosic feedstocks 
to avoid competition with foodstuffs 
and to increase the potential volume. 
In real-world terms, the efficiencies of 
this form of fuel production means that 
EBDI can potentially reduce the actual 
cost of transportation when compared 
to fossil fuels, and can do so based on 
a renewable fuel resource. Moreover 
with estimates of the long-term cost 
of cellulosic ethanol production as low 
as $1.50 per US gallon and with the 
recent history of wide fluctuations in 
prices, a painful experience for many, 
EBDI’s multiple fuel optimised capability 
could be a particularly attractive future 
powertrain technology. 

With initial testing now complete, the 

EBDI research team will focus both on 
test bed optimisation and on developing 
a vehicle based demonstrator. This will 
be based on a dual-wheel pick-up truck 
and is intended to be available for testing 
later in 2009. In summarising, Beazley 
emphasises the sheer scalability of EBDI 
and its potential reach far beyond the 
automotive and light-truck industry: 
“Imagine agricultural equipment that, 
in effect, burns what it harvests – corn, 
sugar cane or some other renewable 
substance. It could mean tremendous 
cost savings across many industries.”  

With its inherent highly optimised 
fuel-flexibility, and its impressive fuel 
economy, EBDI technology could well 
provide a green future that could pay 
dividends too – in more than  
one sense.. 
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The new Battery Systems 
Development Center at the 

Ricardo Detroit Technology Campus 
has now been formally opened, 
providing complete vehicle systems 
integration for turnkey battery 
system development and application. 
The new facility provides the most 
comprehensive and integrated range 
of capabilities in the industry for 
turnkey development and application 
of complete high-voltage battery-pack 
systems for hybrid, plug-in hybrid 
and electric vehicles. “Ricardo is at 
the forefront in developing renewable 
energy applications that will help 

reduce our dependence on foreign oil 
and lead to energy independence,” said 
Ricardo Inc President Dean Harlow. 
“While there has been a great deal of 
theoretical discussion and proposals on 
renewable energy, Ricardo is actually 
applying the technology by taking it off 
the whiteboard and into the real world.” 

The new facility is among the 
industry’s most complete battery 
development and system integration 
facilities, enabling programmes to be 
run for a wide range of customers from 
cell suppliers to the Tier 1s and OEMs 
on battery systems for hybrid and 
electric vehicles. It provides the focal 

point for Ricardo’s design, analysis, 
simulation and integration of advanced 
high-power battery packs and their 
electronic management systems. 
Combined with the company’s 
deep expertise in the development 
of electronic controls, hybrid 
transmissions and vehicle systems, it 
provides Ricardo with the capability 
of providing fully integrated, turnkey 
battery systems.  

Prototype battery pack systems 
can be subjected to exhaustive 
development in specially built 
development chambers equipped with 
robust safety and filtration systems. 

The emissions regulations applying to 
new engines and vehicles in different 
parts of the world represent a highly 
complex and rapidly changing area. 
Keeping up to date with the latest 
legislation can be both challenging 
and costly. The Ricardo EMlEg 

service has for many years offered a 
comprehensive online resource with 
summaries of the exhaust legislation 
applying in around 40 of the leading 
international markets for commercial 
vehicles, utility products, marine, 
off-highway and stationary engines, 
as well as for automotive products. 
This service offers subscribers access 
to the database of regulations plus 
additional resources covering topics 
such as fuel economy, air quality and 
emissions-related tax incentives.

For 2009 EMlEg has been 
completely re-launched under 
www.emleg.com. The new EMlEg 
offers significant improvements 
in navigation and look and feel, 
enabling users to identify more 
rapidly the information they require. 

Additional features have been 
added such as a news update facility 
and an ‘Ask EMlEg’ function that 
enables questions to be sent to the 
administrator. 

“We are pleased to have been 
able to complete the launch of the 
new EMlEg service”, explains 
information manager, Roland 
Christopher. “The new version of 
EMlEg provides even greater added 
value to subscribers but retains its 
previous robustness of approach 
as it is prepared and continually 
updated by Ricardo specialists 
who monitor the progress of 
legislation and provide comment and 
explanation as appropriate.” 
For further information or to arrange a 
free trial, see www. emleg.com.

New version of emissions standards database

Ricardo News

Battery systems facility boosts 
global hybrid and EV capability
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Experts from all parts of the Ricardo 
organisation have supported 

SupplierBusiness to provide a 
comprehensive overview of the 
emerging technologies that will shape 
the future of the auto industry through 
the next decade and beyond. The 
Automotive Technology Roadmap 
is a unique collaboration between 
automotive business publisher 
SupplierBusiness, part of the IHS global 
Insight group, and Ricardo. 

The report sets out the key drivers 
of change within the auto industry 
and analyses the current framework 
of competition for customers in terms 
of parameters including product 
performance, safety, OEM corporate 
structure, cost base and ownership, and 
supply chain issues and economies of 
scale. The report goes on to examine 
each aspect of the vehicle in turn, 
including body structure, electrical and 
electronic control systems, passive and 
active safety systems, climate control, 
brakes, steering, suspension, wheels, 
chassis, driveline and transmission 
systems, advanced engine 
technologies, alternative fuels, hybrid 
systems, energy management and 
fuel cell vehicle systems. In each case, 
a comprehensive analysis of current 
state-of-the-art products is provided, 
together with the vision of the authors 

for the 
deployment 
of new 
technologies – including major 
potential disruptors – over a time 
horizon of approximately twenty years

For each section Ricardo specialists 
have contributed their own insights 
and reviewed and validated the 
information gathered from external 
sources by SupplierBusiness. As 
such, while there is naturally much 
detailed level information which 
must remain confidential to Ricardo, 
the report provides a rigorous 
and well-researched vision of the 
future development of automotive 
technology which will be of significant 
value to SupplierBusiness customers.

Ian Kershaw, managing director of 
Ricardo Strategic Consulting in Northern 
Europe, said: “Within the limits of what 
Ricardo can publicly disclose while 
protecting our clients’ confidentiality, the 
comprehensive nature of the analysis 
provided in the Automotive Technology 
Roadmap report is likely to be extremely 
useful those engaged at all levels within 
the global automotive industry, including 
investors.”
For further information report contact 
Sarah Graham, marketing manager, 
SupplierBusiness at 
sarah.graham@supplierbusiness.com. 

Clean energy appointments
Ricardo has announced the 
strengthening of its global clean energy 
team with two key appointments in the 
US and Europe, bringing significant 
additional expertise in wind energy 
systems engineering. With these new 
appointments Ricardo consolidates 
its already strong presence in 
research and development of wind 
turbine drivetrains of up to 10 MW 
capacity, and is able to provide a 
comprehensive engineering service 
including programme engineering 
as well as advanced technologies in 
drivetrain architecture and integration, 
gearboxes, bearings, pitch and yaw 
systems, generators and control 
systems. 

At Ricardo UK ltd, Richard Jones 
is appointed as chief engineer, wind 

energy, within the 
clean energy group. 
Jones joins Ricardo 
from BP Alternative 
Energy, where he was 
wind engineeering 
development 
manager. He has 
almost twenty 
years engineering 
experience in the wind 
energy sector, having 
undertaken senior roles for companies 
including Vestas, Nordex Energy and 
National Wind Power. 

In the US, Marc Wiseman joins 
Ricardo Inc from Third Planet 
Windpower, where he was vice 
president with responsibility for 
developing utility scale wind power 

facilities for the Western US. Wiseman 
was also the VP of Technology 
responsible for corporate relationships 
with turbine manufacturers such as 
gE, Vestas, Suzlon and DeWind. In 
his new role Wiseman will head the 
Ricardo Inc advanced technology 
clean energy product groups.

Major automotive 
technology roadmap 
report published

Each will feature high-capacity battery 
cyclers, high-voltage instrumentation, 
hardware-in-the-loop systems 
and other equipment to enable the 
development of battery systems in 
simulated vehicle environments. Once 
a battery pack design is verified in 
a safe, simulated environment, the 
battery system can be integrated into 
and further developed on a vehicle in 
Ricardo’s adjoining garage facility. 

“Electrification of the vehicle is 
a critical element of automakers’ 
strategies for achieving the 35-mile-
per-gallon CAFE regulations,” said 
Karina Morley, Ricardo’s global vice 
president of Controls and Electronics. 
“The Battery Systems Development 
Center is a state-of-the-art, benchmark 
facility that enables Ricardo to evaluate 
and optimise batteries throughout 
the development cycle, from the early 
stages through battery pack production 
and integration into the vehicle.” 

The Battery Systems Development 
Center is believed to be the only 
supplier facility with a virtual vehicle 
development environment that allows 
fully simulated vehicle integration 
to be conducted in a safe, controlled 
and repeatable environment. This 
positions Ricardo as one of the only 
suppliers equipped to deliver increased 
efficiencies by fully optimising a battery 
pack and control system. In addition 
to automotive battery applications, 
the new facility is also able to develop 
battery systems for other industries, 
including agricultural equipment, 
defence vehicles and medium- and 
heavy-duty on- and off-road vehicles. 

Marc Wiseman

Richard Jones Marc Wiseman
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Capiton...

Following the announcement by 
Bugatti that it is to launch a new 

‘grand Sport’ convertible version of 
its ultra high performance Veyron 
super car, Ricardo has been selected as 
supplier for the required additional units 
of the vehicle’s award-winning seven-
speed dual clutch transmission (DCT). 

The seven-speed DCT of the Veyron 
was the result of a highly successful 
design and development collaboration 
between Ricardo and Bugatti which 
included both the transmission 
hardware and its electronic control 
unit and software. This state-of-the-
art transmission is an important 
contributor to the exceptional driving 
experience offered by the Bugatti 
Veyron, which is widely acknowledged 
as being a truly exemplary high 
performance modern sports car. gear 
selection is sequential in action, using 
steering-wheel mounted paddles or the 
innovative multi-functional electronic 
gear lever. The transmission – which 
may also be operated in full automatic 
mode – is engineered to the highest 
standards of refinement and quality 

as well as for functionality and safety, 
utilising the latest technologies in 
transmission design, electronics, 
control software and mechatronics.

“We are extremely pleased to have 
been selected by Bugatti to fulfil its 
on-going production requirements 
for the Bugatti Veyron’s dual clutch 
transmission”, said Mark Barge, 
Ricardo director of high performance 
transmission products. “This vehicle 
is arguably without comparison and 
the state-of-the-art technologies that it 
demonstrates in its DCT are the result 
of a highly successful collaboration 
between Ricardo and Bugatti.” In 
addition to providing support on the 
design and development of the DCT 
of the Bugatti Veyron, Ricardo has 
been responsible for the manufacture 
and supply of these exceptional 
transmissions from a dedicated 
production unit at the company’s UK 
Midlands Technical Centre. The new 
production order will ensure that this 
facility remains in operation in order 
to supply the future needs of this 
exceptional vehicle. 

Ricardo has been awarded a contract by Hyundai Heavy 
Industries of Korea for a 26 month programme to 

support the design and development of a new V16 natural 
gas variant of its H32/40 series of medium speed engines. 

The new contract builds on a long-standing and highly 
successful relationship between Ricardo and the Engine 
& Machinery Division of Hyundai Heavy Industries Co. ltd 
(HHI) on advanced diesel and gas engine development. 
Established in 1972, HHI is now the world’s largest marine 
diesel engine builder, with an estimated 35 per cent 
share of the global market. The scope of work will see 
Ricardo UK ltd assist HHI with a complete new engine 
development programme. The first phase of work will 

involve the concept design of the new engine, running 
from market surveys, outline component and system 
specification and initial supplier selection to the production 
of a full concept design layout. In the second phase of 
the programme the design of the new engine will be 
developed in detailed form, supported by extensive use of 
computer aided engineering methods. 

The penultimate phase will see the procurement of 
parts and build of the first V16 gas variants of the H32/40 
series power generation and marine propulsion family of 
engines. The programme will then be completed with a 
rigorous schedule of engine development testing. 

New V16 natural gas engine for HHI

Ricardo wins 
new contract 
to supply 
advanced 
DCT to Bugatti
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Ricardo plc

Seminars & Events
Related to the automobile and clean energy industries

For more information 
about our current 
seminar programme 
or to discuss individual 
company-specific training 
requirement, please 
contact:  
seminarinfo@ricardo.com. 

Battery technology: 14-17th April 2009   
A four day seminar covering battery technologies, 
packs and battery management systems in hybrids and 
electric vehicle applications and clean energy systems. 
This seminar will be offered at our Detroit Technology 
Centre in the US.

Introduction to Hybrid Vehicles: 7th May 2009 
Covering current status of hybrid vehicles, review of key 
technologies (batteries, electric machines and power 
electronics) and hybrid system integration.

Fuel Cells and Hydrogen: 4th June 2009
A one day seminar covering market drivers and key 
types of fuel cell and hydrogen tanks, state-of-the-art 
versus competing technologies, hydrogen supply and 
routes to market in key applications.

Use of biofuels: 5th November 2009
A one day seminar looking at different types of biofuel, 
current status of production, supply and application 
and use in engines. 

Product engineering for Clean Energy Systems: 
TBA 
A one day seminar covering the main phases of 
research, development and validation, development 
planning, the role of simulation and testing, DFMA and 
cost reduction.

Seminar programme:

Advanced technology seminars, 
workshops and training courses
Ricardo is recognised worldwide as a leading authority in the development of the latest power 
systems for automotive and clean energy applications.  While best known for our engineering 
and consulting programmes, an increasingly popular service is our regular series of seminars and 
training courses through which aspects of the company’s knowledge and expertise can be shared with 
customers.  These events are typically hosted at Ricardo Technical Centres and are led by some of our 
most experienced engineers and research scientists.  

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

Our current programme of seminars is listed below.  Most of these will be hosted at the Shoreham 
Technical Centre, further presentations may also be made at other Ricardo facilities or at customer sites 
subject to demand.
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WAVE-RT’s  patent pending technology 
for real-time engine modelling addresses 
three key issues where traditional tools fall 
short: accuracy, speed and process.

 Accuracy: multi cylinder, transient, crank-angle resolved data means  •
WAVE-RT can address critical control system applications (HCCI, 
multi-turbo, etc.)

Speed: proven faster than real-time •

 Process: unique process delivers a WAVE-RT model in minutes.  •
WAVE-RT models are based on a donor WAVE model (fully resolved 
1D gas dynamics model) and are fully MISRA C compliant. Flexible 
structure means WAVE-RT models can be compiled and applied in 
any real-time environment.

For further information or to arrange a demonstration, visit our website 
at www.ricardo.com/wave-rt or e-mail WAVE-RT@ricardo.com

A breakthrough in real-time engine 
modelling for both SiL and HiL systems

Keep it      eal 


