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The task of RQ is to highlight
the latest thinking in global
engineering and technology in the
transportation and clean energy
sectors and related industries.
We aim to achieve this by presenting an up-todate mix of news, profiles and interviews with top
business leaders, as well as in-depth features on
programmes – both from within Ricardo and other
leading companies.

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

The latest in technology, innovation and sustainability across world industries

Smaller, lighter, faster
It is not only the unusual narrow-front
architecture of Nissan’s ZEOD RD
endurance racer that is revolutionary, nor
even its use of electric power in top-line
motorsport. Details of the ZEOD’s internal
combustion engine revealed by Nissan
show that that, too, is revolutionary – just
as the company had promised.
Bare figures for the gasoline engine
are scarcely credible: it weighs just 40
kg, is compact enough to fit into the
carry-on luggage lockers in an
aircraft, and it develops a
remarkable 400 hp, along

with peak torque of 380 Nm. Its powerto-weight ratio of 10 hp per kilogramme
is better than that of the new
turbocharged engines being introduced
into Formula 1 this season.
Helping achieve those headlinegrabbing numbers is one of the
most dramatic examples of extreme
downsizing yet seen: the DIG-TR has
just three cylinders, displaces a mere
1.5 litres, and only revs to 7500 rev/min.
The engine’s secret is a turbocharger
(though Nissan has yet to give boost
details) as well as low friction, thanks
to a partnership with Total. The unit’s
power, along with that of the electric
motor, is fed to the rear wheels via a
five-speed transmission.
For the 2014 Le Mans 24 hours
the ZEOD will start from Garage 56,
the slot reserved for advanced and
experimental entries. In each hour’s
stint between refuelling stops the
car will complete one lap of the 13.6
km circuit on battery power alone;
remaining laps will be gasoline powered.
In 2015 Nissan plans to enter the FIA
world endurance championship.

Shoichi Miyatani,
president of
Nissan’s Nismo
high-performance
division, holds the
tiny three-cylinder
engine that gives
400 hp

Home-grown trains for London’s Crossrail
The ambitious east-west Crossrail scheme currently under construction
in London will feature trains designed and built by Bombardier in Derby,
central England. The 100 km Crossrail network, 42 km of which is
tunnelled under central London, is Europe’s largest construction project.
Bombardier, the world’s leading train maker, has adapted its
lightweight Aventra platform to suit London’s requirements. The
modular train design allows two or three doors per carriage, as
well as a variety of carriage lengths. Each of the 65 nine-car trains
ordered will carry 1500 passengers and, claims Bombardier, will
be 50 percent more efficient than current technologies thanks to
intelligent on-train energy management systems.
The company is currently evaluating further energy storage
technology which is expected to allow the trains to run for up to 80
km without access to overhead power supplies, thus broadening the
potential network operated. The first trains in the £1 billion order are
expected to be delivered in 2017, with the main 38-station network
running the following year.
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Towards delegated driving
The reality of vehicles capable of
driving autonomously under certain
conditions has come several steps
closer, with important announcements
from Daimler and, in particular,
Renault-Nissan. Carlos Ghosn, CEO
of the Franco-Japanese Alliance,
committed Nissan to marketing just
such a vehicle by 2020 and at this year’s
Geneva motor show Renault will unveil
the Next Two, a version of the electric
ZOE equipped with production-intent
systems allowing a measure of handsfree driving.
In what are called delegated driving
zones the Next Two will offer to take
over control, allowing the driver to relax
and use its extensive communications
systems such as video conferencing
and online bookings. The system will
accelerate, brake and steer the vehicle
and only operates below 30 km/h.
Renault also hopes the Valet Park
function will prove attractive to
customers: this enables the car to find
a parking space in a dedicated car park,
autonomously, and to return to the
driver when summoned. Supplier Valeo

Highlighting the latest thinking in automotive
engineering and technology worldwide

Car dependability declining

For the first time in 15 years cars are becoming less
dependable, according to the latest JD Power survey on
three-year old cars and light trucks in North America. Top
brands for dependability are Lexus, Mercedes-Benz and
Cadillac, while Chevrolet’s new Volt outscored the familiar
Toyota Corolla.
demonstrated just such a system in
September.
Other automakers are working
along similar lines, and of course many
different models already on the market
are capable of parallel parking and
follow-to-stop cruise control operation,
even involving steering in the case
of the Mercedes S Class. A European
research project, dubbed AdaptIVe, has
just been launched. Led by Volkswagen
and bringing together several
automakers, research organizations
and suppliers, it is set to last 42 months
and aims to “achieve breakthrough
advances that will lead to more efficient
and safe automated driving.”

Ford CEO questions cars in cities
Automakers need to think hard about
the future role of cars in cities, warned
Ford CEO Alan Mulally at the Detroit
show in January, stating that Ford
would be seeking to play a bigger role
in public and integrated transport
systems.
Tackling congestion and emissions
in global cities will be as important to
automakers as it is to city planners,
commented Dr Robin Davies, CEO

of consultancy Magma Innovations.
Citing the example of Madrid, which
is overhauling 24 of its major streets
to give priority to pedestrians and
public transport, Davies said that
“only those car companies who
recognize that they have a potential
role in the provision and delivery of
transport as a service and in mixeduse, multi-modal solutions will come
out on top.”

Fuel cells prove cold fitness
Automakers with fuel cell vehicles about
to go into limited production have hit
out against criticisms that hydrogen
systems are unable to cope with cold
conditions. A senior US Toyota vice
president predicted that the company’s
fuel cell models could become as
successful as the hybrid Prius, while
the company itself said that field trial
experience with a fleet of FCHV-adv
models (pictured) in a variety of US
states had revealed no problems even
during the polar vortex cold spell. One

News In brief

user was still getting the full 500 km
range despite ambient temperatures of
-16 Celsius, while another was operating
successfully in the -30 Celsius of
Yellowknife, Canada, Toyota stated.

Batteries in “giant leap forward”

Mitsubishi, Bosch and GS Yuasa have joined forces to
develop and manufacture next-generation lithium-ion
battery technology. The target, says Bosch chairman
Volkmar Denner, is to double battery efficiency so as to
make lithium-ion systems a successful mass market
product by 2020.

Mercedes tilts inwards to corner faster

The new S-Class Coupé from Mercedes-Benz boasts
a further advance on the predictive bump-sensing
Magic Body Control suspension which debuted on
the sedan version last year. The coupé adds a curve
tilting function, which allows the body to lean up to 2.5
degrees into a bend in the manner of a motorcyclist,
skier or powerboat. This, says the company, reduces
the lateral load on the occupants and is active
between 30 and 180 km/h.

Hybrid truck refrigerator saves fuel

Truckmaker Hino and HVAC supplier Denso have
developed an electric refrigeration system for
heavy duty trucks that uses energy recovered from
the hybrid system to operate the refrigerator’s
compressor. The conventional solution is a heavy
and thirsty auxiliary engine. The new system also
includes a standby connection to a 200-volt exterior
supply to keep the truck cargo cool when parked for
extended periods.

Crash test results shock India’s carmakers
Independent tests carried out by Global NCAP have
revealed India’s most popular domestic and imported
family cars to be unsafe, with all five models scoring
zero stars in the 64 km/h frontal impact. Few cars
have airbags as standard in India; VW has now decided
to equip its Polo with twin airbags, and the model was
retested to score four stars. Global NCAP officials
described Indian standards as 20 years behind those in
Europe and North America.

Car manual on a smartphone

Ferreting around in the glovebox in search of your car’s
manual could soon be a thing of the past. Nissan has
developed the iManual app for its new MIcra, enabling
owners to store the entire manual on their smartphone;
owners can even use the phone’s camera to identify
individual warning lights and symbols on switches.
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Renewables recover
momentum
A prototype wind turbine installation using a Formula 1-derived
flywheel energy storage system is one of a series of positive
developments promising to help renewable technologies gain
greater public and official acceptance. Installed by Williams
Advanced Engineering on two isolated Scottish islands, the
flywheel energy storage system will allow local communities
dependent on intermittent wind and solar power to reduce their
use of non-renewable diesel back-up power at night.
In Germany Leuphana University is collaborating with
energy supplier Vattenfall on a compact system which stores
heat through chemical reactions rather than by heating water.
This gives higher energy storage densities and almost no
losses, says the university, which expects to demonstrate a
prototype installation in 2015.
On a broader level the European Commission has announced
an ocean energy action plan, with a strategic roadmap set
for 2016 and industrial initiatives pencilled in for 2020.
Encouragement comes from Scotland, where the universities of
Edinburgh and Oxford have estimated that turbines exploiting
the tidal power between mainland Scotland and Orkney could

generate 1.9 GW – which is more than a Magnox nuclear power
station. Furthermore, a study by Bloomberg New Energy
Finance in Australia shows that the costs of wind and solar
energy generation have fallen by 10 percent and 29 percent
respectively since 2011, and that these energy sources are now
cheaper than new coal and new gas capacity.
“The perception that fossil fuels are cheap and renewables
are expensive is now out of date”, said Michael Liebreich, chief
executive of Bloomberg New Energy Finance.

Le Mans: battle lines drawn
Three major technological players are squaring up for outright victory in June’s
Le Mans 24 Hours classic, with major rule changes (including a reduction of 30
percent in the fuel allowed) threatening to reshuffle the pack.
Audi’s redesigned V6 diesel R18 e-tron quattros will have an extra hybrid system
complementing the existing front-axle flywheel ERS-Kinetic. Harnessing exhaust
energy from the turbocharger, the ERS-Heat system also stores its energy in the
flywheel, from where it can either be fed to the front axle or back to the turbo. The
R18 will also debut laser headlights, with an expected range of 500 m.
Arch-rival Toyota has added an Aisin AW motor generator unit to the front axle
of its contender (the rear unit is from Denso) and relies on V8 gasoline power and
super-capacitors for electrical energy storage.
A new force this year will be Porsche, fielding ex-F1 driver Mark Webber and two
LMP1 prototypes. The Porsche design has a small supercharged V4 direct injection
gasoline engine, battery energy storage and two energy recuperation systems plus
a single “very powerful” electric motor on the front axle. In developing the all-new
LMP1 race car featuring a very efficient, high-performance hybrid drive, said
Porsche, the major challenges can only be solved using innovative solutions.

Clean shipping is a win-win
With new international limits on marine
pollutant emissions due to come into force
in 2015, a recent report suggests that ship
owners would not only reduce pollution
but also save money by adopting more
advanced monitoring methods.
At present, Europe’s system to monitor
ships’ fuel use – and therefore emissions –
relies on bunker delivery notes, which can
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frequently become lost or illegible. Switching
to automated telematics monitoring would
reduce the workload on ship owners, saving
them an estimated £5-9 million a year,
argues Transport & Environment in its report;
it would also provide much more accurate
emissions returns.
This would benefit ship owners financially
as, with real-time fuel flow readings always

available, they would be able to implement
measures at sea to reduce the amount of
fuel being consumed.
Volkswagen, for its part, has signed up
to the Clean Shipping Network and will use
that organization’s Clean Shipping Index
assessment tool to analyse and reduce
the environmental impact of its marine
shipments.

Industry News

Electric buses
gaining ground

Picture: TfL/antrimfj

A £5 million UK government incentive to reduce bus emissions
has enabled the launch of field trials of electric bus technology in
London, Milton Keynes, Nottingham and other cities.
Transport for London is running two 12 m single-decker buses
made by China’s BYD. Operating on two central London routes,
they are averaging 250 km between overnight recharges which,
says TfL, take 5 -6 hours and cost just £20. Running costs are
75 percent lower than diesel buses, says TfL; similar buses in
Quebec, Canada, report the same range on their 324 kWh iron
phosphate batteries.
Bus operator Arriva is collaborating with engineering
consultancy Arup in Milton Keynes, 100 km north of London, to
evaluate wireless charging on an eight-strong fleet of electric
buses built by Wrightbus. Using contactless inductive loop
technology, the compact buses recharge in 10 minutes at either
end of the busy 25 km route as the drivers take their break.

Three dominate
global sales
With sales returns now in for the principal global markets, three
automaking groups from three different continents continue
to dominate the rankings, though the gap between them is
narrowing quickly.
Habitual leader Toyota, which temporarily fell out of favour
in 2011 with its wide-ranging recall action, is back on top, with
its total sales just failing to crack the 10 m units barrier. General
Motors and the Volkswagen group have both made substantial
gains on the back of the expanding Chinese and North American
markets, and are closely matched at 9.7 million units apiece.
Toyota is targeting 10.32 million units for 2014, while VW is
committed to becoming world number one by 2018.
European sales, meanwhile, picked up unexpectedly in
December to reduce the full-year decline for 2013 to 1.7 percent;
VW group brands sold almost 3 m units for a 25 percent market
share, extending its lead over Peugeot (11 percent) and a
recovering Renault/Dacia, on 9.1 percent.
Europe’s top selling model by a substantial margin was the VW
Golf, with over 470,000 finding customers. Next were the Ford
Fiesta (293,000) and the Renault Clio (287,000).

Viewpoint

Has Motor City fixed
its misfire?

Thomas Apostolos –president, Ricardo, Inc.

The City of Detroit may have declared
its bankruptcy, but is there yet
enough evidence to suggest that
Motor City’s exit from Chapter 11
means it is now firing on all cylinders?
On a strictly business level the United
States certainly seems to be on a roll,
sweeping the Big Three along with it. GM,
four years out of its brief bankruptcy,
celebrated its rise in sales with a new
CEO, Mary Barra, and its first dividend
since 2008; Ford, with a double-digit
jump in sales, a hike in dividend and the
gratifying news that CEO Alan Mulally is
to stay on board for a good few years,
is in ebullient mood, too. Even Chrysler
is boasting its strongest performance
since 2007, relaxing in the security that
it is now 100 percent owned by Fiat and
that CEO Marchionne, too, will stay the
course.
All too often, however, the numbers
that please the short-term view of Wall
Street can turn out to be misleading
indicators of the prospects for Detroit’s
longer-term health, in particular its
investment in new products and
technologies. And even in 2013, which
may come to be seen as a watershed
year, it is evident that much of Detroit’s
current success is still related to its
traditional (and traditionally most
profitable) products – the heavy-metal
pickups and light trucks favoured by
everyone from construction workers to
affluent retirees wishing to haul a heavy
boat coast to coast. The Silverado
and Sierra SUVs account for a quarter
of GM’s total sales, while Ford is even
more strongly dependent on its famous
F-Series pickups, which take one in
three Ford-brand sales. At Chrysler, too,
the Jeep and Ram Truck brands alone
attracted almost a million customers
in 2013.
The question to ask is this: does
this upturn in Motor City’s fortunes
represent a permanent improvement
to a more sustainable business
model, or is it simply a cyclical trick, a
happy coincidence of rising incomes,

low interest rates and a relaxation in
the upward trajectory of fuel prices,
always a key determinant in the sales of
these gasoline-hungry vehicles?
Statistics for the year show that in
many cases the gains for the big trucks

The question to ask
is this: does this
upturn in Motor City’s
fortunes represent
a permanent
improvement to a
more sustainable
business model, or is it
simply a cyclical trick?
came at the expense of smaller cars as
well as certain import brands, providing
some evidence to suggest that the heavy
iron has once again ridden in to Detroit’s
rescue. But there is even stronger
evidence that those trucks themselves
could be becoming more sustainable
and thus less vulnerable to fluctuations
in fuel prices. Ford’s F-series pickup is
the biggest-selling single model in North
America and its 2015 re-launch is a
bold move: by switching its structure
from steel to aluminium it becomes
dramatically lighter and considerably
more fuel efficient. This radical
modernization will enable it to comply
with the increasingly stringent CAFÉ rules
that will kick in from 2017, ensuring that
Ford’s big pickups can remain a part of
the American way of life for a long time
to come.
In industrial terms Ford’s move with the
F-series is probably the most significant
advance ever for aluminium construction.
How quickly its competitors follow suit will
be an indication of their preparedness for
the new and truly efficiency-conscious
age we are about to enter.

RQ • Q1 • 2014

7

Interview

INterview

Strategic thinking,
Volvo style
Four years into its ownership by China’s Geely
Automobile Holdings, Volvo has revealed
comprehensive strategies for both powertrains and
body architectures. Tony Lewin asks Derek Crabb, the
company’s head of powertrain engineering, how Volvo’s
new-generation models will meet the tough emissions
standards set for 2020 and 2025

You have developed a new family of four-cylinder
modular gasoline and diesel engines. How much of the
architecture is shared between the two?
You can quote some figures, but they’re somewhat irrelevant.
If you look under the block, the bedplates and so on, those
are all common components, and the block is very similar
between diesel and gasoline. But what matters is that the
block [manufacturing] line is the same: all the money goes
into the machining. If you can commonize the manufacturing
it means your investment is under control: if the market
shifts between gasoline and diesel it has no effect on you as
a supplier. There are slight differences between the diesel and
gasoline castings but we would have to have several sets of
casting tools anyway, just because of our volume.
You have gone for a displacement of two litres. This doesn’t
seem to be following the trend towards downsizing. Why?
What we are launching right now is a two-litre family,
with a 91 mm bore centre. That gives you four levels of
turbocharging and eight engines in total – four gasoline and
four diesel. You mention downsizing. What’s wrong with taking
a cylinder off? If you look at our history, we have done six, five
and four cylinder engines out of the same plant, so modulizing
in this sense isn’t new to Volvo. But being so specific about
just two litres and four cylinders is very new to us.
On the diesel you have gone to an industry-leading injection
pressure of 2500 bar and your supplier Denso is also
developing a 3000 bar system. What would you gain with the
higher pressure and high pressures in general?
[Denso’s] i-ART is one of the technologies we can use. We can
put injection pressure up on the diesel; we can put variable
valve timing on the gasoline. The architecture is flexible to
take all of those. When you push the pressure up you do two
things: first of all, the atomization is so much better and you
get better combustion – that’s the obvious one. The less
obvious one, probably, is that by pushing the fuel in faster you
can get more fuel in – and you can do two things with that.
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You can get more power, or you can have a very controlled
sequence of events. You can have nine specific events, so as
you start to go into combustion you can put a little bit of fuel
in – or three little bits of fuel – to dampen down that diesel
knock, or you can put in several events after combustion:
you can put some more fuel in to manage your catalyst. By
pushing pressure up you’ve got much more control over those
events.
How many of the nine available injection events are you
currently using?
We’re only using seven at the moment. We’re building in lots
of capacity in our engine for future development. We know we
will get much more development out of the i-ART injection; we
know we will get a lot more development out of the gasoline
engine.
Will the new-generation of diesel injection produce a
noticeable difference in terms of NVH and refinement?
The Volvo engines show a big, big difference. The key one for
me is around the idle point, where so many customers spend
so much of their time. That has to be brought down to a
more refined level. When you are driving or cruising you want
almost zero noise, so that has to be improved. The diesel’s
power delivery has to be smooth, with effortless torque. We’re
now taking a big step on refinement, particularly on the four
cylinder.
In the idle condition the i-ART injection’s feedback loops
make sure that each cylinder provides exactly the same
contribution to the overall effort. Does this make the engine
noticeably smoother?
Yes. When you’re at full throttle you’re pushing lots of fuel
through and it’s easy to monitor. At idle it’s the opposite: you
want virtually no fuel, just a drip to keep it running. It’s very
difficult to be so precise, and that’s exactly where i-ART has
to work, to make sure the variability is contained.

Interview

Does this help with the exhaust aftertreatment
and reduce emissions?
Yes, using those nine (or seven as it now is) parameters
you can control all of those things. In terms of emissions
legislation, previously we used to have to cater for engines
getting old, so we’d need a tolerance for that, and we’d also
need to allow for variability from engine to engine; this meant
we would aim for 80 percent of the limits, and that’s what
we would tune to. In making that compromise you lose fuel
economy. If on the other hand you know the system is going
to take care of itself you can go to, say, 90 percent of the limit.
With diesel engines, if you can accept more NOx you can have
better fuel economy. By removing that 10 percent we can get
percentages of fuel economy out of the engine calibration.
That’s what we’re doing now.
So have you gone for extreme economy in the first instance?
With i-ART you can play it whichever way you want once the
algorithms are in there, saying what the combustion is doing.
You could push the performance much harder because you
have much more control over the fundamental system of
the engine, which is the combustion. The issue now is more
how you get rid of the heat from the combustion chamber
surrounds, with injectors coming in, with the four valves and
everything else.
What would you gain by going to variable valve
timing on the diesel?
I’m not sure how much you would get on a diesel. You’d certainly
get some improvement in emissions; you could probably
improve your NOx treatment, though not the NOx generation.
How are you dealing with the issue of particulate
matter (PM) on the gasoline engines?
Our high performance gasoline has a supercharger and
a turbocharger and gives 225 kW (306 hp). It uses a
straightforward Denso direct injection system. PM emissions
are not an issue at the moment, but as we move through
Euro 6 we will have to add more control. Depending on how
the legislation plays through, in common with the rest of the
industry we may have to add a particulate filter.

How much of the software is common to both
gasoline and diesel?
They have the same software. Most of the software on an
engine is very little to do with the pure engine: it’s to do with
the adaption to the vehicle, the torque control – all that
package is common to both diesel and gasoline. I’ve got 300
engineers working on pure software, so having this massive
commonality is as valuable to me as having commonality on
other parts. Having this commonality is massively important
to us: you just have to do a diesel or a gasoline calibration –
though [of course] it’s not quite a simple as that.
Is this the first time you have achieved this level of
software commonality?
Yes, it’s a first for Volvo. We’ve previously had two suppliers
of fuel injection systems, one for diesel and one for gasoline.
Each supplier has their own way of doing software and
algorithms. Having one base – in our case Denso – makes
my life so much simpler. Denso provides the platform and we
from Volvo put in our algorithms, our control packages.
You have been working with flywheel kinetic energy recovery
systems (KERS) on the rear axle. What are the prospects of
this KERS for a production application?
We’ve got cars running with flywheel KERS. The issue with it is
this: it delivers what we anticipated, but Volvo is never going
to manufacture the system on its own. What I would like is for
a supplier to come along as say ‘we will manufacture these’,
with Volvo and other automakers taking agreed quantities.
Then there will be a business case in it. We need somebody
to stand up and take the technology from us. I’m clearly

“The diesel’s power delivery has to
be smooth.... We’re now taking a big
step on refinement, particularly on the
four cylinder”
Volvo Concept XC Coupé
displayed at Detroit
show demonstrates
the new Scalable
Product Architecture
which will underpin all
next-generation Volvo
models starting with
the new XC90 later
this year
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Volvo’s new Drive-E
engines have strong
commonality between
diesel and gasoline,
with most software
also shared. Highperformance gasoline
unit (below) uses both
turbo and
supercharging

talking to other manufacturers to see if that’s feasible. We’ve
developed it and it works, but I’m not spending any more
money on it until someone says ‘yes, we will work with you’.
How likely is the flywheel be included in your
range of hybrid solutions?
It may just possibly be one of them. We’re pushing clearly on
plug-in hybrids, and the diesel hybrid is selling very nicely:
we’re making money on it, and the volumes are going up and
up. You may say it is pricey, but there are certain markets like
the Netherlands where the incentives are so good that price
becomes only part of the equation.
You have moved to an eight-speed automatic from Aisin.
Did you consider nine speeds or more?
We’re promoting eight speeds, others promote nine. I think the
number of speeds becomes a little bit irrelevant: what we want is
the range. If the engine is going to operate at its optimum for so
much of the customer driving [time] the range has to be in that
gearbox. So we went to Aisin and discussed what would be the
optimum for our package and we came up with the eight speed.
We did look at the ZF nine-speed, but we’ve worked with Aisin for
35 years now: we have an incredible quality record with them and
share lots of software. So this is the route we went down.
You will offer a six-speed Aisin too. Does this mean
you have given up on dual clutch transmissions?
We are still selling DCTs on some of our models, but [with our
new architectures] we are doing an eight-engine family and,
rationalising back, we knew we couldn’t do every gearbox. We
looked at DCTs and conventional automatics and what we
saw was that the US weren’t sure about DCTs at that time.
We also saw that automatics with very aggressive lock-up
technology could probably get the fuel economy figures of a
DCT. Therefore our thinking was that if we’re only taking one
gearbox, it should be a standard automatic and we should
drive really hard on the lock-up. But when we move into other
markets, go three cylinder and start building in China, the
DCT question will come back again. DCTs are moving forward
pretty dramatically at the moment.

In terms of cost, how does a DCT compare with
conventional automatics?
It’s cheaper than an eight speed, but not cheaper than a six
speed.
The new international test cycle is now being discussed:
how will it affect your CO2 results?
I don’t see it as an engine technology problem: the cycles
are supposed to represent what the customer does. I’m not
worried about that, and I’m sure that as the cycles come in
[and are confirmed] we’ll all know how best to calibrate for
the cycles. The issue that worries me more is that the cycles
are physically longer in their test sequences. All my vehicle
emission test facilities are working flat out at the moment,
and behind the few minutes in the test cell you have to rig the
car and do a lot of other stuff, including a 24-hour soak prior to
running on the rig. If that cycle suddenly becomes 100 percent
longer, all that balance is going to be disturbed and I’m going
to be buying a lot of extra test equipment – as will BMW, as
will Mercedes. The test equipment manufacturers won’t have
enough capacity to give us any. It’s more about the logistics of
making the change than the technology to deliver it.
Will the new cycle still show hybrids in such a favourable light?
I think it will generally correlate better with real road
[experience]. Our customers deserve that.
Is Volvo on target for meeting the 2020 corporate average
CO2 emissions standard?
Yes, we’re going for 95 grammes – and don’t forget that
although the legislation is there, what is driving a lot of the
development is pure competitive pressure. Everyone is leapfrogging one another to produce the best fuel economy, and
that’s more aggressive than the 95 grammes is in my world at
the moment.
And looking ahead to future CO2 standards?
We’re so close to meeting the 95 grammes for 2020 that I
have no worries. 2025 is more of an issue: this is [likely to be]
75 grammes, and that will be a game changer in my book.
For me, 75 grammes will mean lightweight architectures and
major elements of electrification.
Derek Crabb, vice president of powertrain engineering,
Volvo Car Corporation
1998		
1984		
1982		
1979		
1975		
1970		
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Joined Volvo
Joined Rover, becoming director of powertrain
Lotus Cars
Rolls-Royce/Bentley
Imperial College, London
Perkins Diesel engines

Off highway emissions

Certification

challenges

For the development of its latest off-highway diesel engine, Doosan
Infracore called on expertise at Ricardo to help achieve Tier 4 final certification.
John Challen details highlights of the development programme, along with
the innovative approaches used to reach its targets
In recent years, successive rounds
of increasingly stringent exhaust
emissions regulation have come into
force in the international off-highway
equipment sector, leading to the need
for more sophisticated engine and
aftertreatment technologies. Over the
same period, engine manufacturers
have been responding to increasing
customer demands for improved
transient performance and power

density as well as for reduced total
cost of ownership – not least through
improved operating fuel consumption.
The two stages of Tier 4 regulations
– interim and final – require different
technologies to be used by the OEMs
in order to reach the revised NOx
limits. For Tier 4 interim, lower NOx
emissions limits (2 g/kWh) are typically
met by adopting cooled exhaust gas
recirculation (EGR), or selective catalytic

reduction (SCR) aftertreatment,
whilst the use of diesel particulate
filters (DPFs) helps reduce particulate
matter (PM) to the levels demanded by
legislation. For Tier 4 final, however, the
challenges are even greater: the upper
NOx limit has been set at just 0.4 g/
kWh, forcing manufacturers to look at
a combination of both cooled EGR and
SCR, whilst retaining the DPF.
Korea’s Doosan Infracore, which
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plans to be one of the world’s top
three construction equipment and
machine tool companies by 2020, took
the decision to work together with
Ricardo’s heavy-duty engines group
to develop its existing Tier 4 Interimcompliant engine. Ricardo’s approach to
meeting Tier 4 Final compliance meant
adopting innovative technologies and
demonstrating alternative approaches
to the traditional route taken to achieve
the new targets. Chiefly, the main
differences were the deletion of the DPF,
and the adoption of a patent-pending
ultra-low soot combustion system from
Ricardo.
“The DL06 Tier 4 final engine is
applied in the primary excavator models
of Doosan Infracore,” explains Seyoung
Kwak, senior vice president, corporate
R&D division, engine development of
Doosan Infracore. “It is used to power,
for example, our 14-25 tonne excavator
and wheel loader ranges and our 10-15
tonne fork lift products. As a 6-litre class
engine, the DL06 is main force of our
engine business, and we are targeting
biggest markets for construction
equipment in the world; it will be sold in
North America and Europe as well as the
Korean and other overseas markets.”
Ricardo’s Andrew Noble, head of
heavy-duty engines, takes up the story:
“We started with a 5.9-litre engine
delivering 138 kW. The base Doosan
DL06 in-line six-cylinder heavy-duty
turbocharged and aftercooled diesel
engine is used in both on-highway and
off-highway applications and features
a four-valve combustion chamber
cylinder head, with a central vertical
injector location and high-pressure
(1800 bar) common-rail fuel injection
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system. Other specifics of the engine
were maximum torque of 805 Nm, a
wastegated turbocharger and an air-air
aftercooler. Like many manufacturers,
Doosan used external cooled EGR on
the DL06 because it did not require any
additional actions from the machine
operator, such as refilling the liquid urea
reductant tank. For EGR engines, the
exhaust emissions certification test
procedures required manufacturers
to apply significant amounts of EGR at
high loads, and from medium up to rated
speeds.”

Typical applications

Typical off-highway applications for the
engine – which went into production in
2005 and was originally certified to meet
Tier 3 exhaust emissions standards – are
the excavators and wheel loaders made
by Doosan Infracore. The Tier 4 interim
variant of the engine was used by Ricardo
as the basis for the development of the
Tier 4 final version. To give some idea
of the scale of the challenge faced by
the Ricardo/Doosan team, Tier 4 final
emissions limits require a further 80
percent reduction in NOx from those of
Tier 4 interim. To achieve low engine-out
NOx levels (below the equivalent of 1.0
g/kWh) would require very high rates of
EGR (over 30 percent), meaning so much
intake air flow would be displaced that
either the engine must be de-rated, or a
more advanced boosting system fitted.
Adding SCR to meet Tier 4 final exhaust
emissions limits adds considerable cost
to engines, especially those already
using cooled EGR; so too does the diesel
oxidation catalyst (DOC) required for
DPF Tier 4 interim. In addition, many
off-highway machines have only a very

limited space available to accommodate
further potentially bulky exhaust gas
aftertreatment systems.
“The Ricardo approach was to firstly
go in what might be seen as the ‘wrong’
direction, by removing the DPF because
we were going for a no-DPF strategy
with clean combustion,” recalls Noble.
“This led to the emissions levels initially
going up, but then we reduced the EGR
rate, which pushed the NOx levels in the
wrong direction, too. Then we applied
the Ricardo patent pending Twin Vortex
Combustion System (TVCS) low-soot
combustion system which made dramatic
reductions in PM enabling the engine to
meet the target, and finally introduced a
high-efficiency SCR system to achieve
the NOx target. The end result was
achievement of the Tier 4 final emissions
targets with a good engineering margin
and improvement in fuel consumption
compared to the Tier 4 interim engine”
As an alternative and more costeffective answer to meeting Tier
4 final, Ricardo’s work on its low
engine-out soot emissions solution
enabled the DPF to be eliminated from
the powertrain package. “We started
research in this area in 2007 when
we built some CFD models of the new
combustion concept,” explains Noble.
“The predictions we got for how low the
soot would be were so different to what
was expected that people thought we had
got something wrong with the model, but
we re-ran the program and the predictions
were correct. The resulting TVCS
combustion system allows us to remove
the DPF from the setup and still reach the
particulates target.”
In actual physical testing of the
Doosan DL06 engine, however, there were

The DL06 Tier 4
final engine (below);
VECTIS model used
to develop the high
efficiency SCR
system (above/
right); WAVE model
of engine, intake
and exhaust and
aftertreatment
system (above/left)

Off highway emissions

hurdles that Noble and his team had to
overcome: “When we built and ran the
system, we found that the engine-out
particulate was higher than we would
have liked,” he admits. “There was a lot of
oil-derived content in the soot – not just
carbon but also oil and nitrates (from the
aftertreatment). But with the use of the
DOC it reduced the content, and the net
result was that the particulate levels met
the target.”
The majority of the base engine
components were left relatively
unchanged from the Tier 4 interim engine,
with just small alterations to the rated
speed and load, explains Noble. “What
we did change, however, made a big
difference in the performance of the unit,”
he adds. “People thought that to meet
our targets we would have to increase the
common-rail system pressure, to 2000
or 2400 bar, but we were successful with

Development
taken to another
dimension
Essential to the success of the
programme, says Andy Noble,
were Ricardo CAE tools used by
the development team on the
Doosan engine project, with 3D CFD
models of combustion chamber,
aftertreatment and mixing helping
to avoid expensive development
time and costs. Extensive use of the
Ricardo VECTIS package was made
in the development of the TVCS bowl
design, for example, specifically
when the team was seeking to
increasing the swirl ratio.
Elsewhere, the company’s
WAVE performance simulation
software was crucial in supporting
the specification of a revised
turbocharger and a lower capacity
EGR system. Test data from the
previous Tier 4 interim engine was
used to validate the WAVE model,
which was then further modified
to compare various turbocharger
matches and EGR system layouts.
Another component to be
subjected to development using
WAVE was the single-entry turbine
used on the six-cylinder DL06,
virtual investigations also being
made into the effects of using
twin-entry turbine housings and
tandem EGR circuits. In particular,
it was determined that this layout
had lower peak-to-trough pressure
differentials in the EGR circuit.
Lower differentials resulted in a
more even rate of induction of EGR
into the intake system.
Further simulations
demonstrated that the differences
in transient response between
builds with single-entry and twinentry turbines were very little at
the higher engine speeds typical of
applications such as excavators and
loaders. A 3D VECTIS model of the
layout of the EGR induction point
and the inlet manifold of the Tier 4
interim engine were constructed
to assess and optimize the EGR
distribution in the intake air.
If the incorporation of the ultralow soot combustion technology in
the form of the Ricardo TVCS was
one of the key innovations of the
latest Tier 4 final DL06 engine, a
second important advance was the
high-efficiency SCR system.
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Off-highway emissions
challenges
The onset of legislation such as Tier 4 final and
Euro 6 is an issue for the entire heavy-duty diesel
engine industry but, as Ricardo’s work with Doosan
illustrates, different approaches can be taken to
achieve success. “There are effectively two strategies
that manufacturers are pursuing for Tier 4 final and
Euro 6, which are both similar in their requirements,”
says Andy Noble, head of heavy-duty engines at
Ricardo. “One is the use of a high-pressure common
rail, with a turbo system, depending on what rating
you’re looking at.”
“The alternative approach for Tier 4 final, of deleting
the EGR, which pushes the NOx up, aims for a very high
efficiency conversion system – 95 to 96xxxxxxx
percent or
higher,” continues Noble. “The SCR element means
you need to pay more attention to getting optimum
mixing and thermal management, and to be careful
about the formulation of the catalyst. There are
certain measures you can take in order to raise the
temperature of the exhaust system – and overall
efficiency of the aftertreatment system – but this
approach is possible and commercially attractive.”
Noble says he sees parallels between how SCR
systems are currently viewed, and the scepticism
of some towards those who were trying to meet
emissions standards with three-stage catalysts in
the mid-1990s. “A conversion rate of 95 percent and
higher, using SCR systems, is achievable with clever
engineering,” he explains. “But there is a price to be
paid, because while a high-conversion catalyst allows
you high engine-out NOx – which is helpful for fuel
economy – the approach comes with the additional
cost of urea consumed.”
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1800 bar. If we were looking at an engine
with 150 kW or more, higher pressures
would have helped, but the key is having
very clean combustion. That – and the
application of an efficient SCR system –
are the two key technology steps that we
made.”

Twin Vortex: core
technology

Noble explains the workings of the TVCS,
which is the core of Ricardo’s low soot
technology: “It is called Twin Vortex
because it takes the fuel spray and, unlike
a conventional system, which has a reentrant bowl, we split it into an upper and
lower vortex. That configuration gives a
more uniform air-fuel ratio mixture for
the whole combustion space, and a much
lower particulate output from the engine.”
Because the DL06 piston had a
relatively low compression height, the
design of the piston bowl had to be
adapted in order to maintain adequate
undercrown metal thickness. A typical
Ricardo TVCS piston bowl might have an
aspect ratio (diameter at re-entrant lip to
maximum depth ratio) of around 2.5, but
the bowl designed for the DL06 Tier 4 final
had an aspect ratio closer to 3.4. There

Powering products such
as the DL250 wheel
loader (below), the latest
Doosan Infracore DL06
engine achieves Tier 4
final compliance
without the need for
a DPF; a DL06 engine
on test at Ricardo
(opposite page)

were concerns that such a shallow bowl
may be more sensitive to differences in
nozzle cone angle and protrusion; however
these concerns proved to be insignificant.
“With a fixed configuration of the
bowl, and we tried small variants of the
injector nozzles and confirmed that the
best ones were getting very low soot
ratings,” says Noble. An adequate inlet
swirl ratio is required in the TVCS for good
air-fuel mixing. Higher than necessary
inlet swirl ratios can lead to a small fuel
consumption penalty due to heat losses,
but a low inlet swirl ratio can result in
higher soot emissions at some operating
points. For the Doosan DL06 engine, the
swirl ratio was slightly increased in order
to ensure good mixing with the wide
combustion chamber.
For the DL06 engine’s SCR system, a
copper-zeolite unit with an upstream DOC
to generate nitrogen dioxide from engineout nitrogen oxide was selected. Noble
says that this type of SCR system was
selected because it has high conversion
efficiency from moderate temperatures,
enabling effective NOx conversion from a
wider range of exhaust temperatures.
The challenge for the SCR system for
the Tier 4 final engine was that it would

Off highway emissions

“The Ricardo approach was to firstly go in what
might be seen as the ‘wrong’ direction, by removing
the DPF because we were going for a no-DPF
strategy with clean combustion”
Andrew Noble, Ricardo Head of Heavy-Duty Engines
need to fit into the space vacated by the
DPF of the Tier 4 interim engine. The space
restriction limited the maximum crosssectional area of the cans. A number of
alternative configurations were proposed
before it was decided that separate cans
should be used to house the DOC and SCR
catalysts, with a transfer pipe and urea
mixing tube. This resulted in a narrow
package, suitable for the space in the
machine, but with reasonable SCR urea
mixing length.

Maximum effectiveness

In order to maximize the effectiveness
of the SCR catalysts, the target was
to mix the urea homogenous with the
exhaust gases, and to generate an even
distribution of the gases across the
full front face of the catalysts. Ricardo
VECTIS 3D CFD simulations were used
to further refine the details of the SCR
system package, including the location of
the urea doser, the position of the mixing
device downstream of the doser, and the
configuration of the inlet pipe to the SCR
system.
At the conclusion of the project the
team was able to prove that it was
possible to achieve Tier 4 final emissions
levels with a combination of TVCS and
an efficient SCR strategy, and without
the need for a DPF. Ricardo now plans to
continue to develop this patent-pending
technology further, in order to achieve
even lower engine-out emissions, while
still maintaining the original or required
power outputs.
Doosan, meanwhile, was delighted
with the programme, and is now on track
to reach its goal of becoming one of the
market leaders in its field: “Achieving the
Tier4 final emission standard without DPF
was a challenging task in a non-road heavy
duty engine,” says Doosan Infracore’s
Seyoung Kwak. “We reduced PM with
Ricardo Twin Vortex Combustion System
and the successful collaboration between
the Doosan and Ricardo team met the
Tier4 Final emission standard target
with only an SCR system. Furthermore,
the outstanding fuel efficiency and
performance of the DL06 engine have
received favourable customer reviews.”

Comparison of technologies applied to Tier 4 interim and Tier 4 final DL06 engine
Model

Tier 4 (interim)

Tier 4 (final)

Cylinder layout

4 valves per cylinder
Re-entrant piston bowl

Slightly increased inlet swirl
Revised low soot piston bowl

Aspiration

Watergated turbocharger &
air aftercooler

Similar configuration to Tier 4i
Updated turbocharger spec

Fuel injection
system

Common rail (1800 bar)

Similar configuration to Tier 4i
Updated nozzle spec

Cooled EGR

20% - 27% at full load
(large EGR cooler)

15% - 18% EGR at full-load
Down-sized cooler

DOC

For oxidation: HC & exotherm
For N02 passive soot re-gen

For oxidation: HC, CO, oil (PM)
For N02 formation for SCR

DPF

Required for PM reduction

Not required

SCR

Not fitted

Required for very low N0x
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completing the
With rising commodity prices and a growing scarcity of raw materials, it is
small wonder that industry worldwide is adapting to a new business model
– a holistic model in which what used to be seen as waste is now viewed as
a potentially valuable resource. Anthony Smith reports
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The days of plenty are over: there can
be no doubt that the phenomenon of
ever-decreasing raw material prices
seen throughout much of the twentieth
century is now well and truly behind
us. Almost as if triggered by the start
of the new millennium, the prices of
commodities that form the basis of
industrial production – from the crude
oil feedstock of the energy sector to
the rare earth elements required for
the manufacture of so many of today’s
consumer electronics products –
have fluctuated widely on a generally
increasing upward trajectory.
This new reality of resource scarcity
and rising prices has come on top
of a significantly longer term trend
of increasing public and political
awareness of the need to protect the
environment for future generations.
Together, these megatrends are leading
to something of a radical rethink of the

processes that underpin the modern
industrial economy.

From a linear to a
circular model

Since the dawn of the industrial
revolution, products have been
designed, manufactured, distributed
and used by consumers following a
generally linear process. In order to
create the manufactured goods that
modern society demands, energy
deposits in the form of coal, oil and
gas, plus other raw materials including
metals and other minerals, have been
extracted and used by industry along
with organic consumables such as
farm and forestry products. The wastes
from these manufacturing processes
– be they the steam, heat and smoke
from the stack or the residue of the
production process – would simply be
discarded into the environment through

the atmosphere, water courses and
landfill.
With the twin drivers of concern for
the environment and the need to secure
resources for future production now
acting to reinforce each other, industry
is increasingly moving to a circular
model. Rather than simply focusing on
production, this model sees the use
or consumption of products as merely
part of an on-going cycle – a holistic
cycle in which the waste materials from
production as well as end of life disposal
are seen in themselves as a source of
potentially valuable material for future
production.
Dr Adam Read leads the RicardoAEA Resource Efficiency and Waste
Management practice, and is a firm
proponent of the circular economy.
“My team has been active in this field
for around 40 years, starting from
the oil price shock of the early 1970s.
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The Ricardo-AEA Resource
Efficiency and Waste
Management practice
One of Ricardo-AEA’s longest standing businesses, the
Waste Management and Resource Efficiency practice
was formed in the 1970s as a result of industry
demands for services in this area following the oil price
shock. Now, headed by waste industry expert Dr. Adam
Read, the team comprises approximately 85 staff
split approximately equally between classic resource
efficiency, resource management, supply chain
optimization (including water resource management),
and waste management consultants.
The practice’s customers are drawn from across
the industry – from the public sector in the form of
municipal authorities and Government Agencies
including WRAP (Waste & Resources Action
programme) and Zero Waste Scotland (ZWS),
as well as waste management and reprocessing
organizations, and commercial companies from all
industrial sectors aiming to improve the resource
efficiency and commercial sustainability of their
value chain. The practice’s customer base is strongly
international, too. For example, in August 2013
the practice announced a major contract with the
ArRiyadh Development Authority to support the
development of an integrated waste management
strategy that aims to help inform the policy direction
for the Saudi Arabian capital over the next two
decades.

With commodity
prices rising and
resources becoming
increasingly scarce,
products such as cars
are increasingly being
designed for end of
life recycling
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In contrast to our work in fields such
as air quality, for most of this time
the focus has not been driven by
regulatory compliance but instead by
hard economics. We help industrial
companies, municipal governments
and waste processors to improve
and optimize everything that they do
concerning materials. In essence we
help each of these organizations to
analyse their entire business process,

examining what they are doing, what
they buy and what comes out in the
form of waste. From this analysis
we can make recommendations and
help with implementation plans that
aim to reduce waste and improve the
level of recycling. The motivation of
our customers is quite simple and
commercially hard-headed: to make
money and to secure future resources.”
This commercial focus for waste
management and recycling is a
relatively new development: it arises
from the fact that that what little
regulation there has been in previous
decades has tended to focus on the
licensing of disposal sites and ensuring
that the collection, processing and
disposal of waste is done in accordance
with minimum statutory standards
– something that local authorities
have been focused on with household
generated wastes for over 100 years.

The growth of recycling

In parallel with continuing restrictions
upon the transnational export of waste,
there have been increasingly stringent
targets for industrial and domestic
recycling across Europe since the mid1980s. “Initially this regulatory move
was largely in response to the limited
space available for landfill,” continues
Read, “but more recently the political
imperative has been in support of
climate change objectives. As economic
drivers have also kicked in, however,
manufacturers and waste processors
are recognizing that materials that
previously might have been discarded
as waste potentially offer them a much
easier pathway to securing resources
needed for the future.”
If the potential difficulty in obtaining
future raw materials makes recycling
a commercially attractive option, so

too does the increasing cost of the
alternative: disposal as waste. Read
explains: “In the last decade the tax
applicable to landfill in the UK went from
£7 per tonne in 1996-97 to £72 today,
so if you’re in a business that produces
a large volume of waste and you are
not sensitive to this trend, you will not
remain in business for very long.”
“There is much talk about
sustainability these days, not just in
terms of the environment but more
commonly concerning business
operations,” he continues. “In our view
a true test of sustainability is whether
a business will still be going and still
operating profitably in ten or fifteen
years’ time. In the current climate that
means a business that thoroughly
understands its resource risks, market
trends and costs of waste treatment. The
aim of our practice is to help businesses
and other organizations to understand
the risks and costs associated with
their waste management operations,
identify potential opportunities for
material substitution and recycling, as
well as in cutting the costs of their waste
management.”

To separate or to
commingle?

Municipal recycling has become an
increasingly industrialized process
across Europe, yet over the past decade
it has been marked by a fierce debate
over whether the process should
be implemented on the basis of the
householder separating materials at
source – e.g. into plastics, glass, paper,
metals – or the alternative of mixed
(commingled) collection. As we explain
below, municipalities that rely on mixed
collections generally achieve much
higher rates of collection but, rather
than being able to put the materials
directly into the onward supply chain,
they have instead to ship them to a
materials recovery facility (MRF).
“The technologies deployed in
a modern MRF can be extremely
impressive, with separation carried out
on an industrial scale,” continues Read.
The automated and semi-automated
sorting processes can be extremely
sophisticated, including for example
the use of optical systems segregating
the various grades of plastic in terms of
their refractive index. Other laser-based
systems will instead sort by material
density, and paper recycling techniques
can automatically sort cardboard,
magazine and newsprint into their own
separate recycling channels.”
But while there are some extremely
impressive technologies being applied to
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“The technologies
deployed in a
modern MRF can
be extremely
impressive, with
separation carried
out on an industrial
scale”
Dr Adam Read,
Ricardo-AEA
Resource Efficiency
and Waste
Management

the automated sorting of commingled
recyclate, issues of contamination mean
that in addition to increased processing
costs, a wastage rate of in the region of
10 percent of the collected material is
to be expected. As a result, the market
value of the end product can be less
than that obtained from a cleaner
segregated collection.
“Commingled collection almost
universally results in a much higher level
of recycling by individual households
as it is easier for the public,” says Read.
“However, there is a very strong counterargument that due to the crosscontamination and process wastage,
segregation is a more appropriate
and cheaper solution. Moreover, the
approach of at source separation offers
greater potential for the recovery of
organic wastes for composting and
energy recovery such as through
anaerobic digestion.”
In practice, says Read, Ricardo-AEA
advises its local authority clients on
the approach that is likely to be most
effective for each individual location; in
general this will tend to be commingle
collection in inner cities and separated
collection elsewhere. “We can then
work with their downstream processor
partners to ensure that the available
materials are exploited as effectively as
possible,” he adds.

Infrastructure gap

According to a recent report carried
out by the Resource Efficiency and

Waste Management practice team, led
by Read, for the Chartered Institution
of Wastes Management, the UK waste
processing industry has something
of a golden opportunity. While the
recent industry consensus thinking has
been that there is sufficient capacity
for future needs, the report clearly
indicates an emerging 15 million
tonne annual shortfall in available
infrastructure from 2020.
“While we believe that capacity within
the municipal market is indeed sufficient
to meet supply, the commercial market
is broadly speaking twice its size
and has not been given equal focus,”
explains Ricardo-AEA’s Adam Read.
“For this reason we believe that there
is a huge opportunity for investors to
exploit the additional material stream
– and that is something that we as
a consultancy can help with, from
assessing local feedstock markets,
to undertaking competitor analysis or
supporting contractors when bidding for
feedstock contracts..”

Waste mining

With today’s focus on implementing
efficient recycling processes in both
the municipal and commercial markets,
there is perhaps very little of value in
terms of materials that is still directed
to ultimate disposal in landfill sites.
However this has not always been
the case, so is there an opportunity
to extract resources from previous
generations of landfill?

The Essex Waste Partnership
Ricardo-AEA has worked with the Essex Waste
Partnership for the past ten years, assisting with the
planning and implementation of waste management
and recycling policies and services. Situated to the
east of London, the county of Essex comprises rural as
well as medium-sized town and city environments. The
aim of the Partnership is to reduce and reuse as much
waste as is physically possible. Despite these efforts, it
is predicted there will still be around 377,000 tonnes of
household waste each year which cannot be recycled.
In an area with a strongly anti-incineration policy,
the Partnership sought a more innovative technical
solution that would address its environmental and
recycling requirements while also being politically
acceptable.
Ricardo-AEA assisted with the specification and
design of a mechanical-biological treatment process
to treat kerbside-collected residual waste, trade
waste collected by the local Essex authorities, street
sweepings, and all non-recycled waste from recycling
centres for household waste across the Partnership
area. A new facility is currently under construction
and will be capable of treating up to 417,000 tonnes
of municipal waste a year. The output of this facility
will include fuel pellet production which can be
subsequently used in industrial processes to offset
fossil-fuel-derived energy, hence further reducing
their carbon footprint.
As well as treating waste, the new facility will
incorporate a visitor and education centre for the
benefit of the wider community. In future phases
of work, Ricardo-AEA will help the Partnership in
examining the feasibility of developing a further
stream of energy production via anaerobic digestion.
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Helping Johnson Matthey with
sustainable procurement
Johnson Matthey (JM) is an international speciality chemicals company with
extensive global operations involving catalyst design and manufacture and
specialist chemical and metal refining and manufacture. Ricardo-AEA has
worked with Johnson Matthey for a number of years on the development of its
carbon management programme, including development of a carbon policy
and management strategy. JM felt that an opportunity for more focused
activity on sustainable procurement presented itself and was something
that would fit well with the organization’s broader sustainability programme,
which included in-house training and mentoring activities.
A bespoke workshop event was developed to engage the Johnson Matthey
procurement team and empower them to deliver on their commitment to the
company’s Sustainability 2017 Vision. The workshop was divided into four
thematic areas: sustainability and the role of procurement in driving forward
this agenda; drivers, impacts and actions; prioritising for improvement; and,
finally, action planning.
At the conclusion of the workshop a list of key actions was drawn up from
ideas developed and presented during the day. The actions covered local sitespecific actions as well as those to be progressed more strategically within
the company. These actions were further subdivided into those relating to
a direct activity – such as collective procurement and undertaking carbon
footprint evaluations of products – and those actions focused on integrating
sustainable procurement principles into existing policies and practices.

A materials recovery
facility used to
separate commingled
wastes into their
respective channels
for recycling
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“Absolutely yes; this is something that
we are working actively on with a number
of clients,” responds Read. “But it is not
a panacea as it depends on a number of
parameters affecting commercial and
practical viability.”
The most important of these
determining factors is the value of the
land on which the former landfill is sited.
In densely populated regions, the area
cleared may sufficiently valuable for
commercial development or re-use as
further landfill for a commercial case to
be made. Conversely, in areas of lower
land value the commercial justification
is unlikely to be made on the basis of the
value of materials extracted for recycling.
One such project undertaken by Read’s
team was a detailed study for Zero
Waste Scotland last year, which received
widespread media interest. The report
of the study ’Feasibility and Viability
of Landfill Mining and Reclamation in
Scotland’ is available from the Zero
Waste Scotland web site.
“We think in five to ten years there will
be a significant tipping point where some
of the larger landfill sites within the UK
will become ripe for mining,” predicts
Read. “These are massive sites that
are well documented; you know exactly
what was deposited in each cell and
you can plan and optimize extraction
operations accordingly. Documentation
is also essential in informing the operator
of where not to extract – the last thing
anyone wants is to have the costs

and risks associated with disturbing
hazardous wastes such as asbestos.
This is the worry for landfill mining based
on older sites; as such, the best targets
are likely to be post-1970 landfill sites in
areas of high population density and high
land values.

Supply chain innovation

So if commercial industry and municipal
authorities are optimizing both their
use of resources and the collection
and processing of wastes into new
raw materials – and are even exploring
the mining of previous generations of
waste materials as a source of further
recyclate – is there anything further
that can be done to secure the raw
materials of tomorrow’s production?
Ricardo-AEA believes that the ultimate
step for products with a requirement
for specialist, scarce and extremely
high value raw materials might lie in the
innovative move of not ceding ownership
to the consumer.
Read explains: “As a society we are
increasingly used to lease-based models
of ownership for cars and housing. While
these are often implemented for the
purposes of consumer affordability,
there is a very strong argument that we
should consider this approach for goods
incorporating rare earth elements and

other high value materials.
“For example, if each of our PCs and
mobile phones has several grammes of
useable tungsten, platinum and other
materials, would it not make sense to
build a system that focuses on valueadded reprocessing rather than on cheap
collection and disposal?
“It’s a small step for the manufacturer
to lease the product and to include
recycling and re-use into the design,
as Xerox have done for many years and
Hewlett Packard are increasingly doing
now. We are already seeing this approach
with electric vehicle batteries. I believe
it could be applicable to many different
product types in the future.”
This, says Read, is perhaps the
ultimate step in implementing circular
economy principles: “In my view it
promises a better deal to the consumer
while securing both the environmental
sustainability that society wants, as well
as the commercial sustainability that
industry desperately needs. Clearly there
are some major challenges ahead, and
the paradigm shift is not yet in full swing.
But the momentum is here and with
increasing government encouragement
to help make the circular economy and
resource efficiency a reality, we are on
the cusp of real innovation in design and
management of our resources.”

Heavy duty lubricants

Heavy duty
Low-viscosity lubricants have long been
recognized for their potential to increase heavy
duty truck fuel economy, but raise concerns
regarding engine durability. Jesse Crosse reports

The need to reduce fuel consumption and
CO2 emissions in the transport sector
generally means that manufacturers
of all types of vehicles from heavy duty
commercial trucks to passenger cars are
under pressure to exploit every possible
incremental improvement in design,
however small. This extends beyond the
realms of component-based mechanical

efficiency to improved aerodynamics,
more efficient tyre designs and the
reduction of losses in both cooling and
lubrication systems.
It is well understood that there is great
potential for reducing losses through
improved lubricant technology, and the
use of well-designed lower viscosity
lubricants through the powertrain and

driveline can deliver significant savings
in fuel consumption. Indeed, the trend
towards low-viscosity engine and driveline
lubricants is already well established in
new products. Yet clearly there are major
implications because improvements in
fuel costs and environmental impact
must be balanced against any detrimental
effect on durability.
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Percentage change in fuel consumption
against percentage change in viscosity

In commercial vehicles especially, the
trend is towards higher power density
and more demanding duty cycles, giving
operators the best possible value for
money. Engines are working harder than
ever and the expectations for long life
and low service costs are high, signifying
the need for greater protection from
lubricants than ever before. While a move
toward lower viscosity lubricants and the
benefit in reduced parasitic losses that
may bring is desirable, it nevertheless
represents a major challenge. Lower
viscosity with adequate wear protection
is achievable, but the formulation of
highly sophisticated additive packages
has become ever more crucial.

Three research objectives

Recognizing the significance of this
rapid evolution in lubricant formulation,
Ricardo has partnered with Infineum
in a collaborative research project
jointly funded by both parties. There
were three main objectives. The first
and most important was to explore
the extremes of the lubricant viscosity
range and to establish the effects on fuel
consumption and engine wear. This would
also provide an opportunity to quantify
the relationship between lubricant
viscosity and fuel consumption under
different drive cycles, as it has already
been established that the magnitude of
any benefit depends on engine load and
speed.
Lubricants protect surfaces by
separating them with a fine film.
By reducing the viscosity, a point is
ultimately reached where this film no
longer provides full separation: contact
between microscopic high points on each
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surface then begins to take place, leading
to high wear rates. The second objective
was to establish the point at which a
lowering of the viscosity causes this to
happen, and to accurately quantify the
risk of viscosity reduction.
The third objective was to gain an
understanding of different loaded
parts and investigate how the various
components in the engine such as
pistons, piston rings and bearings
contribute to the overall friction equation
and how those values change in response
to the use of lower viscosity lubricants.
Engine friction is difficult to measure and
to calculate, so a wide range of conditions
were evaluated during both fired engine
tests as well as ‘motored tear-down
tests’ on a fully or partially built engine
driven by an electric motor.
In summary therefore, the research
aimed to gain an understanding of
the level of oil viscosity required in
order to provide the best achievable
fuel consumption while still providing
sufficient protection against wear.

Oils tested

Four types of oil were used for the
research, each using an identical high
performance additive package developed
by Infineum – it was important that
this was unchanged between the oils
as the focus of the research was on the
effects of viscosity rather than additive
pack chemistry. These were a baseline
5W30 lubricant (already a low viscosity
by heavy duty diesel standards), a low
viscosity (LV), very low viscosity (VLV)
and ultra-low viscosity (ULV). Accurately

measuring wear is a difficult and
demanding process requiring extreme
precision, and the first stage was to
decide on the most relevant areas to take
the measurements. The chosen locations
were the outer face of the top piston ring
(chromium and aluminium oxide), the
cylinder liner at TDC on the thrust side
(cast iron), the (bronze) connecting rod
small end bush on the loaded side and the
intake cam lobe (steel) at peak lift.

Engine testing

The test engine was an Iveco Cursor 13,
which meets EU5 emissions standards
and is a typical 12.9 litre inline six-cylinder
truck engine. Bore and stroke are 135 mm
x 150 mm and peak torque of 2500 Nm
is delivered between 1000 and 1600 rev/
min. Maximum power is 412 kW, delivered
at 1900 rev/min. Before the testing began,
the engine had been thoroughly run in
with 300 hours of mixed speed and load
operation on a durability cycle.
Wear was measured in real time and
on-line using the thin layer activation
method (TLA) sometimes known as
surface layer activation or the radio
nuclide technique (RNT). The process
involves activating the surface using
high-energy protons to change a thin
layer of each surface to a radioactive
isotope, which then emits low-level
gamma radiation with a half-life from
weeks to months. Particles produced
by component wear are suspended in
the lubricant, which is passed through a
detector. Needless to say, Ricardo holds
the necessary certification to handle
radioactive components and waste

Heavy duty lubricants

lubricants at its facility in Shoreham-bySea in the UK.
Because the energy emitted varies
between different materials, the detector
is capable of discriminating between
them, allowing wear at each point to
be measured as well as total wear. By
periodically measuring particles trapped
in the oil filter it was also possible to
correct the data in relation to the decay
of the isotopes.
Wear was measured under various
conditions. Lubricant was controlled
to 90°C (± 1°C) or 130°C (±1°C) and,
similarly, coolant was managed to 90°C
(± 1°C). An 18-hour steady-state cycle
was followed by a further six hours idling
at 550 rev/min, and the test engine was
also subjected to a 12-hour transient
test cycle. Baseline VLV and ULV
lubricants were tested with extensive
flushing implemented between tests.
Regular samples of the lubricant wear
metal were taken and the component
contact points visually inspected at the
end of the project.

Results analysis

A vast amount of data was collected. With
the baseline oil, the level of wear at all
locations was considered to be very low.
The top ring showed the highest level of
wear and the cylinder liner and camshaft
showed the lowest. The piston ring
suffered the highest wear with the lowest
viscosity lubricant, as would be expected,
and the same was true at the other
surfaces. Interestingly, the ring appeared
to experience a new running-in process
each time the lubricant was changed.
Another interesting phenomenon
relates to engine speed. When this
increased from 1000 rev/min to 1900
rev/min under full load conditions and
with the ULV lubricant temperature at
130°C, the wear at the connecting rod
bush increased suddenly. This was not
unique to the ULV lubricant, though,
and the result was similar using other
oils during the same transition. It was
considered that bending of the piston pin
at the high cylinder pressures present
at 1900 rev/min caused slight removal
of material from the rod bushes. This
was also considered to be part of each
running-in process as a result of each oil
change, as the condition settled to a low
value when testing at a lower viscosity.
The 18-hour full load, steady-state
test showed a marked response in
terms of wear using the ULV lubricant,
but the wear rate with the VLV lubricant
was similar to that using the baseline
lubricant. Pressure measured at the
gallery was reduced by up to 1.5 bar at
high engine speed with the ULV, which

was judged to be comfortably within
limits. Generally, the test revealed
potential for a reduction in viscosity
without significantly increasing wear rate.
The analysis of wear metals present
in the lubricant raised no concerns
regarding other locations not included
in the test. At the end of the test the
engine was stripped and 18 key areas
visually examined, including crankshaft
journals, thrust bearings, cam rollers
and cam bearings. Initial concerns over
the condition of the main bearing shells
were allayed following inspection by the
supplier, who considered the condition to
be acceptable. Some components, such
as the top piston rings, showed evidence
of polishing, but overall all components
were fit for further testing.
Fuel consumption testing was
carried out on an engine dynamometer
in a Ricardo motoring test cell. All four
lubricants were subjected to the 13mode European Stationary Cycle (ESC)
five times, with sump oil temperatures
maintained at both 90°C and 130°C. The
results were positive, with a 23 percent
reduction in viscosity from the baseline
giving a 0.6 percent improvement in fuel
consumption over the ESC test cycle. A
36 percent reduction in viscosity from
the baseline value yielded even better
results, with a 0.9 percent improvement
in fuel consumption.
Friction tests were carried out
using two very different methods. The
first approach involved measuring
the pressures of three cylinders with
the engine running (fired) and by
measurement of brake torque. The
second approach was to subject the
engine to a five-stage friction tear-down
test with oil supply and coolant supply
temperatures maintained at 90º C. Using
this ‘motored’ test, the whole engine
friction can be obtained by summing
the friction from each group to produce
a result that is free of gas forces acting
on the engine and pumping losses above
the pistons. The friction tests were
made using two selected lubricants, the
baseline and very low viscosity (VLV)
fluids. The engine was flushed three
times in between each test (reducing
residual fluid to 0.1 percent) and the oil
filter was flushed between each fluid.
Not surprisingly, friction was highest
under full load due to increased contact
forces, mainly at the top piston ring,
piston pin, and piston skirt but also at
the big end and main bearings. Another
contributing factor was thought to be
higher lubricant temperatures locally,
particularly around the piston, leading
to lower film thickness and greater
asperity friction (where the surfaces of

components come into contact). The
impact of the VLV fluid was greatest at
minimum load and motored conditions
but at high engine speeds the effect
of low viscosity was less clear at high
load. At 1600 rev/min, the change from
the baseline fluid to a VLV fluid showed
a reduction in motored friction of 11.2
percent, a reduction in minimum load
friction of 8.2 percent and a reduction in
full load friction of 5.0 percent.

Positive outlook

The research indicated significant
potential for reduction of oil viscosity
below 5W30 for at least some truck
engines without major risk of high wear,
providing attention is also paid to the
lubricant formulation. Changing from
the baseline to the ULV oil gave an
approximately 11 percent reduction in
whole engine friction and 0.9 percent
improvement in fuel consumption for the
Iveco Cursor 13 engine tested. Although
the work indicated that the wear did
not increase significantly with oil of this
level of viscosity, it would be necessary
to confirm this conclusion by long term
durability testing prior to any adoption of
a similar oil in a production engine.
The use of proprietary coatings could
minimise wear rates and therefore enable
the use of lower viscosity oil with little
or no consequences. Importantly, the
research concluded that the safe use of
well designed low-viscosity lubricants is
perfectly viable and risks associated with
their use (certainly to the level of a VLV
lubricant) can be addressed with welldesigned lubricant technologies.

Calculated contributions to crank train
friction compared with measured data
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Ricardo news

Latest developments from around the global Ricardo organization

Real-world bus
emissions

Ricardo is working with the Brighton &
Hove Bus and Coach Company – part
of the Go-Ahead Group – and test
equipment specialist HORIBA on an
advanced research project that aims to
scientifically investigate the emissions of
a range of buses operating in a modern
commercial public transport fleet.
Brighton & Hove operates a fleet of
approximately 280 modern buses. Its
operations are focused on the city of
Brighton and Hove, which, according
to recent Department for Transport
statistics, boasts the country’s highest
– and consistently growing – number
of bus journeys per head of population
in the UK outside London. The company
is committed to contributing towards
a cleaner environment, with all of its
more recent vehicles fitted with exhaust
particulate traps.
With growing concern in towns and
cities throughout the world regarding
the potential health impacts of poor
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air quality, the need to establish the
true emissions of industry and road
vehicles in the urban environment is
increasingly recognized. Cars, taxis, vans,
public transport fleets and trucks each
contribute to total vehicular emissions.
In each case, however, while the exhaust
emissions of new vehicles are thoroughly
tested over regulatory drive cycles during
the development phase, little information
currently exists as to their actual
emissions when used in service.
To address this need for more detailed
information, Brighton & Hove is working
with Ricardo on an advanced research

A Brighton and Hove
7 bus (above) passing
the city’s Royal
Pavilion - this route
was selected for the
PEMS study due to
its mixed duty cycle;
instrumentation of
the exhaust system
of each vehicle tested
was entirely within
the vehicle profile
for testing on public
roads (left)

project using some of the very latest
portable emissions monitoring systems
(PEMS) testing equipment provided by
HORIBA.
A selection of the Brighton & Hove
bus fleet is being temporarily fitted with
this advanced monitoring equipment,
which also record ‘real life’ operational
vehicle fuel efficiency during normal
day-to-day service.
“Urban air quality is an issue of concern
in many towns and cities, and Brighton
& Hove is keen to work with Ricardo
to better understand the emissions
performance from a range of buses
under operating conditions,” commented
Brighton & Hove Bus and Coach Company
managing director Martin Harris.
The vehicles being tested represent
a cross-section of the Brighton & Hove
fleet, from the oldest, which conform to
Euro III level emissions regulations, up
to Euro V-compliant conventional and
hybrid buses. In each case, the vehicle
under test operates on a standard
service route through the city centre that
captures a range of driving conditions
and gradients. Like any regular passenger
service, the bus will also stop frequently
but for practical reasons of health and
safety, passengers will not be permitted
to travel on the test vehicles (the tests
are not part of the regular timetable, to
avoid inconveniencing the public). In order
that the absence of passengers does
not influence the results, each bus under
test will be ballasted so as to replicate
approximately a typical 25 percent
capacity passenger load.
This Brighton & Hove and Ricardo
research project is one of the first such
investigations of the actual service
emissions of a public transport fleet. It
is hoped that the results obtained will
provide valuable information in terms
of the future design and procurement
of buses; in the selective deployment
of different vehicle types for different
routes, and in the specification of new
vehicle replacements and upgrades.
Potentially, the research will also be
extremely valuable to those concerned
with the improvement of local air quality,
as it will greatly add to knowledge of the
emissions contributions of different
buses under their typical usage patterns.

Ricardo News

Ricardo-AEA assists
initiative to improve climate
change reporting

Following a competitive bidding process,
Ricardo-AEA has been selected to
assist the Deutsche Gesellschaft für
Internationale Zusammenarbeit (GIZ)
GmbH on a project to support four
countries in enhancing their international
reporting on climate change.
The capacity-building project, entitled
‘Information Matters’, is funded by the
International Climate Initiative (IKI) of
the German Federal Ministry for the
Environment, Nature Conservation,
Building and Nuclear Safety (BMUB). GIZ
is a federal enterprise for sustainable
development, which offers workable,

sustainable and effective solutions in
political, economic and social change
processes and operates in Germany and
over 130 countries around the world.
The goal of the project – which
is now under way – is to enable the
participating countries to improve the
collection, analysis, and reporting of
climate relevant data through capacity
building activities.The participating
countries, which include Chile, the
Dominican Republic, Ghana and the
Philippines, will then be better able to
respond to the enhanced reporting
requirements of the United Nations

Santiago skyline –
Chile is one of the
participants in the
study, which aims to
help improve climate
change reporting

Framework Convention on Climate
Change (UNFCCC).
Ricardo-AEA has conducted a review
in each of the four selected countries
and, together with GIZ, organized
kick-off workshops at which the key
ministries in each participating country
discussed a capacity-building plan for
the next two years. Other organizations
working in similar areas in the four
countries, including the United Nations
Development Programme (UNDP)
on Low Emission Capacity Building
(LECB) Project and the GEF-funded
project “Preparation of Ghana’s Initial
Biennial Update Report to UNFCCC” are
also being involved from the outset to
maximize synergies and avoid overlaps.
Later, up to four capacity-building
missions will take place in each country
for government staff involved in
measuring and reporting. The support
will be tailored according to the needs
of participating countries and may
include measuring and reporting of
emissions inventories, quantification of
mitigation impacts, tracking of climate
finance and – based on the project
experience – knowledge products. As
part of these missions, staff from GIZ
and Ricardo-AEA will be consulting with
senior government officials who shape
and implement climate policies in their
respective countries. Towards the end
of the project, GIZ and Ricardo-AEA will
facilitate a global workshop to share
best practices and lessons learnt on
climate change reporting.

Mahindra and Ricardo develop AMT for India
Mahindra – one of India’s leading automakers
– chose the prestigious Delhi Auto Expo to
reveal a brand new state-of-the-art fivespeed automated manual transmission:
the result of a technology and engineering
collaboration with Ricardo.
The new Mahindra 5-speed autoSHIFT
transmission represents a significant
step forward in transmission technology
within the Indian automotive sector.
Designed specifically to improve the driving
experience and fuel economy in the urban
environment, the unit incorporates the
key efficiency advantages of a manual
transmission, while providing the smooth
comfort and convenience of an automatic.
“We are extremely pleased to be able to
reveal the brand new Mahindra autoSHIFT
5-speed automated manual transmission,
which has been developed through our
longstanding and highly successful
collaboration with global technology leader
Ricardo,” commented Rajan Wadhera, chief

executive – technology, product development
and sourcing for Mahindra.
“The Mahindra autoSHIFT is undeniably a
first for the Indian automotive sector in that
we have captured the best globally available
skills and technologies and created a truly
innovative product to be manufactured
from the outset, here in India. Developed
in partnership with Ricardo, the Mahindra
autoSHIFT transmission promises our
customers an exceptional automatic driving
experience with superb fuel economy – and a
fully capable manual mode where demanded.”
The Mahindra autoSHIFT incorporates
some extremely advanced technologies
resulting from the collaboration with
Ricardo. These include an advanced
electronic control and hydraulic actuation
system that senses driver demand and
initiates gear changes automatically, based
on a highly optimized shift map that delivers
the best possible fuel efficiency. The new
autoSHIFT has been launched for the first

time in the 2014 model year Mahindra
Quanto compact SUV.
Driving the autoSHIFT provides a
rewarding experience, with the ability to
switch between automatic and manual
mode with just a tap on the lever. In manual
mode the vehicle’s transmission is under full
control of the driver, who can decide to hold
on a gear, or make quicker or delayed shifts
as desired, all without the need to operate
the clutch pedal.
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Ricardo and McLaren sign
landmark agreement
Ricardo has been awarded a contract for
supply of engines to McLaren that will
represent revenue in the region of £40m
per annum from 2016 onwards. It is the
largest new order in almost a century of
Ricardo history and the most substantial
single procurement ever made by McLaren
Automotive.
The agreement marks a continuation
of a highly successful collaboration on
engines between the two companies. Since
2010, Ricardo has manufactured McLaren
Automotive’s entire engine requirements at the
Ricardo High Performance Assembly Facility,
a purpose-built engine assembly facility at
Shoreham, UK. This advanced, quality-focused
lean production facility will have its capacity
boosted under this agreement to allow the

assembly of 5000 engines per year.
The near clean-room facility was designed
to encompass the very latest thinking in high
quality manufacture and operates within a
strict ‘no faults forward’ culture. Configured
from the very outset to meet the requirements
of current family of McLaren engines – the first
of which, the M838T 90 degree V8 twin-turbo,
was designed in collaboration between the
two companies – Ricardo’s highly advanced
engine facility already supplies engines for
the McLaren P1™, 12C and 12C Spider road
cars as well as the track-focused models
developed and produced by McLaren GT. The
new order will see the two companies continue
to build upon this very successful collaboration
to 2020 and beyond, working on a range of
inspiring new McLaren products.

UK vehicle platooning research launched
The UK Department for Transport has commissioned a research
project led by Ricardo, to understand how platooning technology
might benefit the UK business.
Grouping vehicles into platoons – as was demonstrated by
Ricardo, Volvo and others in the SARTRE project (see RQ Q4
2012) – allows them to travel closer together, thereby improving
aerodynamic performance and providing more steady state traffic
flow. This has the potential to lower fuel consumption, improve
network capacity and reduce traffic collisions. Platooning is
achieved by electronically linking vehicles using GPS, wireless and
radar-sensing systems. The vehicles’ braking and acceleration
are precisely matched and each vehicle in the platoon reacts
automatically to the lead vehicle driver’s actions. Each vehicle in the
platoon would have a driver at all times.
Ricardo will lead a consortium comprising TRL (Transport
Research Laboratory), Ricardo AEA and Transport & Travel Research
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Ltd (TTR). The feasibility study will investigate the issues faced
by legislators, haulage companies, drivers of the vehicles in the
platoon, trunk road network operators and other road users, to
establish whether a road trial of a heavy goods vehicle platoon
should be considered.
“Ricardo is extremely pleased to be leading this feasibility study
for the Department for Transport,” commented Michael Baker,
chief engineer, technology and innovation. “We have been actively
engaged in platooning research over a number of years with
multiple international partners and see this emerging technology as
offering significant benefits in both economic and environmental
terms. We look forward to working with TRL and TTR on this
important UK-focused feasibility study.”
It is expected that the feasibility study will report back by the end
of the financial year with a view to conducting a road trial in 2014.

RICARDO TRAINING 2014:

TECHNICAL
TRAINING BY
ENGINEERING
EXPERTS
Frequent courses offered in
a wide range of disciplines
Internal Combustion Engines – Basic
Dates: 13 Mar, 8 Apr, 15 May, 8 Jul,
9 Sep, 14 Oct, 18 Nov
Location: Ricardo Shoreham Technical Centre
Price: £650 per person
Internal Combustion Engines – Advanced
Dates: 9-10 Apr, 9-10 Jul, 10-11 Sep, 19-20 Nov
Location: Ricardo Shoreham Technical Centre
Price: £750 per person per day
Automotive Transmissions – Basic
Dates: 18 Mar, 9 Oct
Location: Ricardo Midlands Technical Centre
Price: £650 per person

Automotive Transmissions – Advanced
Dates: 11-12 Jun, 12-13 Nov
Location: Ricardo Midlands Technical Centre
Price: £750 per person per day

Noise, Vibration & Harshness (NVH)
Dates: 13-14 May
Location: Ricardo Shoreham Technical Centre
Price: £750 per person per day

Hybrid & Electric Vehicle Systems
Aimed at policy makers, chief technical
officers & strategists
Dates: 27 Mar, 24 Sep
Location: Ricardo AEA, Marble Arch, London
Price: £995 per person

Diesel & Gasoline Engine Calibration
Dates: 25-26 Mar
Location: Ricardo Shoreham Technical Centre
Price: £750 per person per day

Hybrid & Electric Vehicles Systems
Aimed at engineers, researchers & analysts
Dates: 20-21 May, 15-16 Oct
Location: Ricardo Shoreham Technical Centre
Price: £750 per person per day

New for 2014: e-Learning
Email to register your interest in the online
Internal Combustion Engine Basics course

Examples of Bespoke Course for 2014
• Diesel particulates and NOx control
• Crank case lubricants
• Chassis and vehicle dynamics
• Life cycle analysis (LCA)
• Manufacturing
• Introduction to on board diagnostics (OBD)
• ISO 26262

Testimonials
“This course has provided a valuable detailed insight into engine
construction and market drivers. But more than that it was a
thoroughly interesting course at a world class organization”
“Excellent knowledge transfer from the enthusiastic presenters at
the cutting edge of their field”

For more details, please contact:
Shaun Howell on +44 (0) 1273 794021
or Donna Wild on +44 (0) 1273 794632
or email traininginfo@ricardo.com

www.ricardo.com/training
Delivering Excellence Through Innovation & Technology

TORQSTOR
IMPROVING
FUEL ECONOMY
BY UP TO 10%
Ricardo Flywheel Energy Recovery System

Up to 10% potential fuel saving demonstrated in operational trials.
Applicable to wheeled loaders and other off-highway equipment.
For more information on our TORQSTOR flywheel developments:

www.torqstor.com
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