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The JCB Ecomax T4 engine meets Tier 4i emissions legislation without the need for a Diesel Particulate
Filter. This innovative, highly efﬁcient design will provide OEMs with improved packaging, signiﬁcantly lower
operating costs and up to 10% better fuel economy compared with Tier 3. With outputs from 74-173hp, peak
The JCB Ecomax T4 engine meets Tier 4i emissions legislation without the need for a Diesel Particulate
torque up to 553lb/ft and a team of highly experienced Applications Engineers ready to tailor products to your
Filter. This innovative, highly efﬁcient design will provide OEMs with improved packaging, signiﬁcantly lower
requirements, JCB is the clear choice for OEMs and the leader in engine technology for the new generation.
operating costs and up to 10% better fuel economy compared with Tier 3. With outputs from 74-173hp, peak
For further
information
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Clean Energy & Power Generation

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

Industry News

Industry news

The latest in technology, innovation and sustainability across world industries

Passenger Car

Downsizing becomes real

A series of new launches and business
announcements at the Geneva auto
show in March provide solid evidence that
global automakers are beginning to put
engine downsizing into practice. BMW,
PSA, Kia, Volkswagen and Nissan were
among the major producers to reveal
new strategies, and Renault showed the
R-Space minivan concept (pictured) with
an upcoming modular 900 cc threecylinder gasoline engine rated at 110 hp.
Whereas the Renault engine, due
for launch in 2012 as part of a new
TCe family, relies on turbocharging
for its high specific horsepower and
torque, the equivalent engine from
Nissan adopts a different approach.

Combining Miller-cycle operation with
supercharger-forced induction, the 1.2
litre Nissan unit runs an exceptional 13.0
to 1 compression ratio and gives 98 hp
and torque of 142 Nm; in the new Micra
supermini hatchback this enables a top
speed of 180 km/h and CO2 emissions of
just 95 g/km for the manual version.
PSA Peugeot Citroën signed a
joint-venture deal with BMW for the
production of electrical and hybrid
components and confirmed its
downsizing commitment with the new
D-segment 508 – base engine 1.6 litres.
Volkswagen’s even larger premium
Passat range begins with a 1.4 litre
gasoline engine. For its part, BMW

Renault R-Space
minivan concept:
three cylinders,
900 cc, 110 hp

revealed a new generation of inline four
cylinder gasoline engines, initially of 2.0
litres and 245 hp, which the company
says will take over from its current lineup of six-cylinder units. V8s will in turn
give way to turbocharged sixes.
Yet it was left to Korean producer
Hyundai Kia to provide one of the bigger
surprises of the show: Kia claims that its
new turbocharged Kappa three-cylinder
is a class leader in terms of performance
and economy. With 110 hp from just 998
cc it has high specific power, and torque
of 137 Nm from as low as 1500 rev/
min is unusual for such a small unit. The
new engine will be fitted to production
vehicles from June 2012.

Passenger Car Classic sports car builder Morgan has returned to
its roots with a modern interpretation of the car that established its
reputation in the 1920s – the Threewheeler. In its new iteration the
Threewheeler retains the style and aura of the original, including its
exposed, front-mounted V-twin engine, high-level side exhausts,
leather-lined open cockpit and boat-like tail. Even the interior is
authentic, though the central instrument display reflects modern
electronic technologies.
The 115 hp V-twin engine, made by S&S – which also provides
parts to Harley Davidson – drives the single rear wheel via a fivespeed gearbox taken from a Mazda MX-5, and what is described as
a sturdy V belt. No weight or performance figures have been given,
but Morgan says the low centre of gravity and ample torque will
guarantee responsive handling and acceleration.
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Industry News

Rail

UK intercity programme
gets go-ahead

News In brief
The latest developments in engineering
and technology worldwide

Energy carriers

Honda R&D director Tomohiko Kanawabe has said
that improved gasoline and diesel engines are only a
short term solution to sustainable mobility: for real
sustainability, renewable energy carriers such as
electricity, ethanol or hydrogen must be developed.

Megacity brand

Following a period of uncertainty after
a spending review in early 2010, the UK
Department for Transport has finally
given the go-ahead to the Intercity
Express Programme (IEP) under Agility
Trains –a partnership between Hitachi
and John Laing. Agility was named the
preferred bidder in February 2009 and
has made use of the on-hold period to
re-match its offer to the post-financial
crisis conditions..
The €5.3 bn Intercity Express
Programme calls for the electrification
of the Great Western line from London
to the Welsh capital Cardiff and the
upgrading of the other main lines. In
terms of rolling stock it promises to
mark a step change: the aluminium
coaches are significantly lighter per
metre and per seat and offer much
better energy efficiency as well as
less damage per movement to the rail
infrastructure.

Marine

Concept
outboard
offers
250 hp
Honda has used the
2011 Miami International
Boat Show to launch
what it calls a flagship
concept outboard
motor. Designated the
BF250, the new motor is a
new large-displacement V6 of
3.6 litres: like all Honda outboards
it is a four stroke and incorporates

Crucially, the new dual-powered
IEP trains will run on either overhead
electricity or onboard diesel power,
giving them far greater flexibility of
deployment. The so-called bi-modal
units will allow the use of diversions and
operate ‘under the wires’ during power
outages or in severe weather conditions.
The Department for Transport rejected
the alternative proposal of temporarily
coupling electric locomotives with diesel
units for non-electrified sections of line.
Overall, the Super Express trains will
offer 30 percent greater capacity than
current services and are claimed by
Hitachi to be three times as reliable as
today’s trains.
Novel, too, is the structure of the deal.
Agility Trains will deliver its service at a
fixed price, for a period of approximately
30 years, and will fund, manufacture,
own and maintain the trains, being paid
only for services actually delivered.

the VTEC variable valve
actuation familiar from
car engines. The new
motor goes beyond
the output of the
current BF225,
hitting the 250 hp
mark for the first
time.
Fuller details of the
BF250 will be revealed
at the launch of the
production model later
this year: the final technical
specification is likely to echo
that of the 225 hp edition, with
oxygen and knock sensing, lean
burn control and full compliance
with the latest and toughest
environmental regulations
including CARB’s 3-star rating.

BMW has given the name ‘i’ to its programme to
produce a suite of zero and ultra-low emission vehicles
for service in tomorrow’s megacities. Two models will
form part of the 2013 launch: a battery powered city car
seating four, and a plug-in hybrid sports car.

‘Weak’ van standards

CO2 standards for vans just adopted for Europe
have been criticised by green groups as weak and
inadequate but were described by auto industry bodies
as very challenging. By 2017 light commercial vehicle
manufacturers will have to phase in ranges averaging
175 g/km CO2, and a longer-term target of 147 g/km will
be confirmed in a review in 2013.

Trucks’ CO2 win-win

Heavy truck CO2 could be cut by 20 percent on
articulated vehicles by a combination of aerodynamics,
low rolling resistance tyres and other detailed
improvements – without any increase in cost. These are
the conclusions of a study by MAN, Michelin and trailer
maker Krone, who say that vehicles of this type could be
made available immediately.

Galileo begins testing

The Galileo programme for a European satellite
navigation system has begun its first test phase in the
region around Berchtesgaden in Germany. The initial
phase will allow researchers to test equipment under
real conditions.

Quieter and cleaner

Noise and toxins in exhaust fumes have fallen by 80
percent since their peak in 1980 according to the UK
Institute of Advanced Motorists. The average family car
now emits 74 decibels, buses 78 and heavy trucks 80. In
1972 the typical car produced 82 dB.

Battery boost

In separate studies, consultancies McKinseys and
Trend Tracker present very different scenarios of the
future electric vehicle market. McKinseys, comparing
three major megacities, predicts that BEVs and PHEVs
could account for 16 percent of all new car sales in
New York by 2105, 9 percent in Paris and 5 percent
in Shanghai. By contrast, Trend Tracker gives a much
less rosy picture of high costs, limited utility, uncertain
penetration and the questionable compatibility of the
Better Place battery swap scheme.
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Industry News

Passenger Car

Motorsport

Electric RollsRoyce
Even elite
customers
could be
interested
in zeroemissions
travel,
reasoned RollsRoyce as it set
out to develop an
experimental electric version of
its stately Phantom limousine. Using
what is believed to be the largest ever
battery fitted to a passenger car, the
102 EX is expected to have a range of
200 km and 0-100 km/h acceleration in
under 8 seconds. The 71 kWh lithiumion battery incorporates nickel cobalt
manganese chemistry for maximum
energy density, and its 96 cell blocks
in several differently shaped groups
fill the underhood space previously
occupied by the 6.75 litre gasoline V12
and six-speed automatic transmission.

908 racer goes hybrid

Twin 145 kW
motors drive the rear
wheels through a single
speed transmission.
Three different conductive
charging units are incorporated,
along with an inductive pad capable of
working with 90 percent efficiency at
an air gap of up to 450 mm, though the
normal clearance is 150 mm.
The idea of the 102 EX is to establish
the viability of battery power in what
Rolls-Royce terms the GKL++ market
for super-luxury vehicles priced at
over €200,000; among the aesthetic
innovations on the prototype are
special nano-fibre reflective paintwork,
a blue-illuminated Rolls-Royce mascot
and a charging socket which glows
green when recharging is complete.

Passenger Car

Commercial Vehices

Yellow cabs could hail
from Turkey
The next generation of New York’s
famous yellow cabs will not be built in
Detroit or Dearborn: instead, reports
the Financial Times, the replacement
for the familiar, gas-guzzling Ford
Crown Victoria will come from either
Turkey or Mexico.
Under New York’s regulations taxis
are owned by private individuals and
firms but come under the control of
the city authorities, with the Taxi and
Limousine Commission drawing up
a list of approved models. In 2009
Mayor Bloomberg launched the
Taxi of Tomorrow competition, with
five automakers – including GM –
submitting proposals. By November
2010 these had been whittled down
to three finalists, all high-build
vehicles, compact by American
standards and offering easy access:
the Nissan NV200, made in Mexico,
the European Ford Transit Connect,
made in Turkey, and the custom-
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Peugeot’s recently revealed endurance racing car has
spawned a diesel hybrid version, taking advantage of new
regulations for long-distance events. At the Geneva show in
March the company also unveiled the 908 Hybrid4, its 550 hp
V8 diesel supplemented by an electric motor feeding its 60 kW
(80 hp) into the driveline via the six-speed sequential gearbox.
Under the racing regulations the car is allowed to recover
500 kJ of energy over two separate braking phases; this
energy is stored in a lithium-ion battery system before
being automatically released through the rear wheels under
acceleration. Peugeot says there is no ‘push-to-pass’ function
as on previous KERS installations in Formula One cars. In the
pit lane the 908 Hybrid4 can run in electric-only mode.
The car is being developed with a view to taking part in the
official pre Le Mans test day on April 24th ; the outcome of
these tests will determine whether the hybrid model runs
alongside the regular 908 racer at the Le Mans 24 hours
in June. Peugeot first demonstrated a hybrid race car at
Silverstone in 2010.

designed V1 from Turkish contract
manufacturer Karsan.
New York residents have been
invited to vote for their favourite
candidate, and an announcement
is expected soon. The prize will be
substantial: a ten-year exclusive
supply contract for over 13,000 units
– and a guaranteed place in history.

Tata’s face of the future
A new compact city car concept from Tata presents a more
futuristic face for the India-based automaker. Developed in the
UK, the Pixel is adapted from the structure of the low-cost Nano
but incorporates several innovations including a compact diesel
engine – about which Tata declined to give details.
The transmission is especially innovative, consisting of a
Torotrak IVT variator for each of the driven rear wheels. Linked
to an epicyclic reduction unit, the twin variators provide
seamless ratio change in normal driving and also replace the
conventional differential. The Pixel’s party trick comes at really
low speeds, however. With the steering turned to full lock –
much sharper than with any other vehicle – the transmission is
able to rotate the rear wheels in opposite directions, allowing
the Pixel to turn in its own length.
Torotrak points out that a quantum jump in urban
manoeuvrability of this nature would not be possible with a
conventional transmission and differential.

High Performance Vehicles

Transmission
technology
back in focus

A spate of new product announcements in the ultra high
performance supercar sector has brought transmission
technology back into focus as a key differentiator between
elite sportscar brands. In particular, ever-faster shifting times
have come to be seen as a crucial attribute.
With the launch of the Ferrari 458 Italia and MercedesBenz SLS AMG in late 2009 it appeared that dual clutch
transmissions – whether for front or mid-engined
configurations – had become established as the favoured
transmission type for ultra high performance sportscars;
since then, Porsche has migrated DCT to its Panamera luxury
sedan and Ferrari has favoured this type of transmission for
its new FF four-seater, the first four-wheel drive from the
Italian sportscar builder. The McLaren MP4-12C, to go on sale
later this year, only appeared to confirm the DCT trend, with its
seven-speed unit supplied by Graziano.
Yet Lamborghini,
with the opportunity for
a clean sheet of paper
design for its all-new
Aventador supercar
flagship (top), revealed
at March’s Geneva auto
show, has chosen a
different technology in place of the DCT favoured by its rivals.
The so-called ISR (for independent shifting rod) system
provides near-instant AMT shifts that its promoters claim are
even faster than those of a DCT and more accurately reflect
the Lamborghini customer’s desire for a sharp, mechanical
engagement with the transmission.
Still more variety is provided by Aston Martin, which has
opted for a lighter and more efficient seven-speed AMT from
Graziano for its new Vantage S sports coupé.
In the less exotic reaches of the sports car world, however,
DCT continues to be the transmission of choice: Alfa Romeo
has specified it for its new 4C mid-engined coupé (above), due
to launch in 2012, and Hyundai-Kia’s in-house DCT will make
its first appearance in the new Veloster coupé.

Viewpoint

Why governments need to be bold in
realizing the potential of marine power
Paul Jordan, market sector director for clean energy and power generation
Establishing the right framework
for the creation of a multi-gigawatt
marine energy industry capable of
delivering a sizeable proportion of
a nation’s energy needs is, as one
can imagine, not easy. On top of the
technology challenges, there are many
issues to address – from investment
to site development – and numerous
public and private stakeholders that
must buy into the process for it to
have any chance of success. One
point that everyone agrees on is that
any country with favourable coastal
conditions that implements an
effective, long-term action plan, will
reap significant GDP, energy security
and environmental rewards.
So what is the biggest obstacle to
the achievement of this ambition?
Far from it being technological, I
believe that the primary challenge
relates to capital exposure. Many
wave and tidal stream developers
have successfully developed and
deployed full-scale prototype
generators using high-risk capital
sources, such as venture capital. This
works, given the huge potential of
the marine energy market, the level
of risk at the pre-prototype stage
and the geopolitical drivers. The
challenge, however, is the next stage,
which requires the installation of the
first multiple device array projects, a
step increase in investments and a
different type of investor.
Whereas prototype installations
typically represent a project
investment of $12M to $15M, the first
arrays could be $40M to $90M based
on an installed capital cost of $7M
to $9M per megawatt. This size of
investment will typically be funded by
the large energy companies, whether
utilities or oil and gas majors, and
these require a very different risk/
reward profile. In Europe it is in my
view exactly this dramatic shift in
capital exposure that has led to the
clear hiatus in development of the
marine energy sector within the
comparatively attractive waters for
marine energy surrounding the UK.
So can anything be done? In a word,
yes. But with such a fundamental shift

in the risk/reward profile, it can only
really fall to governments to kick-start
the next phase of industry development.
It can be done, but a bold approach is
needed along with a willingness to stay
the course. Some may disagree but my
solution to this challenge is fairly simple.

Many wave and tidal
stream developers
have successfully
developed and
deployed full-scale
prototype generators
using high-risk
capital sources
Firstly, a long-term market signal
is required through a guarantee of
favourable treatment in terms of
the price of the renewable energy
generated from new marine energy
projects. Secondly and in addition, the
capital exposure of first array investors
should be recognized with a capital
grant of the order of 50 percent of total
installed cost. This funding support for
early investors might be subject to a
fixed total pool and could well be issued
subject to competitive bidding process
in order to enable a best of breed to
emerge in terms of technologies,
site selection and installation and
commissioning practices.
This approach – of supporting
both capital and revenue in view of the
unique nature of offshore challenges
– would be a bold initiative on the part
of any government wishing to reap the
benefits of marine energy. It is often
said that fortune favours the brave
and at the moment, a potentially very
lucrative prize awaits those countries
willing to seize the opportunity of
both achieving renewable power from
untapped coastal resources and
building critical mass for a marine
energy industry capable of exporting
its proven technology around the
world.
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INterview

GM’s regeneration
A fresh generation of managers is launching a slimmed-down GM into the new
and very different world that lies ahead. Hugh Hunston spoke to vice chairman
Steve Girsky and international operations president Tim Lee at the Detroit show
– just after the Chevrolet Volt had been named North American Car of the Year

What were your previous roles connected to GM?
Steve Girsky: I was a former adviser to Rick Wagoner and
to the United Auto Workers healthcare trust, plus I had an
advisory role with the labour unions during GM’s bankruptcy. I
had a great seat at a bad movie – but the company has come
through it. GM is moving faster than it has ever done, with
some intuitive decisions. We will make some mistakes, but I
would rather make mistakes by moving fast than make them
moving slowly. The show’s message is that smaller is bigger.
Do you feel GM is achieving a more balanced product
portfolio globally?
SG: We are competing in segments where we have not been
before and historically we were exposed to over-dependence
on trucks and SUVs. This meant that when fuel prices went
in the wrong direction GM got into trouble. More of the
new models are profitable. We currently have between 15
percent and 20 percent of our vehicles on global platforms or
architectures. That will go up to 50 to 60 percent over the next
four years. This also involves co-operation with the unions
through being in the same team and all on the same page,
with a lot of dialogue. The Chevrolet Sonic is being built in our
Orion plant in Michigan, the only B class car to be produced in
the USA thanks to a creative deal with the UAW. Everyone else
has gone to Mexico or Korea. It is important to produce locally
where you sell and minimise the risks. Overall, our production
costs per car have been reduced, post bankruptcy, by $2,000.
It is about costs per car, not hours per car, in assembly terms.
Is the relationship with the labour unions genuinely
different?
SG: Bankruptcy forced transparency on the constituents
involved and forced us to open our books and not hide anything
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because it was in the public bankruptcy court. No monkey
business. The unions gave up a lot and grasped the need to
participate in recovery and not turn the plan upside down. If we
get bonuses then they should get bonuses. They gave up a lot
on healthcare risk.
The defunct Saturn brand used European Opel and Vauxhall
technology. Is that principle continuing?
SG: Our Buick Regal has Epsilon/Insignia underpinnings and
components, while the Chevrolet Cruze, the new Buick Verano
and the Chevrolet Volt and Opel-Vauxhall Ampera are all based
on the Delta/Astra platform.
In terms of reading from the same sheet, how important is
the Volt project in particular and extended range electric
vehicles in general? Are you planning a wider Volt range like
Toyota’s expanding Prius line-up?
SG: The idea of extending Volt to become a brand in its own
right is being kicked around. We have a dealer network and we
need to work it further. We need to be sensitive and support
the brand and keep it going. This has only gone as far as coffee
room or water-cooler talk [so far]. This high technology stuff
is expensive, so you launch at the high end – but the
logical buyers are fleet customers who don’t want to be
caught in a Cadillac when it comes to corporate image.
GE [General Electric] has ordered 12,000 Volts over
three years and a lot of effort goes into driving costs
down. I think [the Volt project] could be driven more by
the European market than here, ultimately.
What is your personal, hands-on view of the Volt?
SG: I was a Volt sceptic early on but the driving
experience means that when it switches from electric

Interview

to generator it is one of those ‘oh wow’ moments. My wife, who
is quite a forceful driver, has been driving a Volt for two months
and getting 90 miles to the gallon [2.5 lit/100 km].
What is your perspective on GM’s European operation?
SG: Structurally across Europe there is excess capacity and [the
GM plant in] Antwerp has gone. But you will not only cost-cut
your way to prosperity. The Vauxhall guys have done relatively
better than the Opel people. Losing one plant is enough.
How did you come to take on this role?
Tim Lee: I wandered round the company for 38 years and
learned a lot about making a good car and how not to build a
great car. Ed Whitacre, (former CEO) asked me to take a major
management role. We are running the company fundamentally
differently. When we break even at the lowest point of the
business cycle, then the story becomes pretty compelling.
That was the investment thesis on which we sold the IPO
and it was over-subscribed by a factor of seven. Dan Akerson
(current chairman and CEO) chairs an executive committee
meeting every week and talks to our four regional managers.
He is a brilliant engineer with a management style which is
about leading. He is the right man at the right time.
Chevrolet is your foundation brand. Do you have plans to
counter Renault’s Dacia and compete at a lower price level in
emerging and mature markets?
TL: There is the Baojun project, which has resulted from a
senior management brain-storming session last May in
Shanghai. The number-one business issue was a white space
in our portfolio that relates to low cost entries into A, B and C
sectors for emerging markets. That is below Chevrolet. Prices
covered [by the project] are from $4,000 to $10,000. Initially
it involves our SAIC joint venture in China with the concept
and the brand. Symbolically, the first car was completed on
November 18, the first day of our IPO. It [Baojun] is designed
to go to market in China below Chevrolet to make some money
and cover the sector where local manufacturers operate.
What we do in the rest of the world will depend on distribution
options and alternatives. We need to see how this plays out in
terms of some kind of European, particularly eastern European
strategy, capable of getting to Renault and taking on Dacia.
There is something tangible there and it would need to meet

our quality, durability and reliability levels in western Europe.
But we could take the tool sets anywhere we wanted to.
Over-capacity is a specific European problem. How does
China compare in terms of production potential?
TL: We try to stay half a plant ahead of the demand curve – but
we ended up half a factory behind on manufacturing [in China]
so we were not smart enough with our predictions for last
year. Demand in China is so strong we are absorbing all the
cars we build in the local market. Over-supply is the cocaine
of this industry worldwide, and particularly in Europe. As GM
we should never ever again get into that position. We will be
driven by commercial fundamentals, pricing for profitability,
not market share.
How long will India remain the sleeping giant in demand
terms?
TL: Once the individual GDP level reaches $4000 (€2900) in
India there will be a tsunami of demand like that which has
happened in China. The tipping point is between $3500 and
$4000 and we still have markets like Indonesia, Malaysia,
the Philippines and Thailand. India is well placed as an export
centre, but I am not sure about (shipping cars to) western
Europe. We must wait and see. It could become a source of
right hand drive exports of sub B-sector cars to the UK and
markets like Australia. In some (Asia Pacific) markets the
Japanese OEMs have a 96 percent share and they have no
right to say they will always be dominant. We have specific
plans to get back into business in Indonesia.
Steve Girsky was named GM vice chairman, Corporate Strategy and
Business Development in 2010. He has overall responsibility for corporate
strategy, business alliances, new business development and other related
areas. He has been on the GM board since 2009, and was a senior advisor
to the Office of the chairman before he was named vice chairman.
Tim Lee was appointed president of GM International Operations in 2009.
Based at GMIO’s headquarters in Shanghai, China, he oversees GM’s
operations in Asia, Australia, Africa, the Middle East, Russia and the CIS.
Tim Lee had served as GM group vice president of Global Manufacturing
and Labor Relations; prior to that assignment, he was GM North America
vice president of Manufacturing from 2006 to 2009, and was a member
of GM’s North American Strategy Board. While in Zurich, Switzerland, Lee
was GM vice president of Manufacturing, and was responsible for all GM
vehicle manufacturing and assembly plants in Europe.

“We will make some mistakes, but
I would rather make mistakes by
moving fast than make them moving
slowly. The show’s message is that
smaller is bigger”
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Transport electrification

Electric synergy or

future-sho
clean energy & Power generation

The power industry will soon face the twin challenges of
charging large numbers of electric vehicles while at the same
time increasing the proportion of intermittent renewable
energy in the generation mix. Yet, as Anthony Smith reports,
smart grids and smart cars could hold the key to a new lowcarbon electrified transport economy

When it comes to electric vehicles,
it’s the obvious question to ask. How
would the power industry cope in the
most extreme case – a mass roll-out
of electric vehicles, all recharging in an
uncontrolled manner? The answer is
perhaps all too clear.
Imagine the scene: ten years from
now, like so many of your neighbours,
you’ve just purchased an electric
vehicle following the recent government
incentives. You’ve returned on your
daily commute from work and get ready
to connect the vehicle for overnight
recharging using the dedicated socket in

10
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your domestic garage.
You plug your vehicle in, flick
the switch and in an instant your
neighbourhood blacks out as the local
substation transformer overloads
under the combined weight of the usual
evening peak in demand for electricity
overlaid with the recharging loads of
all of those new EVs which, like yours,
have just been plugged in for overnight
recharging.
Elsewhere, in a regional grid control
room, operators are struggling to
maintain system stability. As the
evening peak in electricity demand

approaches, the light is falling across
the roof-mounted photovoltaic arrays
and concentrated solar farms, the wind
has dropped and the seas are becalmed
around the new wind and wave
generators that make up so much of the
generating capacity these days.
The grid operators are getting used
to ever higher levels of variability in
both generation and consumption,
forcing them to cope with oversupply
and waste of energy as often as they do
shortage. With the increasing cost and
volume of the largely fossil-fuel based
response services needed to maintain
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hock
the grid in balance in this
unpredictable environment, the
price of electricity is becoming
increasingly expensive and
the carbon intensity of power
supplies is exceeding the
nation’s climate change
targets.
While such a future scenario
might well be regarded as
extremely pessimistic, it is
arguably quite a plausible
outcome if there is a
collective failure of the
automotive and power
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MERGE published results
Just a year into its progress the MERGE project (Mobile Energy
Resources in Grids of Electricity) has published the following results:

Defining requirements for
plug-and-play charging

This study involved a detailed investigation of the requirements for
both the power and information and communication technology (ICT)
aspects of the required future plug-and-play interface between EVs
and their charging infrastructure. In terms of power infrastructure the
project team investigated the requirements for charging connector
standardization and power level requirements ranging from simple
single-phase charging to multi-phase AC or high-voltage DC fast
charging and interactivity scenarios with grid services.
The ICT aspects of the study examined user authentication,
communications protocols and payment methods – effectively all of
the necessary means by which the individual vehicle and its charging
needs can be recognized, the customer identified and payment
transacted in a safe and secure manner.
In forming recommendations from this work the team in
particular considered the requirements of standardization of
charging methods and infrastructure in order to enable the type
of effective ‘roaming’ services that would be needed to provide
freedom of EV use comparable to that enjoyed today from vehicles
powered by liquid fuels. Indeed, the level of charging network and

vehicle interaction required to achieve this level of utility perhaps
bears a rather greater similarity to the mobile phone than to
vehicles of today.

The role of smart metering technology

Smart metering is an essential enabler in moving beyond today’s
‘dumb’ charging methods for electric vehicles. These technologies
provide a potentially effective means of enabling EV charging
functions on a universal basis – including, for example, facilitating
communication between the vehicle, grid and stakeholders (such
as aggregators) for the purpose of optimizing energy demand
management.
The smart meter can be on-board the EV or integrated with
the charging points. The study reviewed existing smart metering
solutions under development by European industry and aimed to
provide guidance to enable future EV smart metering solutions to
be fully integrated with other emerging technologies and solutions
in the field of electricity and remote control. Notable amongst these
was, for example, the adoption of local home management schemes
dealing with micro-generation, responsive loads and the potential of
EV batteries as a source of grid energy storage.

Smart grid opportunities

MERGE has carried out an examination of how micro-grid concepts

“We strongly believe that the EV needs to be viewed as an
integral part of the power system. Unlike current liquid fuelled
vehicles, the fuel chain and operating patterns of a future
large scale EV fleet will be inextricably linked” Ricardo chief
technology and innovation officer Professor Neville Jacksonx
12
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could be used together with advanced control technologies in
a smart-grid implementation of EV charging, both individually
and in clusters of vehicles. The key difference with the existing
stationary micro-grid resources is that the EVs are mobile
devices which are not always present, which requires a new
approach if their capacity is to be fully exploited.
Management of the charging process is a key issue and
three scenarios were addressed: ‘dumb’ charging (where
each EV charges its battery without reference to external grid
restrictions), charging based on a specific fixed dual tariff
scheme, and a smart charging scheme that adjusts according
to network restrictions in order to balance generation and
load against, for example, the prevailing availability of
renewable power.
The MERGE project has already scientifically demonstrated
the potential of the smart grid as a key enabler for integrating
electric mobility. In Germany for example, an EV market
penetration of 10 percent would increase the country’s
peak electrical load by 9000 MW to a total of 72000 MW at
8pm each day based on a ‘dumb’ charging scenario of users
charging their cars when returning from work. The smart
control envisaged by MERGE would enable these 9000 MW
additional loads to be moved into off-peak overnight periods,
thus leaving peak demand unchanged. In this way overloads

industries to move beyond a model of
‘dumb’ charging of any future largescale electric vehicle fleet. Indeed, such
a failure might even work as an effective
brake on the market penetration of EVs,
meaning they might undershoot the
current targets of policymakers.

A more positive outlook –
symbiosis and synergy

Far from compounding challenges
and stresses on the power grid, an
increasing reliance on renewable power
coupled with a mass roll-out of electric
vehicles could – if implemented using
emerging smart grid and intelligent
vehicle charging technologies being
proposed and developed by Ricardo
and its research partners – provide
genuine operational synergies as well as
economic benefits.
In this alternative scenario of
symbiotic interaction between a future
large-scale electric vehicle fleet and
the power grid, EVs could become a
major element of the solution to the
problem rather than a cause of stress
on the power distribution system. New
commercial opportunities would open
up both for established players in the
power industries and for new economic
actors such as vehicle aggregators
who would sell and manage recharging
service contracts to the EV owners.

would be avoided and the existing power infrastructure
would benefit from more efficient utilization.

Consumer attitudes and behaviours

The final study for which results have already been published
by MERGE focuses on the identification of traffic patterns
and human behaviours relating to the use of EVs. This study
investigated how conventional vehicles are currently used
and the potential impact the widespread introduction of
EVs would have on the grid. A detailed consumer attitudes
questionnaire was sent in eight languages to a range of
distribution lists by all partners in the MERGE consortium.
Over 1600 responses were obtained, representing a crosssection of the European population and focusing in particular
on Germany, Great Britain, Spain, Greece, Portugal and
Ireland. The questionnaire responses provided statistics
on the proportion of responders that would participate in
multiple-tariff electricity rates, as well as potential usage
patterns. These data have been used in basic models of
the energy requirements of EVs under different ‘dumb’ and
‘smart’ charging scenarios.
For further information on the results of the MERGE project see the
web site: www.ev-merge.eu.

Most of all, for the vehicle owners, added
value could be returned in exchange for
the services they provide to the grid, and
they would also be able to enjoy the type
of flexibility and roaming freedom of use
that is the current expectation of mobile
phone users.
“We are seeing a significant interest
from the power industry,” says Ricardo
chief technology and innovation officer
Professor Neville Jackson. “They want
us to help them understand both how
to accommodate the needs of a future
large-scale electric vehicle fleet while
also exploring how we can maximize the
opportunities for exploiting the vehicles
as an asset within the power system.”
“This interest lies both in ensuring
the integrity and reliability of the local
distribution network using both targeted
reinforcements and smart microgrid technologies, and on the basis of
large scale aggregation of vehicles to
facilitate the provision of commercial
balancing and response services
crucial to the power grid’s effective
management,” adds Jackson.

Roll-out of the
first wave of EVs
such as Ford’s
Focus BEV (left) is
being supported
the installation of
on-street charging
posts such as
Elektromotive’s
Elektrobay
(below)

Grid management and
control

Almost all large-scale electrical power
systems globally are based on wide-area
synchronous networks providing bulk
energy to their various geographically
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Comparison of
demand profiles
for selected EU
member states
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The effect of ‘dumb’
versus ‘smart’
charging of EVs based
on the German grid
and assuming 10%
of vehicles in fleet
EVs, one overnight
charge per day at
3kW, average vehicle
energy requirement
of 0.16kWh/km for
a typical of 40km
daily commute, and a
recharging efficiency
of 90%

distributed access points and
substations. Supplies provided by the
grid’s generating mix of nuclear, coal and
gas-fired power stations, wind farms
and back-up generators are balanced
with user loads across a very large area
operating at a uniform and synchronized
AC frequency.
In addition to enabling the pooling of
generating capacity, such a grid enables
the sharing of control systems and the
various back-up resources required for
the management of unexpected peaks
or troughs in demand or disturbances
such as outages of major generating
units. Electricity cannot be stored in
AC form so one of the most important
functions of grid control is to precisely
match on an instantaneous basis the
generating capacity connected to the
grid with the loads extracted from it by
electricity customers.
Grid operators have a high level
of expertise in demand forecasting
and use this knowledge to plan their
operations from a seasonal to a minuteby-minute basis. In addition to adding
or removing generating capacity at
any instant, they have additional tools
that can be used to smooth peaks
and troughs in demand. These include
generating units that convert surplus
electrical energy during valley hours

Bucks for balancing: can electric vehicles of the future
extract cash – and carbon – from the power grid?
In a landmark study by Ricardo and National Grid plc, a detailed
modelling exercise was carried out to quantify the potential
economic and carbon reduction benefits of using the projected UK
electric plug-in vehicle fleet in the year 2020 to provide frequency
balancing services to the country’s power grid on an appropriately
aggregated basis.
For the purposes of this work Ricardo developed a sophisticated
grid simulation model which was designed to simulate the impact
of electric vehicle charging based on a five-minute time step
throughout the day. This model incorporated technical and economic
data from National Grid regarding the projected requirement for and
value of balancing services at these time intervals. The need for such
balancing services would be be greater than those of today following
the fundamental shifts of the country’s generating mix in favour of
renewable generating capacity such as wind and wave power and
large-scale new nuclear stations. By carrying out simulations using
this model the value of balancing service provision per vehicle could
be assessed, along with the CO2 impact on the grid arising from the
merit order of generation – in effect National Grid’s projected priority
order of generating plant capacity – at each time step.
The grid load simulation model was intended to represent
the macro-level effects of the full plug-in vehicle parc on the UK
electricity grid during the period of interest and subject to the
variables considered. The model accounted for a range of usage
patterns and participation in smart grid management and vehicle-
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to-grid energy flow. As such, the value of the balancing services
provided by the grid is averaged across a range of users who do
not contribute equally, so the average price paid is less than the
price that would be paid to an individual contributing the maximum
response possible.
In order to evaluate the maximum potential return that could be
realized by an individual plugged-in vehicle owner, Ricardo developed
a further model to analyse the value of response at the level of a
single vehicle maximizing its engagement with the provision of
balancing services.

Economic case for EV balancing demonstrated

The results of this research project demonstrate the very clear
potential for the commercial exploitation of a future parc of electric
vehicles in the provision of grid balancing services while they are
connected for the purposes of daily recharging. Based on the
simplest mode of service provision considered – that of demand
management using a standard 3 kW domestic socket supply – the
UK plug-in vehicle fleet of 2020 would be capable of providing an
average of 6 percent of the country’s predicted daily grid balancing
requirement for the same year. This would be realizable at zero
investment cost and no inconvenience to the consumer, while
providing a financial return which, while limited, represents the
equivalent of 16 percent of vehicle electric ‘fuel’ costs.
If this same service was optimized to provide balancing services

Transport electrification

into a potential energy store available
to boost available power supplies during
peak periods; these systems include
pumped hydro-electric stations and
compressed air energy storage (CAES).
In addition to such potential
energy stores, exchanges of energy
can be made between neighbouring
synchronous AC grids using high voltage
direct current (DC) interconnectors.
These enable excess generating
capacity to be matched with excess
loads between adjacent grids without
the need for inter-grid frequency
synchronisation.
A future electric vehicle fleet will
clearly act as a significant additional
load on the power grid. It would,
according to Ricardo estimates, impose
a roughly 10 percent increase in peak
power demand for an equivalent market
penetration of plug-in vehicles in the
passenger car sector. This creates
a challenge if uncontrolled and an
opportunity if managed effectively, for
the recharging of the new EV fleet could
be managed to minimize its impact
on power system resources and could
even potentially be used as a resource
for energy storage and grid balancing.
Moreover, by moving EV charging loads
away from periods of peak demand for
electricity and focusing instead on the

valley hours where excess capacity is
available, the carbon intensity of the
power used for transportation can be
considerably reduced.
The local distribution network may in
many instances represent a pinch point in
the system that requires reinforcement
or intelligent use of micro-grid concepts.
In colder climates during winter months
for example, while charging can be
managed across the night-time valley
hours of electricity consumption when
most vehicles are out of use, preconditioning such as cabin heating,
de-misting and de-icing are likely to be
carried out using energy directly from
the grid and at an early morning time
clustered around driver usage patterns
rather than the operational convenience
of the power grid and distribution
network.

The MERGE project

Ricardo is engaged in a major research
initiative known as MERGE which aims
to evaluate the impacts that plug-in
vehicles will have on the EU electric
power systems in terms of strategic
planning, day-to-day operation and
market functioning.
MERGE, which stands for ‘Mobile
Energy Resources in Grids of Electricity’,
is a €4.5m, 16-partner consortium

at the most attractive time to reduce the carbon intensity of grid
power supplies rather than financial return to the vehicle owner, the
study showed that CO2 savings of approximately 82,000 tonnes per
year would be possible. This is equivalent to 14 percent of the total
emissions attributable to the power consumed by plug-in vehicles –
again, without any cost or inconvenience to the consumer.
Balancing is a fundamental requirement of the operation of
synchronous power grids the world over, and in an open market such as
that of the UK the provision of these services is subject to a commercial
rate of return. As efforts are made to reduce the carbon intensity of UK
grid power supplies, the need for balancing services is set to increase
due both to the clustering of base load provision in the form of largescale new nuclear capacity and a significant projected increase in
the proportion of intermittent renewable power in the UK generating
mix. These changes imply a requirement for capital investment in new
balancing services on the part of the power industry and ultimately,
its consumers. By using the plug-in vehicle parc in the opportunistic
manner described in order to act as a new source of balancing services,
at least part of this investment cost would be avoided.
The realization of these opportunities presented by the widescale
use of demand management of vehicle charging would require
the implementation of both smart metering technology as well as
mechanisms for the effective fleet-level aggregation of plug-in
vehicles. However, the key enabling technology of smart metering
is already mandated for introduction within the UK and indeed, at a

project that includes utilities regulators,
commercial organizations and
universities with interests in the power
generation, automotive, electronic
commerce and hybrid and electric
vehicle sectors across the entire
European Union. This major two-year
research initiative – part-funded by
the European Commission under the
Framework 7 programme – aims to
prepare Europe to take full advantage
of significant future increases in
both the use of EVs in EU towns and
cities, and the increasing proportion
of the EU member states’ electrical
power generating mix composed of
intermittent renewable resources such
as wind, solar and wave energy.
Key among the objectives of MERGE is
the development of a management and
control concept that will facilitate the
transition to mass integration of EVs.
The project aims to enable this through
the development of an evaluation
suite that consists of methods and
programmes of modelling, analysis
and optimization of electric networks
into which EVs and their charging
infrastructure are integrated. It is this
aspect in particular that Ricardo views
as important.
“We strongly believe that the EV
needs to be viewed as an integral part of

policy level, the results of this research clearly indicate a strong case
for government action to accelerate introduction in parallel with any
future increase in plug-in vehicle use.
Similarly if electric vehicle use is itself to be commercially
successful, mechanisms for the accurate identification of vehicles
and owners will be a key aspect of the implementation of charging
services enabling unfettered roaming for charging purposes beyond
the owners’ homes and places of work. Such user identification
mechanisms – whether implemented through mobile telecoms or
by-wire services – will clearly also provide an effective means for the
aggregation of vehicles for participation in grid balancing.
Within the guiding assumptions set, the research did not indicate
a commercial case for the development of vehicle-to-grid based
balancing services. However, the very significant potential revenue
streams available from this mode of operation are such that there
are likely to be opportunities for implementation in captive fleets of
specialist vehicles, or by vehicle aggregators if bi-directional charging
equipment costs become more attractive over time. Moreover,
there may well be other micro-grid advantages of vehicle-to-grid
technology – such as domestic or local area energy buffering – on
which a commercial case for implementation could be built in parallel
with the provision of grid balancing services.
The results of this study are due to be published in April 2011 in a joint white
paper by Ricardo plc and National Grid plc.
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“From our work on consumer attitudes and behaviours,
we know that despite the relatively modest cost of vehicle
re-charging, users are likely to be highly motivated by
price signals, encouraging their engagement – so this
potential is ours to realize” Ricardo chief technology and
innovation officer Professor Neville Jacksonx
the power system,” explains Professor
Jackson. “Unlike current liquid fuelled
vehicles, the fuel chain and operating
patterns of a future large scale EV
fleet will be inextricably linked – and
their interactions will have potentially
significant impacts upon power system
robustness and reliability, both at a grid
and a local level, as well as on the carbon
efficiency of electricity supplies. A major
focus of our work in the MERGE project is
therefore to help with the development
of an evaluation suite which will help the
power industry and future commercial
operators of vehicle charging and
aggregation services to identify the
most practical and sustainable modes
of vehicle-grid interaction and the
business models to facilitate them.”

Modelling grid connected EVs
In addition to active involvement in
many of the studies already published
by MERGE ‘[see box on MERGE on pages
12 and 13] a significant study being
carried out solely by Ricardo within the
project aims to establish a methodology
to enable grid operators to model the
energy storage performance of gridconnected EVs. This work will include a
review of current and probable future EV
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battery technology, battery simulation
model development, and assessment of
implications for charging stations and
vehicle battery management systems
design and operation. Possible EV
market penetration scenarios will also be
developed and the combined outputs of
this study will therefore enable the grid
operation partners of the MERGE project
to make use of these models in assessing
the impact of EV use and the potential of
future interactive services such as grid
demand management and balancing.
In addition to Ricardo’s involvement
with the MERGE project, the case
study presented on pages 14 to 15
describes work recently carried out with
National Grid plc. This work involved an
investigation of the potential market
for the provision by electric vehicles
of balancing services to the UK power
grid in the year 2020. The research
assumed current electric vehicle
architectures and was based on the
projected generating mix and balancing
service market in 2020. The project
has highlighted the commercial case
that can be made for participation
in balancing services by the EV user
and grid operator. Using demand-side
management of recharging alone, this

could yield 16 percent fuel savings
for the EV owner while providing
approximately 6 percent of the UK
grid’s daily frequency balancing service
requirement. If further optimized to
reduce the carbon intensity of power
generation, this same simple mode of
intelligent recharging could result in an
annual saving in the region of 82,000
tonnes of CO2.
“The development of an advanced
capability to model and simulate the
interaction of electric vehicle fleets
with the distribution network and grid
is key to the realization of concepts
and innovations that will maximize the
potential synergies between electric
vehicles and a power infrastructure
increasingly comprised of renewable
energy resources,” says Professor
Jackson. “From our work on consumer
attitudes and behaviours, we know that
despite the relatively modest cost of
vehicle re-charging, users are likely to
be highly motivated by price signals,
encouraging their engagement – so this
potential is ours to realize.
Ricardo is now in a strong position to
assist the power industry in identifying
the local network reinforcements and
the ideal parameters of recharging
services required for successful
implementation, explains Jackson: “In
addition, with our traditional customer
base in the automotive sector we can
assist in the specification and design
of the necessary on-board interfaces
as well as all other aspects of vehicle
architecture.
“Finally, we will be able to assist the
new class of electric vehicle aggregators
that are likely to emerge from the
power, telecoms, automotive industries
or elsewhere, in the design of tariff
structures and service offerings that
will minimize the carbon intensity of
electricity consumed for transportation
purposes. This would help ensure
smooth, effective and profitable
operation that is beneficial to all
stakeholders from vehicle owners to grid
operators.”
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Merge
vision

At the 2010 Paris meeting of
CIGRE (the International Council on
Large Electric Systems) Anthony
Smith spoke to two of the leading
organizers of the MERGE project, Nikos D. Hatziargyriou, deputy CEO of Public Power
Corporation SA of Greece, and Professor João Peças Lopes, director of INESC PORTO
and full professor at the Faculty of Engineering, Porto University, Portugal

INterview

Nikos D.
Hatziargyriou,
deputy CEO of Public
Power Corporation
SA of Greece (below),
and Professor João
Peças Lopes, director
of INESC PORTO
and full professor
at the Faculty of
Engineering, Porto
University, Portugal,
(left)

What are the key drivers for the power industry in carrying
out research into the potential future integration of EVs?
Nikos Hatziargyriou – PPC is the vertically integrated utility
in Greece; a generator, grid owner, and a distribution network
operator. We are also an energy retailing business so we are
interested in how EVs will affect our loads and also if there
are new business opportunities that can be developed by our
retail business. So both are important: to see how we must
develop our distribution and transmission network – both
positive and negative effects – and also to see if there are
new business cases that can be generated for our retail
business.
Since we are in the process of deregulating our networks
and our market is opening, we expect that our competitors
will be viewing the same opportunities.
What were the key skills that you sought in bringing
together the MERGE consortium?
NH – The consortium comprises a number of utility operators
apart from PPC, like Iberdrola of Spain and Electricity
Supply Board of Ireland; we have the regulatory authority of
Greece, two system operators from the Iberian Peninsula,
and also a number of research institutes, consultancies and
universities. Also while we do not have any automakers within
the consortium, we have the view of the automotive industry
primarily through the presence of Ricardo. So we have
brought together a very high level of technical knowledge in
this area.
Is it the case that the auto industry is currently
interested just in the vehicle engineering
aspects of EVs rather than the needs
of its energy chain?
João Peças Lopes – In my
opinion yes: I think that the
automotive industry has not
yet realized the problems that
RQ • Q1 • 2011
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“We are at a golden moment for
most of us; researchers, utilities,
and also the automotive industry
as well as some other partners such as
mobile communications companies who
will exploit these opportunities”
João Peças Lopes
need to be solved in order for these new concepts to take off.
For instance a very important issue here is that presently
the charging of the batteries of EVs is based on a common
rectifier, and the automotive industry has yet to realize
that it is necessary to change that. This is a very important
issue – we need to replace this with a much more flexible
and intelligent interface, to provide bi-directionality, to be
locally adjustable when charging regarding the electrical grid
variables (voltage and frequency) and to be able to receive
information in terms of communication and set points. This
has not yet been understood as something that needs to
be inside the vehicle – the vehicles of the new generation,
the ones that will survive in the scenario of a massive
deployment of electric vehicles. This is a very important
issue for the future.
So you feel that the auto industry is focusing on the vehicle
and treating recharging point as being effectively a ‘black
box’ supplying standard mains voltage?
JPL – Yes, but I don’t mean that they feel that this is
unnecessary. I think that they have not yet realized the
extent of the potential problem and the changes that this will
demand.
So do you see this as both an opportunity that they are
failing to exploit as well as a problem that they are not
addressing?
JPL – Yes that’s right.
NH – I think we have reached a major hurdle in the
development of electric vehicles. I think the automobile
industry does still not see the business case for EVs. If they
see the customer demand for them growing, then they will
move. I am very happy to see that many communities around
the world are starting to develop policies and incentives and
this is starting to drive the market.
It is often argued that automakers ceded to the oil industry
much of the value chain of motorised transportation in
the early twentieth century. Do you think it is effectively
repeating this mistake by allowing new entrants to the
market as EV aggregators (perhaps including mobile phone
operators)?
JPL – The mobile phone operators will become interested
in providing this type of service – I am definitely sure about
that. This new change is bringing a tremendous amount of
opportunities for many people; for electric power companies,
for independent operators, as well as for the automotive
industry. So I think we are on the verge of a real revolution.
For instance, a few years ago when mobile phones were in
their infancy, no one would have believed the extent of the
functionality and popularity of the smart phones today.
So I do believe that a similar thing will happen within the
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automotive industry with respect to the shift towards
electric mobility; the extent of potential services and
business opportunities is extremely large.
We are at a golden moment for most of us; researchers,
utilities, and also the automotive industry as well as some
other partners such as mobile communications companies
who will exploit these opportunities. The risk for the
automotive industry is that they allow these other partners
to be free riders on these opportunities, taking the future
profits from the opportunities that we are building up now.
If we fail to move beyond a dumb charging model for
EVs, do you have a sense of the effective limit on market
penetration without further reinforcement of the power
distribution system?
NH – If you take the grid as it is today, then you can only
go very little beyond the situation as it presently is. You
can go perhaps ten percent beyond peak load and more
congested areas cannot go beyond this level without further
investment.
JPL – We have done some initial studies in typical networks
and we have shown that the bottleneck is really on the
distribution side at the level of the distribution transformers.
It depends on the local situation but typically we will be below
the 10 percent EV use level as a ceiling. It is not possible
to make that level of change so if I try to introduce EVs in a
given neighbourhood I will not be able to reach 10 percent
– I will need to stop before this. But if we implement smart
charging approaches we can go up to 50 percent without
major infrastructure investment in the electrical network
reinforcements.
So you would not need network reinforcements even at a
local level?
JPL – Absolutely, not even at a local level. Of course you
would need some new plugs and cables for recharging
points but, other than that, not much. Why? Because we are
moving most of the charging load towards the ‘valley’ hours.
Of course we have to rely on the willingness of the drivers –
as has been identified in the study that Ricardo conducted
– to do this. But as identified in that study, 75 percent of the
drivers are willing to do so.
In parallel with the roll-out of EVs on the roads of Europe,
there is also a significant increase in the use of renewable
generating capacity. What do you see as the synergies and
obstacles to these two parallel developments?
NH – Well if we look at the effect of mobility on the
environment then it only makes sense to replace fossil fuel
use with electric mobility if you power it with clean energy.
So if we can see the future EV fleet as a potential form of
dispersed energy storage then we can store the surplus
renewable energy during the valley hours when we don’t
really need it, and use it during peak hours. So this is a real
potential synergy between EVs and renewable power. Beyond
this, the vehicles can be used to provide ancillary services
such as primary and secondary frequency response.
Presumably such ancillary services could also be based at
a lower level of implementation on simple smart charging
without the capability of vehicle-to-grid power flows?
JPL – Yes, because there are two steps here. The first step
is where you just take it to the level of profiting from the
flexibility of this new load on the grid. You can do a lot by simply
exercising flexibility on timing and charging rate of the battery.
This is extremely good in promoting reliability of the grid as it
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provides a valuable balancing service. The other step is the socalled V2G where part of the energy is stored within the vehicle
but may be given back to the network later. But of course there
are difficult issues to be clarified including ownership of the
batteries and round-trip charging-discharging efficiency, but
this is a potentially very attractive option – not least because
in many European countries we will be facing a surplus of
renewable power during valley hours, especially during winter.
For example in my own country, Portugal, we had several
days last winter where there was more renewable energy than
consumption. Fortunately in our position we could export the
excess energy to Spain but in an island situation, this is not
possible. To waste such renewable energy is crazy if instead
we could store it and use it later to avoid CO2 emissions. The
potential benefits we can get from V2G are really fantastic.
Presumably part of the attraction for the grid and network
operator is that this is a ready made energy store and
potentially more commercially attractive than investing in
further compressed air energy storage or pumped hydro?
JPL – It’s even better than that: we can even reduce the
level of our reserves. At the moment the power system is
managed by a certain level of reserves. If we can realize the
potential of EVs as an energy store from the flexibility of
the new charging technologies that we are creating, we can
decrease the amount of conventional generation reserves,
provided we have all of the necessary enabling infrastructure
for V2G on the ground.
Do you feel that the current framework of pricing and
penalties for carbon emissions in the power generation and
automotive industries is sufficient to encourage a move
towards the type of technologies proposed by MERGE?
JPL – Climate change is an unavoidable challenge for all
of us. Even if we currently have policies that can in certain
cases make diesel engines look better than electric vehicles,
I think there will come a moment when there is no other
route to take than to electrify transportation based on
renewable power. It is possible that the automotive industry
will manage for some time to reduce its carbon emissions
based on conventional combustion technology, but there
is a point beyond which you cannot go if you are to address
climate change.
NH – At the moment and especially after 2013 we will face
very high taxes for the production of energy from coal and
this encourages us to move towards renewable resources.
JPL – This will become effective as soon as we have a CO2
market that works properly. If we are capable of creating a
properly functioning CO2 market in Europe, we will achieve
our goals. As Nikos says, there is no other way.
What do you think will be the most tangible benefits of
MERGE?
NH – The main result that will come from MERGE is a road
map for the development of EVs in Europe. The European
Commission is now putting significant efforts into
developing policies and to finance or provide regulatory
advice and provide incentives for electric vehicles. The
power industry, for example in the form of EURELECTRIC,
has perhaps been slightly quicker and has already put some
standards in place. CIGRE (the International Council on Large
Electric Systems) has also recognized this need and has set
up a working group in this area. The level of interest in this
area is unprecedented – a membership of 10-15 is typical for
such working groups whereas in this one there are more than
50 members providing experience from all over the world.

JPL – The MERGE project is a first step towards the
identification of the specification of new products that we
can transfer to the industry. I think that we have identified
the problems and we have identified some solutions in terms
of architectures. And we will even try to find out some ways
to start standardization, but the most important thing at
this stage is that we start to build prototypes. We need
to move ahead: we cannot stop because we are doing an
excellent job by identifying all of these solutions – yet they
will be just very interesting pieces of work and that’s not the
result we want. We want these concepts to be passed to
industry and for them to result in products.
I think that now the important thing is to find the right
partners from industry to proceed and take some of these
ideas forward so that they move beyond being just a nice
report. We need to move ahead and take the lead. This is
an opportunity for European industry to lead the world and
start doing pilots and demonstrations to show that these
concepts can work.
In this next step it is important that we have a lot of
participation and engagement from the automotive industry.
We need to convince the automotive industry to have the
necessary interfaces on board the vehicle.

“If you take the grid as it is today,
then you can only go very little
beyond the situation as it presently is.
You can go perhaps ten percent beyond peak
load and more congested areas cannot go
beyond this level without further investment”
Nikos D Hatziargyriou
So you feel that the European Commission has recognized
the urgency of this need?
JPL – Yes I think the Commission realises that it is very
important to have results soon and to know how to
move ahead quickly. Also we need to start doing more on
dissemination and getting the message out to industry.
How does Europe stack up against the rest of the world in
terms of our willingness to embrace and develop nextgeneration EV technologies?
JPL – With regard to the inter-relationship of the EV with the
wider electric system and the interfaces that are needed
to fully facilitate an effective mass roll-out, Europe is most
definitely one of the leaders.
NH - There are a lot of ideas and interest in the United States
but perhaps less action than Europe in this area to date.
However, past experience shows that when the US decides to
move, it will do so very quickly.
JPL - We have a tremendous opportunity to move ahead in
this area. Let’s do it!
Prof. Nikos D. Hatziargyriou is deputy CEO of Public Power Corporation
SA of Greece, responsible for the Transmission and Distribution
Divisions, island DNO and the Center of Testing, Research and
Prototyping, which has intensified its activities in R&D in the last years.
He is also professor at the National Technical University of Athens.
Prof. João Peças Lopes is director of INESC PORTO and full
professor at the Faculty of Engineering, Porto University (FEUP).
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ahead
Platoon

passenger car

Platooning may be the new way of travelling on motorways in as little as ten
years time according to the Ricardo-led SARTRE project which has announced
the first successful demonstration of its technology. Anthony Smith reports
Just under halfway through its three
year programme of work, the European
collaborative research project SARTRE
– which stands for Safe Road Trains for
the Environment – aims to develop and
demonstrate road train technologies
that will enable improvements in
traffic flow and faster journey times,
offering greater comfort to drivers,
reducing accidents and improving
fuel consumption, hence lowering CO2
emissions.
In landmark tests carried out in late
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December 2010 at the Volvo Proving
Ground close to Gothenburg in Sweden,
the SARTRE team has for the first
time successfully demonstrated its
platooning technology based on a single
lead and following vehicle.
The approach being taken by the
SARTRE consortium is to develop a
comprehensive platooning system
contained entirely within the
participating vehicles and without the
requirement for any external road-side
infrastructure. This is a fundamentally
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First following vehicle
tests of the SARTRE
system at the Volvo
proving ground,
December 2010

different approach from the many
previous attempts at developing road
train technologies going back over
many decades; these past approaches
have relied upon road-side modules for
communication, location and control of
platooned vehicles.
“The SARTRE project brings together
a unique mix of technologies, skills and
expertise from European industry and
academia, with the aim of encouraging
the development of safe and
environmentally effective platooning,”

explains Tom Robinson, SARTRE project
co-ordinator, of Ricardo UK Ltd. “By
developing and implementing the
technology at a vehicle level, SARTRE
aims to realize the potentially very
significant safety and environmental
benefits of road trains without the need
to invest in expensive changes to road
infrastructure.”
With road space increasingly at a
premium on the crowded highways of
Europe, and with public sector spending
already being squeezed across member

states, a system such as this that
would enable platoons to be operated
safely and effectively without the need
for infrastructural investment could
be extremely attractive to highways
authorities as well as to drivers. If
successful, the benefits from SARTRE
are expected to be significant. The
estimated fuel consumption saving for
high-speed highway operation of road
trains is in the region of 20 percent
depending on vehicle spacing and
geometry. Safety benefits would arise
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Eric Coelingh,
engineering
specialist at Volvo
Cars, reads the
paper and drinks
a coffee while
demonstrating the
SARTRE system

from the reduction in accidents caused
by driver action and driver fatigue, and
the effective utilization of existing road
capacity would also be increased –
offering a potential reduction in journey
times. For users of the technology the
practical attractions of a smoother,
more predicable and lower-cost journey
and the opportunity of additional free
time will be considerable.
In the first year of the programme,
SARTRE focused upon the concept
development, which has seen the
seven-partner consortium investigate
the basic principles of a feasible
platooning system. Issues investigated
have included usage cases, human
factors and behaviours associated with
platooning, core system parameters,
and specification of prototype
architecture and modes of application.

Trained driver in the lead
vehicle

The concept of platooning, as envisaged
by the SARTRE project, involves a
convoy of vehicles where a trained
professional driver in a lead vehicle
guides a line of other vehicles. The
system is designed to be able to
accommodate a range of different
vehicle types including cars, trucks
and long-distance coaches, and is
intended to be able to operate within
a mixed traffic environment alongside
conventional vehicles.
Drivers of SARTRE-equipped vehicles
would be alerted via a human machine
interface (HMI) to the presence and
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destination of nearby platoons and
would be able to request access.
Once control has been handed over
to the platoon, the joining vehicle
would be driven autonomously under
the supervision and control of the
lead vehicle driver. Each car or truck
within the platoon continuously and
automatically measures distance,
speed and direction and adjusts to
the vehicle in front. All vehicles are
totally independent and can leave the
procession at any time by resuming
control via their own HMI. But, once in
the platoon, drivers can relax and do
other things while the platoon proceeds
towards its long-haul destination.
The SARTRE system under
development involves the use of
cameras and radar systems for relative
position sensing, GPS for absolute
positioning, and automotive standard
802.11p WiFi modules for inter-vehicle
communications.

Tangible benefits

This form of platooning has the potential
to deliver very tangible benefits to the
participating drivers. Apart from the
obvious advantage of freeing time for
other activities through the automation
of the driving process, the much
shorter gap between vehicles would
have benefits in terms of fuel savings
thanks to reduced aerodynamic drag.
In addition to making better use of the
available road space, congestion would
also be reduced through the avoidance
of ‘ghost’ traffic jams where driver

reaction time delays cause a ripple
effect upon traffic flow. This is possible
because the platoon control system is
able to react much faster than human
drivers would be able; something that
also potentially enhances safety for
participating vehicles.
Before moving to vehicle tests in
month 13, the SARTRE project team
carried out extensive simulator-based
work so that human factors in the
implementation of road train technology
could be thoroughly investigated. A
sample group of men and women of
varying ages and driving experience were
tested using a simulator. This provided
a 120-degree forward field of view via
two LCD screens through which a total
length of 18 km of virtual motorway could
be driven. The simulator incorporated
a steering wheel with force feedback,
realistic manual/automatic transmission
controls and a haptic seat installation;
the combination provided a highly
realistic virtual driving environment.
This simulator-based work has
enabled the team to assess in detail
the response of drivers both while
participating in road trains and while
driving independently in an environment
in which road trains are operating.
Key findings from the human factors
study included assessments of the
acceptable distance between vehicles
and the acceptable length of a platoon
(by both platoon and other drivers). In
this respect it appeared that the level
of acceptable platoon length was in
excess of the prototype system under
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development, with those taking part in
the study considering platoons of up to
fifteen cars to be acceptable, whereas
the SARTRE project is developing a
prototype platoon of no more than five.

On-board modules

In parallel with the simulator-based work,
other members of the team spent much
of the first year and a half of the project
working on the development and testing
of the on-board systems for the first
SARTRE equipped vehicles. In addition to
the optical and radar sensors incorporated
in both lead and following vehicles, the
necessary communications and control
systems architecture needed to be
defined, developed and tested. To prepare
for the first multi-vehicle tests, a Volvoowned truck was equipped as a platoon
lead vehicle, with an S60 sedan fitted
as a participating vehicle to be driven
autonomously as a following vehicle.
Having defined the overall
architecture and technical specification
of the system and developed the various
on-board modules, the first live vehicle
tests, carried out in late December
2010, provided the first opportunity for
testing outside the environment of the
simulator. “We were very pleased to see
that the various systems work so well
together already the first time,” said Eric
Coelingh, engineering specialist at Volvo
Cars. “After all, the systems come from
seven SARTRE member companies in
four countries.”
The challenge of these first tests
of the platooning system was further
compounded by the severe weather
facing much of northern Europe at this
time, with sub-zero temperatures and
snow coverage: “The winter weather
provided some extra testing of cameras
and communication equipment,”
observed Coelingh.
“We focused these first tests on the
control and sensor system, and we also
spent some time evaluating the first
iteration of the HMI,” added Tom Robinson
of Ricardo. “Issues such as longitudinal
and lateral string stability have been
assessed. The two-vehicle platoon was
driven at up to 40 km/h with a gap size of
10 m. Both ‘join’ and ‘leave’ manoeuvres
were also tested. The initial programme
of testing was very successful and we
gathered sufficient information to enable
further development of the SARTRE
system to continue.”

Technology development
underway

With the first live vehicle tests already
completed, SARTRE technology
development is now well underway.

Based on the work carried out to date,
the project’s participants – which in
addition to Ricardo include Applus+Idiada
and Tecnalia of Spain, Institut für
Kraftfahrzeuge Aachen (IKA) of Germany,
and Volvo Car Corporation, Volvo
Technology and SP Technical Research
Institute, of Sweden – believe that it is
sufficiently mature to be able to go into
production within just a few years time.
However, what may take considerably
longer is public acceptance and
legislative requirements. Regarding
the former, the project team is already
building up a considerable knowledge
base of experience built up firstly on the
simulator and now on live vehicle testing.
From this work the team believes that,
given commercial availability of the
system and appropriate lead driver and
user training, these hurdles may well
be overcome much in the same way
that public acceptance of fly-by-wire
commercial aircraft or autonomous
guided vehicles is these days taken for
granted. Yet, of the two, legislation is
perhaps a slightly greater obstacle as
compliance with existing regulations
such as the Vienna convention and
the requirement for new regulations
specifically relating to platoons might
well be required at member state level
across the entire EU.

Next steps

Following these successful first tests, the
next steps for the SARTRE project team
are to develop and prove the system
operation working at higher speeds, and
with shorter gaps. Later in 2011 they
expect also to start extending testing
of multiple following vehicles, and also
alternative ‘join’ and ‘leave’ manoeuvres.
This will include, for example, the ability
for vehicles to enter and leave the platoon
from the side with the appropriate intervehicle gaps being opened up and closed
automatically as necessary to enable the
manoeuvre to take place.
“The first following-vehicle tests
were a major milestone for what is a
very important European research
programme,” said Tom Robinson of
Ricardo. “Platooning offers drivers the
opportunity to utilize their time more
effectively while at the same time
helping society and industry to address
safety, environment and congestion
challenges. With the combined skills of
its participating companies, SARTRE is
making tangible progress towards the
realization of safe and effective road
train technology”.
As development is completed in the
early part of 2012, the consortium
expects to be able to demonstrate a

fully functioning implementation of
SARTRE to stakeholders including
the automotive industry, highways
authorities, European government
agencies, and the public.
The SARTRE project is led by Ricardo and partfunded by the European Commission under
the Framework 7 programme.

New leader for ITS at
Ricardo
David Rollafson has joined
Ricardo in the role of global
product group director for
intelligent transport systems
(ITS). He joins Ricardo from
Q-Free ASA where he was
managing director of the
UK subsidiary of this global
supplier of solutions and
products for road user charging and traffic surveillance.
In this role he was responsible for the realization of
major projects across the Europe, Middle East and
Africa region, as well as for the successful transfer to
the parent organization of IPR acquired as a result of
the purchase of his former company of which he was
founder, Building Capital Ltd.

“

ITS technologies are already enabling
significant innovations to take place in the way we use
transportation. By facilitating communication between
vehicles and with the surrounding telecommunications
infrastructure, we have already seen significant
advances in areas such as road user charging, remote
vehicle monitoring and intelligent navigation systems
in products that benefit fleet operators, highways
authorities and consumers alike.
But as the work of the SARTRE consortium
clearly shows, there are many further exciting and
advanced technologies that can be brought together
in genuinely beneficial future innovations. Within
SARTRE we are aiming to improve safety, reduce
fuel consumption, enable more effective road space
utilization and improve the travelling experience
for road users. Despite the fact that the realization
of a full implementation of such a platooning
system may be many years away, the constituent
technologies of advanced sensors, positioning
systems and autonomous driving technologies may
well find application much sooner in more near-market
innovations such as advanced collision avoidance
systems.
It is important therefore that Ricardo is an active
participant in leading-edge research such as SARTRE,
both in order to provide long-term direction to
product development as well as to supply advanced
technologies for products that in the much shorter
term too will reduce fossil fuel use, improve road space
utilization and, perhaps most importantly, enhance
vehicle safefy and hence save lives.

”
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Ricardo news

Latest developments from around the global Ricardo organization

Defence

Ocelot prepares
for production
Just a month after the Ocelot was
selected by the UK Ministry of Defence
as the future light protected patrol
vehicle for British armed forces, Force
Protection Europe and Ricardo signed a
contract for the manufacture of the first
200 vehicles. Production is scheduled to
commence at the Ricardo special vehicle
facility at Shoreham in July; in UK service,
the vehicle will be known as Foxhound.
“The award of this contract by Force
Protection Europe is excellent news
and marks a fantastic start to 2011 for
Ricardo,” commented the company’s
CEO Dave Shemmans. “The Ocelot/
Foxhound is a major advance in defence
vehicle technology, offering an agile
and highly flexible vehicle package
with unparalleled standards of crew
protection. We are pleased to have
played a central role in developing this
innovative new vehicle and look forward
to working with Force Protection in the
manufacture of the first 200 Foxhounds
for use by British forces.”
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Export success

Separately, two Ocelots have been
prepared by Ricardo as a part of Force
Protection Europe’s involvement with
the Australian Land 121 programme.
On 8th February, as the vehicles were
in the final stages of preparation for
export, UK Minister for International
Security Strategy Gerald Howarth MP
visited the Shoreham Technical Centre
to congratulate the team responsible.
“The Ocelot is a testament to British
design and engineering skills,” said the
Minister. “It has already been selected
by the UK Government for our Light
Protected Patrol Vehicle programme
as it offers unparalleled levels of
protection for a vehicle of its size and
weight, with exceptional performance
both on and off road. I believe the
Ocelot has the qualities which other
armies require to meet today’s
operational challenges, and I wish the
team every success in exporting this
excellent vehicle.”

UK Minister for
International Security
Strategy Gerald
Howarth MP (right)
addresses the team
responsible for Ocelot
during a visit to the
Shoreham Technical
Centre, and (above)
the two Ocelots
exported to Australia
for the Land 121
programme

Martin Fausset, managing director
of Ricardo UK, added: “I was pleased to
welcome Gerald Howarth to Ricardo to
preview the two Ocelots exported for
the Australian Land 121 programme
and to meet the teams responsible for
the design and development of this
highly advanced vehicle concept. We
are extremely pleased to be working
with Force Protection Europe to develop
further opportunities for this truly classleading vehicle on a global basis.”

Ricardo News

Clean Energy and Power Generation

Taking the EV beyond
the ‘city’ car
Ricardo is to develop a new electric
vehicle (EV) technology platform to
demonstrate technologies capable of
delivering acceptable performance
across all segments of the vehicle
market. This work will be carried out
in collaboration with the company’s
partners in the Low Carbon Vehicle
Technology Project (LCVTP), the £29
million research programme funded by
Advantage West Midlands, the European
Regional Development Fund and the
seven collaborators, including Ricardo.
To date, most EV products and
research demonstrators have focused
upon urban ‘city’ car applications in
which vehicle power requirements
and recharging needs can be met
comparatively easily. For larger C-D
segment vehicles, issues of cost, range
anxiety and real-world duty cycles –
such as the need for intermittently
fast operation with frequent stopping
– present significant and fundamental
challenges. Potentially, however,
these larger vehicles represent a more
attractive emissions reductions target
than ‘city’ cars, owing to their typically
higher fossil fuel consumption using
conventional powertrains.
Through its work with the LCVTP
Ricardo aims to develop technologies
offering practical solutions to the
challenges of EV applications across
all vehicle segments. The aim is to
demonstrate the benefits achievable
using existing technologies, as well as
the potential for integration of advanced
EV architectures in a future intelligent
transportation infrastructure.

A new EV demonstrator

Ricardo will lead in the development
of an EV technology demonstration
platform, based on a Freelander 2
SUV that has been loaned to the
LCVTP team by project participant
Jaguar Land Rover. This platform
will be developed through three key
stages of work within the partnership;
the first, planned for completion in
the late spring of 2011, will see the
vehicle converted into a simple battery
electric vehicle (BEV), incorporating
efficiency optimized control strategies
within a simple architecture based
on a conventional 3kW recharging
rate. The next stage will incorporate
location awareness and adaptive route

control – building on Ricardo’s previous
work in this area – along with vehicle
level improvements and optimization
of weight, parasitic losses and
aerodynamics, demonstrating some of
the achievements delivered by the work
of Ricardo’s fellow LCVTP partners.
In the third and final stage of work,
the demonstrator will be developed
into a range-extended electric vehicle
(RE-EV) architecture, incorporating
an advanced auxiliary power unit (a
gasoline engine integrated with a
generator) developed within the project,
for on-board battery recharging.
Scheduled for completion towards the
conclusion of the LCVTP in late 2011,
this revised architecture will provide
the basis for ongoing development of
enhanced control strategies for HVAC
and other systems to further optimize
comfort and energy efficiency.
Following completion of its work on the
LCVTP, Ricardo will continue to evolve the
EV technology demonstration platform
through further technological stages, in
order to realize the breadth and depth
of research and development that the
company is investing in within this field.
Commenting on the announcement
of this new technology demonstration
platform within the LCVTP, Ricardo
chief technology and innovation officer
Neville Jackson said: “The creation
of this electric vehicle technology
demonstration platform is an excellent
illustration of how this far-reaching
research initiative is acting to help pull
forward next-generation automotive
innovations. This work will help move
the development of electric vehicle
architectures beyond the city car,
quantifying the benefits of a range of
new approaches to energy storage,
energy management, “smart” control
processes and energy efficient
ancillaries whilst addressing range
anxiety issues. The challenges in
deploying electric drive architectures
to larger vehicles create the demand
for ever higher levels of innovation, a
core competence at Ricardo. The LCVTP
programme is wholly integrated with
our own strategic activities through
which we aim to create a range of
practical, cost effective, electrified
vehicle technologies that can be applied
to create future low carbon vehicle
products.”

Agricultural & Industrial Vehicles

TaxiBot takes off

Following successful testing of the TaxiBot system
on commercial airliners, Ricardo has been awarded
a contract to support Israel Aerospace Industries
(IAI) through the next development stages of the
semi-autonomous taxiing vehicle that aims to reduce
aviation fuel costs, environmental footprint and
ground noise.
“We are pleased to have placed this contract
with Ricardo and to have their support in the next
phase of TaxiBot development,” said IAI director of
Innovation and Strategy, Ran Braier. “The TaxiBot
project represents a truly innovative combination of
aerospace and vehicle engineering skills that offers
huge potential for the airline industry worldwide in
the reduction of fuel consumption and ground noise.
We are sure that we have made the right choice when
selecting Ricardo for this job; the Ricardo team has
proved it has an extremely high engineering capability
which without any doubt is at the cutting edge of
technology in the automotive industry. ”
Ricardo’s involvement in the development of IAI’s
TaxiBot concept dates from the very start of the
engineering programme for the first demonstration
vehicle in 2008 (see RQ Q1/2010). After an initial
feasibility study, Ricardo developed a detailed
programme for IAI for a working demonstrator
vehicle with representative capability in order to
prove the concept. Ricardo’s involvement included
initial requirements capture, conceptual design and
modelling, followed by detailed specification design.
Ricardo engineers subsequently supported the
manufacture and demonstration of the first TaxiBot
demonstrator vehicle. Testing of this vehicle was
carried out during 2010, towing an Airbus-owned
A340 aircraft at Toulouse airport and subsequently, a
Boeing 747 of Lufthansa’s fleet at Frankfurt. In each
case the system was manoeuvred by fully qualified
test and commercial pilots and proved extremely
successful. Despite severe weather conditions
during the Frankfurt tests in particular, the TaxiBot
demonstrator system showed excellent capabilities
and successfully maintained its defined envelope.
According to IAI reports of this testing a Lufthansa
test pilot commented that: “The overall impression
is very good, and better than I expected. …A big
advantage of using the TaxiBot is on icy or slippery
surfaces where traction is now better and safety is
increased when turning.”
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High Performance Vehicles & Motorsport

New engine
facility starts pilot
production
Pilot production has now begun at the brand new, stateof-the-art, high performance engine assembly facility at
Ricardo’s Shoreham Technical Centre.
The facility has been designed and configured around the
requirements of its lead customer, McLaren Automotive,
for whom Ricardo will act as production supplier for the
all-new McLaren M838T 90 degree, V8 twin-turbo engine.
The high-performance (600 PS), low emissions (279g/km
CO2) engine has been designed and developed by McLaren
Automotive in partnership with Ricardo, and will power the
McLaren MP4-12C high-performance sports car that is due
to go on sale from May 2011.
The new facility is housed in a completely new building
providing a near clean room production environment, and
assembly is carried out according to strict quality principles
and within a comprehensive ‘no faults forward’ culture. This
builds upon the established reputation of Ricardo for the
design and assembly of driveline systems and components
used at the highest levels of competitive motorsport as
well as in many iconic premium performance products of
global vehicle brands. These have included, for example, the
advanced transmissions for the Ford GT and the advanced
dual clutch transmission of the Bugatti Veyron supercar.

Quality-focused production

At the core of the new 600 square metre building is a ten
station vertical conveyor-based mini-line supported by
incoming materials inspection and line-side delivery of
components. Each station is equipped with a sophisticated
‘human-machine interface’ (HMI) providing guidance
to each operator on the
precise sequence of
operations required
at each stage. The
tools and assembly
equipment used at
each station are
instrumented
and send data
– right down to
the level of the
torque applied
to each fastener
– into a central
warranty database
for each engine
built, hence offering
complete finished
product traceability.
Each line station
is interlocked via its
HMI to ensure that all
operations and checks
have been successfully
completed and recorded

26

RQ • Q1 • 2011

before the line can be indexed and the engine moved forward
to the next station. In addition to the main production line,
the new engine assembly facility includes a cylinder head
sub-assembly line, a dress area and an end of line hot test cell
so that the performance of every engine produced can be fully
tested and validated.
When fully commissioned in the late spring of this year, the
new engine assembly centre will be capable of producing up to
4000 engines annually across two daily shifts. Pilot production
will be continued over the coming months as production
volumes are ramped up ahead of the facility’s formal opening.
Commenting on the commencement of pilot production
at the new Ricardo engine assembly facility, Ricardo CEO
Dave Shemmans said: “We are extremely pleased to be able
to announce the pilot production of the first products to
be produced by this extremely impressive, quality-focused
assembly facility for high performance engines.
“This is an important milestone and we look forward to
completing the commissioning of the facility and to supplying
the engine needs of the McLaren MP4-12C sports car over the
coming years. The successful design and construction of this
facility is highly complementary with our existing production
facilities for motorsport and niche vehicle drivelines and
transmissions. It also serves to demonstrate Ricardo’s
comprehensive capability to design and develop the ultimate
in high performance powertrain systems incorporating the
very latest technologies, and to take them into quality assured
and fully warranted niche production.”

The new Ricardo
engine assembly
facility at the
Shoreham Technical
Centre, and (below)
celebrating the
first customer engine
for McLaren

Ricardo plc

Ricardo Seminars & Events

Related to the automobile and clean energy industries
Advanced technology seminars,
workshops and training courses
Ricardo is recognised worldwide as a leading
authority in the development of the latest
power systems for automotive and clean energy
applications. While best known for our engineering
and consulting programmes, an increasingly popular
service is our regular series of seminars and training
courses through which aspects of the company’s
knowledge and expertise can be shared with
customers. These events are typically hosted at
Ricardo Technical Centres and are led by some of our
most experienced engineers and research scientists.
We constantly strive to develop new seminars and
courses reflecting the very latest thinking and most
topical areas of power systems technology and
product development. We also strictly limit delegate
numbers in order to create an environment conducive
to discussion of aspects of particular interest to
participants. Modestly priced, our Ricardo seminars
and courses provide exceptional value for money but
are consequently in high demand.
Our current programme of seminars is listed to the
right. Most of these will be hosted at the Shoreham
Technical Centre, further presentations may also be
made at other Ricardo facilities or at customer sites
subject to demand.

Seminar programme:
Automotive Transmissions Fundamentals:

19-20 April 2011

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

“An excellent
discussion
and course,
great flexibility
and time for
discussion.”

Batteries for Automotive Applications:

17-18 May 2011

A two-day seminar discussing recent developments
in battery technology for hybrids, plug-ins and
electric vehicles. Covers the latest in electric motive
technology and an overview of recent trends and
advances in battery pack technology, the key enabler
of the electrification of the vehicle network.
Internal Combustion Engine Fundamentals:

15-16 June 2011

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

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