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Industry News

Industry news

The latest in technology, innovation and sustainability across world industries

Hydrogen’s big push
California’s hydrogen highway took a
high-profile turn in November to pass
through Los Angeles Convention Center
and give the upcoming generation of fuel
cell powered passenger cars their public
debut as genuine production vehicles at
the LA show.
Toyota unveiled the definitive
version of its fuel cell sedan, set to go
into production in 2015 as the Mirai,
meaning future; Honda showed the latest
iteration of its FCV concept heralding a
forthcoming production version. More
coupé-like than its Toyota rival, the
Honda does not have a set productionstart date but was displayed with a
compact Smart Hydrogen Station which
allows the FCV to export power to homes
and businesses. Toyota has a similar unit.

The Volkswagen group surprised
the industry with two fuel cell powered
derivatives of current models, both
claiming to be ready for production
“as soon as the market and the
infrastructure are ready.” The Audi A7
Sportback h-tron quattro is a frontdrive fuel cell hybrid with a substantial
buffer battery and a supplementary
electric drive to the rear axle; the Golf
Sportwagen HyMotion is a front-drive
wagon with a fuel cell powerpack in place
of the standard combustion engine.
Built using systems from the VW
Group’s MQB modular toolkit, the
HyMotion would be relatively simple
to manufacture, suggests VW, once
costs had been brought down to levels
acceptable to customers.

Mirai (above), due
next year, is Toyota’s
first series-built
hydrogen fuelled car,
though Honda was
first to market with
the fuel cell Clarity
sedan in 2008

From the limited amount of data
issued so far, all four models seem
broadly similar in configuration, with fuel
cell stacks delivering around 100 kW
(though the Audi’s is “turbocharged” to
give 170 kW) and with a claimed range
of around 500 km. Honda goes slightly
better, with a claim of 700 km.
Toyota’s Mirai will go on sale (or lease)
in California in autumn 2015 and is
expected to sell for around $45,000
after incentives; Honda will be later on
the market, while VW and Audi have not
given any dates. Hyundai’s Tucson/iX35
fuel cell SUV has already been on sale for
some while in Korea, Europe, and the US,
and the Mercedes-Benz B-Class F-cell
is being field-trialled prior to an eventual
market launch.

The cost of innovation
Ambitious fleet-average CO2 targets such as the 73 g/km set by the
European Commission for 2025 could prompt manufacturers to
relocate production to lower-cost areas, especially as the higher costs
of these clean vehicles may also rule them out for emerging markets.
The stark message, delivered by Eric Heymann, senior economist at
Deutsche Bank, at the 2014 Automotive Megatrends conference in
Brussels, was that automakers are investing up to 50 percent of their
R&D budgets on innovative powertrains that will only address a very
small part of the market. Fewer than 1 percent of all new cars are
electric or plug-in models, he argued, meaning that profit margins are
slim or even negative.
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Heymann also spoke out against government subsidies for specific
technologies, arguing that too specific a focus might create barriers
for other technologies that could eventually turn out to be better.
“It costs a lot to reduce CO2 with new car technologies. If the money
that is currently being spent by the automotive industry for these
systems is spent for new heating systems in houses or better
insulation then it would have a much better effect on total CO2
emissions,” he advised.
Volkswagen, for one, recently announced that it was stepping up
R&D investment in new products and technologies, setting aside
€85.6 billion over the coming five years.

Industry News

Renewable leader emerges

News In brief

Highlighting the latest thinking in automotive
engineering and technology worldwide

Battery hopefuls line up

SunEdison, the US-based developer and
manufacturer of solar power plants, has
taken over privately-owned First Wind to
become the world’s leading operator in
the renewables sector.
As a result, SunEdison says it is able to
increase its 2015 installation guidance
from 1.6-1.6GW to 2.1-2.3 GW. First
Wind is a leading player in the US wind
power market, and the acquisition will
help SunEdison to develop more wind
projects overseas.
Significantly, SunEdison CEO Ahmad
Chatila commented to the Financial
Times that the expiry of production tax
credits for wind power last year and
solar power in 2016 would not impair the
company’s prospects for future growth.
This, said the FT, was the latest sign that
the falling costs of renewables mean
they are increasingly able to compete on
an even footing with fossil fuels.
In a separate analysis, the

Worldwatch Institute reveals that
global renewable electricity generation
capacity has now overtaken nuclear
capacity and is supplying almost 23
percent of world energy demand,
compared with under 11 percent for
nuclear. Total solar power, at 140 GW,
is still some way behind the 340 GW
wind capacity, and the Worldwatch
Institute stresses the imbalance
in R&D spending, with nuclear still
commanding the lion’s share.
Nevertheless, says the Institute,
renewables appear to be on the right
track, though they have a long way to go
before they can hope to supplant fossil
fuels as the planet’s principal electricity
source. This sentiment is echoed in the
latest report from the Intergovernmental
Panel on Climate Change, which notes
that the risk of runaway climate change
can still be averted at reasonable cost if
governments act swiftly.

Jaguar’s new Ingenium
Jaguar’s new Ingenium family of
four-cylinder engines has been

shown initially in diesel form, with the
most economical 163 hp derivative
achieving 99 g/km in the aluminiumintensive XE sedan, set to launch
in early 2015. Notable on the
diesel is the use of SCR and
variable timing on the exhaust
camshaft to help shorten
the catalyst light-off delay
and improve DPF regeneration.
Cooled low-pressure EGR also
helps reduce combustion chamber
temperatures to reduce raw NOX
output.
Direct-injection gasoline
versions of the Ingenium will
later join the range, too, and all
derivatives are manufactured at
JLR’s state-of-the-art plant near
Wolverhampton in the UK.

Three new battery chemistries are claiming to offer major
advances on today’s lithium ion systems. Solid Energy in
Boston claims prototype lithium cells with metal anodes
give twice the energy and cost 20 percent less, while
Helmholtz Institute in Ulm has developed an electrolyte
allowing magnesium to combine with sulphur for even
better energy density. Yet lithium sulphur promises still
better energy densities, perhaps as high as 600 Wh/kg,
according to a newly published lithium ion handbook.

Two-wheeled milestone

Honda is celebrating the production of 300 million
motorcycles, making it far and away the most successful
bike maker in history. The first was the 98 cc Dream Type-D in
1949; the 300 millionth was an 1800 cc Gold Wing, produced
at the Kumamoto factory in Japan.

Groundwater is warming

Even groundwater, flowing within the earth, is responding to
the changing climate, though with a time lag: even down to a
depth of 60 metres the water has warmed to a statistically
significant extent, say researchers at ETH Zurich’s
Geological Institute. In an unconnected development, NASA
will launch a new satellite mission to provide high resolution
coverage of global soil moisture conditions.

Radar reduces rear collisions

Collision prevention assistance systems such as that
fitted to current Mercedes models could cut the number
of serious rear-end crashes in Germany by 30 percent,
says Daimler. Official statistics show that the post-2011
B-Class, fitted as standard with such a system, is involved
in 14 percent fewer rear collisions than its predecessor.
Repairers are reporting fewer serious impacts where the
front crossmember has to be replaced, and Mercedes
predicts that the latest PLUS version of the system, with
automatic braking, will further reduce accident severities.

Toyota, Mercedes top brands

Toyota is placed eighth and Mercedes-Benz tenth as the top
automakers in Interbrand’s 2014 rankings of the Best Global
Brands, with brand values of $42 bn and $34 bn respectively.
Closely following are BMW (11th), Honda (20), VW (31) and
Ford and Hyundai (39 and 40). 45th-place Audi is the fastest
riser, and Land Rover is a new entry at 91.

Gasification aids scrapping

A new process at Chinook Sciences recycling plant at
Oldbury in the UK West Midlands is able to turn wood, carpet,
foam and other materials including wiring loom insulation
into gas, leaving the metal stripped clean for recycling and
producing a synthetic gas that can power steam turbines
and thus generate electricity. Chinook is quoted in the
Financial Times as claiming the process will allow recycling
and recovery rates of 99 percent – well above the 95 percent
that EU regulations will demand from 2015.
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Automakers “manipulating
fuel economy tests”
45%
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The current European tests for fuel economy and
CO2 emissions are “not fit for purpose,” allowing
car companies to distort test results and leading
to a “chasm” between certified and real world
performance that is costing a typical motorist
around €500 a year in promised, but undelivered,
fuel savings.
These are some of the hard-hitting conclusions
reached by Brussels-based Transport &
Environment following an exhaustive analysis of
real world fuel consumption from some 85,000
vehicles, mainly in Germany, and comparing actual

fuel used with the kilometres travelled.
Most disturbingly, the researchers found
the gap between certified and actual economy
performance had increased from 8 percent
in 2001 to 31 percent in 2013 as CO2-related
taxation increases pressure on carmakers to offer
low CO2 ratings and engineers become more adept
at tuning vehicles to perform well in the current
NEDC test cycle.
Among the “cheats” on the laboratory-based
cycle cited by T&E are filling the engine with
special oil and disconnecting the alternator to
reduce drag, while tricks to reduce the road load
included adjusting wheel alignment, raising tyre
pressures and taping over body shut lines.
On a more technical level the raw data from
spritmonitor.de shows that – in Germany,
at least – post-2010 diesels display greater
deviance between promised and actual
economy, while hybrids exhibit still more
deviance. In addition, automatics show a
much greater deviance than their manual

EV island record
The Dutch Frisian island of Terschelling will soon be hosting the world’s
largest island-based sharing scheme for electric cars when the fleet of
up to 100 Nissan Leafs becomes operational.

counterparts, and this disparity has doubled
since 2011.
A parallel study carried out in the Netherlands
showed a higher discrepancy for gasoline
vehicles, while unrelated analysis by Emissions
Analytics in the UK showed hybrids suffer less
than conventional vehicles in town driving but
are hit more by hard acceleration, especially
diesel hybrids. Diesels examined in the study
exhibited “dramatic increases” in NOx emissions
in low-speed, stop-start driving; worryingly, said
Emissions Analytics, the latest Euro 6 diesel cars
can exceed the NOx targets by an average of
seven times.
The new internationally harmonized WLTP
test procedure, due to be introduced in 2017,
is described as “a step forward” by T&E, but it
will not resolve everything. “The problems and
solutions are known,” said T&E, “but whether the
new Commission and EU Member States have the
courage and political will to address the current
abuses remains to be seen.”

Terschelling’s 4800 residents currently own 2000 conventional
passenger cars, but the aim of the scheme is to keep the island clean
and beautiful by encouraging them to use the emission-free Nissans.
With just one main road, 15 km in length, islanders do not make much
use of their existing cars – just 30 hours a year – so the organizers
are hoping that the 19 cents a minute charged for driving a Leaf will
prove sufficiently attractive that owners will decide to part with their
own vehicles.
The Leaf fleet is expected to cover a combined 110,000 km a year,
representing 10 percent of the cumulative distance driven by all the
islanders. Visitors to the island will also be able to use the electric cars.

Last Mile proof of concept
Bombardier’s novel Traxx AC Last Mile locomotive recently
demonstrated the value of its dual power concept on a 4000
km test run from the Austro-Hungarian border, through
Romania and Bulgaria to Turkey, and back.
A single locomotive was able to haul the 1200-tonne,
534 metre freight train along the mountainous route,
the demanding terrain normally requiring two or more
locomotives. Fortuitously, an electrical failure along a 20 km
stretch of the route enabled the loco to put its twin engine
feature to the test. The non-electrified stretch was covered
using the auxiliary diesel engine and storage battery,
allowing the locomotive to operate at full power for up to
eight hours.
In this instance a five-hour delay was avoided, but
Bombardier stresses that the Last Mile feature also
eliminates the need for shunting engines in container
terminals and side tracks to factories and ports. The
locomotive is able to pull equally heavy loads as when under
catenary wire power, says the company.
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Separately, Hitachi in Japan unveiled the first of three
pre-production super-express trains for the UK Department
for Transport’s Intercity Express Programme. A total of 122
trains, comprising 866 vehicles will be built in the UK for the
Great Western and the East Coast main lines, with a mix of bimode power systems. The 225 km/h 800 Class trains are set
to enter service from 2017.

Industry News

Viewpoint

VW, Honda raise the
transmission game
Energy-efficient transmissions are back in the spotlight,
with Volkswagen Group announcing a 10-speed DCT system
and Honda equipping its new North American Acura ILX
compact sedan with an eight-speed dual clutch transmission
incorporating a torque converter.
VW’s DQ511 DSG transmission is based on the sevenspeed DQ500 but gains three extra ratios by revising the
torque path taken though the existing sets of gear pairs;
dimensions and torque capacity, at 550 Nm, are identical.
The “finely graduated” steps between gears three and nine
enable efficiency gains, says VW, while first and tenth can be
“crawler” and super-long cruising ratios respectively.
Honda, which has already shown conventional seven-speed
DCTs on its NSX sports car prototype and Acura luxury sedans,
surprised commentators with the announcement of an eightspeed DCT, complete with a torque converter. To be fitted to
the Acura ILX, this is the first application of a torque converter
DCT to a production model, though GM presented an SAE
paper on a similar arrangement some years back.
Technical details of the transmission are still scant, but
Honda claims the torque converter will provide “off the line
torque multiplication” for smoother and more powerful
launches that other DCT-equipped cars cannot match.
DCTs have been poorly received by North American
customers accustomed to the supreme smoothness of
conventional planetary automatics: Honda’s move appears to
be a bid to combine the ease of a torque converter automatic
with the responsiveness and fuel efficiency of a DCT.

First glimpse of 2016 Volt
After the technical success of the first-generation Chevrolet
Volt powertrain, much interest surrounds the developments
brought in for the next generation model, set for MY2016.
Though GM has yet to reveal specific data, the principal
changes appear to be a larger combustion engine and a switch
to a two-motor arrangement (below), allowing both motors to
be used for both traction and improved energy harvesting under
deceleration. The battery is expected to have
a greater capacity and a higher charge
rate, and a GPS locator knows when
the vehicle is approaching its home
base, allowing extra battery
depletion in the knowledge
that a recharge can soon
take place. The 2016
Volt will be unveiled
at January’s Detroit
auto show.

Losing the weight requires more
than material substitution
Graeme Stewart – MD Vehicle Systems, Ricardo UK
The game paper-scissors-stone
revolves around three items, each of
which ‘beats’ one of its counterparts
while at the same time being beaten
by the other. It’s a simple three-way
conundrum that can never really be
solved – although that hasn’t stopped
mathematicians and game theorists
studying it, or Japanese Electronics
firm Maspro Denkoh using it to choose
whether Christies or Sotheby’s should
win the contact to sell its $20 million
corporate art collection.
It might be tempting to think of the
lightweighting challenge in vehicle
engineering in similar terms. The
conventional pressed and welded steel
monocoque construction favoured by
the world’s leading automakers for over
half a century clearly has very tangible
advantages in terms of practicality and
cost. Surely, despite its greater welding
and joining challenges, aluminium
always beats steel on weight yet gets
beaten on cost? And don’t carbon fibre
composites beat the both of them
hands down on weight, while sending
costs through the roof? To view things
in such a simplistic manner is of course
to vastly overlook the design potential
offered by the superior mechanical
properties offered, for example, by
aluminium, carbon fibre composites,
and even ultra-high-strength steel
grades.
For the decades when cost and
durability were perhaps considered
by new product planners to be
significantly more important than
fuel economy, refinement of the
conventional steel bodied construction
methods understandably prevailed. In
the modern era, however, where fuel
economy and CO2 emissions are also
taking centre stage, vehicle engineers
have the opportunity for the first time
in generations to be more innovative
in design and engineering, in order to
realize the full benefits of the materials
that they are now able to use.
We at Ricardo have been involved in
many specialist and military projects in
recent years where fuel economy has
been pushed to the limit and carbon
fibre composites have been deployed to
provide the ultimate balance between
weight saving and robustness. At the

other end of the scale we have examined
conventional steel structures such as
sub-frames, and demonstrated weight
savings in the region of 30 percent without
compromising any of the performance
characteristics by using our leading edge
analysis capabilities to redesign structural
components to take maximum advantage
of the latest grades of steel.

In considering
new materials for
body and chassis
structures, it is
crucial to move
beyond mere
substitution as a
means of saving
weight, as that will
almost always fail
to realize the full
potential of the new
material
And we are far from alone, as the
latest generation of Ford’s iconic F-150
truck demonstrates. A top selling US
product for three decades, Ford has
redesigned the product to make the
very best use of materials in what is the
first mass-produced truck in its class
featuring a high-strength, military-grade,
aluminium-alloy body and bed.
In considering new materials for body
and chassis structures, it is crucial to
move beyond mere substitution as a
means of saving weight, as that will
almost always fail to realize the full
potential of the new material. We stand
at the cusp of a new era where we have a
requirement to achieve unprecedented
levels of fuel economy, but we also have
a wealth of new materials to choose
from and we have advanced design and
simulation capabilities to explore new
avenues in design optimization. As such,
in my view there has never been a more
exciting time for vehicle engineering.
RQ • Q4 • 2014
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INterview

The heart of the market
Squeezed between the thriving value brands and downsized
premium-badged models, Ford’s mid-market European
operations have weathered an intense commercial and industrial
downturn. Chief Operations Officer Barb Samardzich outlines to
Tony Lewin her engineering strategy for the years to come

Some automaker CEOs at the Paris show in October said that
the European car industry is in trouble. Would you agree?
One of the biggest things I see in the European industry is
that we haven’t taken the big capacity rationalizations that
did happen with the US auto industry when it went through
its severe recession in 2008 and 2009. In Europe it’s much
harder to rationalize that capacity and what we [Ford] did was
very painful in the UK as well as in Belgium. We reduced our
capacity by 18 percent, but we haven’t seen as much reduction
elsewhere as we would like. In 2006 and 2007 the industry
[volume] was 18 million units a year; we’re about 14.5 m units
this year, but there haven’t been 4.5 m units of capacity taken
out. That extra capacity puts businesses under a lot of pressure.
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What is your outlook on CO2 emissions going forward? Will
you meet 95 grams in 2021?
One philosophy I always go by is this: in engineering, as long
as you’re not trying to violate the laws of physics, there is
always a solution. It’s true, but the problem is that you may
not like the cost and the timing. In this case, for CO2, we know
how to engineer it – we can engineer zero CO2 vehicles. Every
OEM now knows how to engineer an electric vehicle. The cost
of the emissions technologies to meet those regulations is
what the dialogue needs to be around: it is affordable to the
consumers? We spend quite a bit of time discussing how to
make that technology affordable: once you have a solution you
go in and optimize it and you continue to take costs out.

Interview

You have just announced a £500 million investment in a
new generation of diesel engines at Dagenham. What is your
expectation of the diesel/gasoline split in Europe at the end
of this decade? Will small gasoline engines begin to take over
from small diesels?
This goes back to the question of whether consumers can
afford these regulations. It’s going to be more expensive
to emissionize the diesel engine than the gas, even though
you’re going to need particulate filters on some gasoline
derivatives. It goes back to consumers: at the end of the day
they go to their dealership and come to a rational decision
depending on their pocket, their value needs and their
objectives. If they see they are going to get better cost of
ownership with a downsized gasoline engine versus what
they might have been used to with a diesel engine (because
perhaps the premium on that diesel engine has now gone up
way more than on the gasoline), they will switch to the petrol
engine.
But can’t you shift that equation depending on what you
do with your pricing, whether you choose to subsidize your
diesels?
That’s the million-dollar question: how much of it are you
able to or willing to pass on to consumers, and how much
are you going to absorb? The more you absorb, the more you
affect your business. We are a business, and it is important
for us to make money, to retain jobs. That is the intricate
balance that our marketing teams are working on now as we
lay out programmes that are going to be in play in 2018 and
2019. Trying to understand how much pricing we can get
for emissions components is clearly one of the hot topics.
But clearly diesels are going to be around for quite a while –
otherwise we wouldn’t be putting half a billion pounds into
Dagenham – and the European market will stay a heavy diesel
user despite the change in the regulations.

Ford is clearly keen on three-cylinder engines, and you will be
putting one into the new Mondeo. How does this fit with the
new car’s premium aspirations?
You have to look at the consumers that are looking at Mondeo
and their different needs and wants. There is a set of consumers
looking to move upmarket: they’re not going to want the threecylinder, and we won’t be offering that as a part of the Vignale
line. There is another set of customers that are really interested
in fuel consumption and CO2 for their own personal conscience,
and that three-cylinder option in our line-up is something they
can opt for. That one-litre engine with the manual transmission
is actually fun to drive.
Are you going any smaller, to two cylinders perhaps?
Right now we don’t have any plans for a two cylinder. What really
drives that limit at the end of the day is power-to-weight ratio:
before those turbos spool up, when you’re just taking off from
the lights or on a hill at high altitude, you have to rely on just the
naturally aspirated part to get you going. That really dictates
how low you can go. Electric compressors to give you an initial
boost – that’s something we have been looking at. Once the
turbos spool up you can really start to downsize.
You are now investing in a new generation of diesels, but given
the evolution of emissions standards, how long will it be before
you need to plan for the following generation? How far ahead
do you plan?
We used to keep a base engine architecture around for 20 or 25
years – but now, because of keeping up with emissions and CO2
changes, that time has been cut substantially. I can’t give you an
exact timeframe but we are designing this architecture to be as
flexible as possible so we can continue to add on technologies
as they are developed. We’ll keep it as long as possible, but the
days of 25 years for an engine are gone. We’ll really work that
architecture and what you may hear about next is the next
iteration of it, as opposed to a new architecture.

“One philosophy I always go by is this:
in engineering, as long as you’re not
trying to violate the laws of physics,
there is always a solution. It’s true,
but the problem is that you may not
like the cost and the timing”
RQ • Q4 • 2014
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“One of the biggest things I see in the European
industry is that we haven’t taken the big capacity
rationalizations that did happen with the US auto
industry when it went through its severe recession
in 2008 and 2009”
So is this a wholly new engine? And as a two litre, doesn’t it
go against the current trend towards downsizing?
It really is a new engine for us. Obviously they took into account
some of the geometries that would suit the equipment that’s
in Dagenham, but this is laying the ground for an architecture
that will take us at least ten years and beyond and it will be
adaptable to new external technologies such as low-pressure
EGR that are being developed. Any architecture that we put in
is flexible: right now, it’s not three-cylinder or five-cylinder, but
it’s flexible around displacement and around some of the other
equipment we may want to put on it.

As COO of Ford
of Europe Barb
Samardzich is an
enthusiastic
promoter of women
in the STEM subjects
and is the auto
industry
representative in
the UK government’s
YourLife programme

Do you expect the new harmonized world test procedure will
affect the CO2 results of your cars, and will it penalize diesels
more harshly than gasoline models?
We are expecting it around the 2017-18 timeframe, and
it will be welcome when it comes in. The gap we’re seeing
now between the NECD figures and the real world results
consumers get from their own vehicles – it’s just too big. As a
manufacturer we have no choice but to certify our vehicles on
that cycle, but with the new test cycle that gap will close, and
that’s good for consumers. I don’t want to give you any figures
on the [likely] differences , but it is also about regulation of the
components in the emissions character: NOx, for instance, will
also be different. Diesels are more sensitive to NOx, so I think
the challenge for them will be greater.
Will manufacturers still be able to engineer their vehicles to
do well in the tests, with features such as extra-long gear
ratios?
One thing I would emphasize is that at Ford we want to deliver
to our customer a vehicle that they enjoy driving. Hopefully you
will agree we do a very good job on our driving dynamics, and
we’re not going to sacrifice that in order to get under a crucial

limit in a drive cycle. We’d call that cycle beating, and that is
not something we do. But a consumer can choose options that
give them better – or less good – fuel economy: the tyre, for
instance, is a big influence.
As a global player you have models which have to meet
different expectations in different markets, perhaps hitting
a price point in the US but being a sophisticated player in
Europe. How much room does your One Ford strategy give
to accommodate these different requirements in the same
model?
We see it as ‘tailoring’ a vehicle. We acknowledge that with
global platforms we need to leverage the scale, and with
something like the Focus or Mondeo as you bring them in to
the different regions they do have to be tailored to suit the
uniqueness of each region. One of the key things we have
learned in the One Ford process is that you have to be right
upfront when developing the vehicle so that the vehicle team
knows that the vehicle is going to India, to South America, to
Europe and to China. Those four markets are going to have
some very different tailoring needs as the consumers are
different in those markets. If you’re upfront with those wants
and needs, then the vehicle teams can manage that very well –
it’s much harder to do it retroactively.
Do you see the use of aluminium spreading downwards to
smaller vehicles?
That question falls under the category of lightweighting and
how we are using materials. We made a big bet with respect
to aluminium with our F150 truck in north America and we’ve
learned a lot about that technology, which has been a great
choice for us. It’s a very complex analysis process [when
assessing materials for new models] and our R&D team
have a model which can look at all the possible powertrain
combinations, and all the possible materials – aluminium,
high-strength steel and carbon fibre would be the big three
right now. This model is based on price points and tries to
optimize what the content should be in the vehicle, so you
might start out thinking the next-generation vehicle should
be made of aluminium but you could end up making it more
affordable by using a particular type of engine and maybe just
aluminium closures and that type of thing.

Barb J Samardzich
Barb Samardzich was appointed chief operating officer, Ford of
Europe, in November 2013, having been vice product of product
development since September 2011. Prior to that, she served as
vice president, global product programs, responsible for engine
and transmission engineering worldwide; among the model
programmes she has led are the 2005 model Ford Mustang and
the F-series Super-Duty trucks. Before joining Ford in 1990
she was a thermal design engineer in Westinghouse Electrical’s
nuclear fuels division.
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Natural Gas

A natural

progression
With rising concerns over global greenhouse gas emissions from
transport fuels, many alternatives are being investigated. Of these,
natural gas could be one of the most likely challengers to diesel and
gasoline. John Challen finds out more about the technologies involved,
and the issues and opportunities that natural gas presents

Taxis and private vehicles in Brazil and
Argentina, buses in Chile and California,
light trucks across Asia and passenger
cars in Italy: natural gas and dual fuel
technologies are playing an increasing
role in reducing emissions and operating
costs of passenger car and heavy duty
vehicles. Yet, says, Ricardo’s Richard
Cornwell, it is important for people to not
get carried away.
“We are saying natural gas can be
good, but it’s not a universal panacea
for reducing greenhouse gas emissions.
Natural gas has the capacity to bring
down costs and CO2 emissions, even
when using fossil gas. However this
is all contingent on burning the gas
efficiently, which isn’t as easy as
you may think,” explains Cornwell, a
technical specialist for performance and
calibration and the author of a recent
study presented at the Institution of

Mechanical Engineers.
While CO2 emissions are under the
spotlight for cars and for heavy duty
vehicles, methane – the principal
component in natural gas fuels – is itself
subject to regulation as a pollutant.
More specifically, methane slip – caused
when unburned methane escapes from
the tailpipe – is a lot more damaging
than CO2. “You could have a low CO2emitting engine, but if it releases lots of
methane, the global warming potential
impact is around 28 times higher than
for CO2; every one gram of methane
means the equivalent of 28g more CO2
into the atmosphere,” says Cornwell.
“The US is taking a holistic view and
looking at all greenhouse gases, but the
EU is expected to concentrate on CO2.
You have to focus on efficiency, with the
caveat that you shouldn’t be slipping
large amounts of methane.”

Technology options

There are many different ways to
burn gas in an engine, and Ricardo is
examining four: stoichiometric and lean
approaches using spark ignition and
dedicated natural gas supply; and flexible
and fixed substitution ratios, using diesel
pilot ignition and a dual fuel supply.
“Diesel pilot injection is a really good
way of igniting gas – a bit like multiple
spark plugs within the chamber – and we
know from our large engine experience
that it is efficient because you can
throw the fuel out across the chamber,”
explains Cornwell. “Spark plugs have
limits, so other spark technologies
are being experimented with, such as
plasma, corona and laser ignition. The
most important element in the process
is getting the right amount of energy into
the ignition process.”
Stoichiometric combustion, from
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Natural gas: Analysis of the
costs and benefits
A recent study by Ricardo into the impact of new fuels
revealed significant interest in natural gas for the road
transport sector in the UK. However, what was not so
clear was the level of understanding of the impact of
the subsequent greenhouse gas emissions.
Within the study – Waste and Gaseous Fuels
in Transport – different forms of natural gas and
methane were investigated. Also covered were wellto-wheel analysis and the cost impact of their use to
decide whether they would be feasible for transport
operators.
“Looking at all the different gaseous fuels, the
benefits depend on what production route you use for
the fuel,” explains Sujith Kollamthodi, Ricardo-AEA
practice director – sustainable transport. “They also
depend on what you compare in terms of a baseline
comparative fuel. For passenger cars, for example,
by moving from gasoline to biomethane, there are
greenhouse gas emissions savings of 75 to 94 percent.
With non-renewable natural gas, or shale gas from
fracking, there are much smaller greenhouse gas
emissions savings of around 22 to27 percent.”
For larger vehicles, diesel comes into play as the
dominant fuel source. “For renewable biomethane
there is a 60 to 84 percent saving, but there are no,
or very small, GHG emission savings for rigid trucks
and buses from switching from diesel to fossilbased compressed natural gas (CNG) or shale gas,”
comments Kollamthodi.
The situation is different again for long-haul trucks.
Here, operators might be running dual-fuel trucks,
with a mixture of natural gas and diesel. “There
might be 60:40 gas/diesel split, and our findings
show that using biomethane, the greenhouse gas
emissions savings are 43 to 49 percent compared
to conventional diesel,” he adds. “For fossil-based
liquefied natural gas (LNG), GHG savings are just 6
percent compared to using diesel; however, these
savings could be negated if methane slip emissions
are higher than expected.”
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an emissions point of view, is relatively
straightforward, says Cornwell, “because
you can bolt on a three-way catalyst
and it works. To achieve Euro VI, most
manufacturers have gone from lean to
stoichiometric because aftertreatment
required to meet the emissions limits is
relatively cheap.
“Lean is fundamentally more efficient,
but you need an SCR system, so a lot of
manufacturers have gone stoichiometric
to avoid SCR at Euro VI,” he says, adding
that this either reduces costs or off-sets
the cost of the gas kit and conversion.
“We believe as regulations move back
towards tighter CO2 and greenhouse gas
emissions, there will be more of a swing
back to lean.”
This switch depends on a number of
factors, as shown in the chart (see chart
on opposite page) which looks at cylinder
and mean effective pressure and the
necessary amount needed to achieve
the best performance. “Stoichiometric
engines lie on the Lambda 1.0 vertical
line, and here you can push up until you
reach the knock limit,” explains Cornwell.
“With the aid of EGR, you can go slightly
beyond that limit, but with any gas engine
– stoichiometric particularly – there is a
worry about knock, which will restrain the
maximum torque from an engine.”
Larger gas engines used in stationary
generators will typically use more lean
combustion (Lambda 1.8 to 2.0) because
manufacturers know that efficiency
continues to increase. “Efficiency
can be close to 50 percent and, for a
big generator set where the cost of
each kilowatt hour generated is key to
competitive advantage, all these little
improvements make a big difference, says
Cornwell. “We know from our large engine
experience that if you want efficiency, lean
is good. But for air quality reasons, many
in the truck world choose stoichiometric

combustion. In the future, when the
emphasis turns back to efficiency, which
leads to greenhouse gas reductions, we
may well see a resurgence of lean.”
As the chart shows, NOx is close to
its peak because stoichiometric tends
to run hot, but this issue can be dealt
with through simple 3-way catalyst
aftertreatment, meaning there is no
need for SCR. “However, if you get very
lean, your NOx comes down because the
engine is running with lower in-cylinder
combustion temperatures. The reality
is that, whilst for stationary powergen
applications you can run lean enough to
be a moderate level of NOx, for vehicle
applications, with transient requirements
and stringent emissions limits, you are
still going to need SCR,” Cornwell warns.

Natural gas differences

Market penetration of gas fuelled heavy
duty vehicles is not driven strongly by
greenhouse gas savings but because
gas at present can offer potentially
lower operating costs than other
options. Outside the US, this depends
primarily on taxation policy; within
the US the price of gas is significantly
lower than the rest of the world due to
abundant availability of fracked gas.
“The market all the time has to be aware
that any operating cost benefit due to
low fuel price now can change in the
future; if there was a major switch to
gas as a road fuel and Governments
lost billions in fuel tax revenues, it is
conceivably that before long gas would
be taxed much more aggressively.”
The costs – both operational and
capital – vary depending on which
gas option is adopted, and on how the
vehicles are being used, which can make
a huge difference to truck and bus fleets.
Some of the technologies used to burn
fuel in trucks do not run on gas all the

Natural Gas

time, the way the vehicles are employed
can affect how much of the time gas is
used, as opposed to diesel.
As a rule, for long-range trucks used
on intercity trunk routes, operators would
typically choose liquefied natural gas
(LNG), but for delivery fleets and ‘out and
back’ operations compressed natural
gas (CNG) is better, says Cornwell. “The
key differences between the two are
packaging and energy density. CNG tanks
tend to be cylindrical, which is not very
convenient from a vehicle packaging
standpoint. They come in different
materials, even in carbon fibre to reduce
weight, but you can’t as yet deviate far
from the cylindrical format, unlike diesel
tanks, which can be any shape. LNG has a

Detonation
region

bit more flexibility, but it still generally has
to be cylindrical, and insulated, because
LNG is a cryogenic liquid. The fuel handling
system isn’t cheap, therefore, and there
are further issues with managing liquid
boil-off.”
In terms of energy density,
comparing LNG to diesel, a
single LNG tank will not give
as much range as a typical
diesel unit. The equivalent
energy storage to one litre of
diesel fuel requires 4.1 litres for
CNG, and 1.7 litres for LNG. As such, the
EU’s Blue Corridor programme has set
out to install LNG and/or CNG stations
along specific routes throughout Europe,
typically placed around 400 km apart.
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Volvo’s FE CNG truck
(top of page 14) is
powered by an allnew 9-litre Euro-6
engine featuring
spark plug technology
(above)

2.0

Each of the four approaches that Ricardo
is looking at when it comes to natural
gas for heavy duty applications has
its own strengths and weaknesses. A
stoichiometric setup using spark ignition
and dedicated natural gas supply, for
example, is inexpensive and uses tried
and tested technology, but it offers
the least in terms of efficiency. There
is also this issue of higher combustion
temperatures, which means turbines and
exhaust manifolds need to be changed,
which is no simple task.
A lean approach using the same
technologies looks set to play a big role in
the future, but it is currently limited by the
challenges that emissions control presents.
The temperatures are lower, however, so it
is possible to carry over a turbo and exhaust

The use of
stoichiometric
combustion
has enabled
manufacturers to
reduce costs through
avoidance of SCR at
Euro VI (left) – but as
regulations move
back toward tighter
greenhouse gas
emissions limits,
Ricardo anticipates
an increasing use of
lean combustion in
order to maximise
fuel efficiency

“We are saying natural gas can be good, but it’s not
a universal panacea for reducing greenhouse gas
emissions. Natural gas has the capacity to bring down
costs and CO2 emissions, even when using fossil gas”
Richard Cornwell, Ricardo
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Ricardo to support Clean
Air Power’s first production
intent project
Following the successful conclusion of the concept study
with a global truck manufacturer announced in February
2014, the collaboration between Clean Air Power and
Ricardo has moved on to the first phase of a production
development of a diesel-natural gas engine based on Clean
Air Power’s MicroPilot technology, targeted at South East
Asian and other markets.
This first phase of the programme began in September
2014, and will last six months. If successful, the
programme will then enter a second phase with the
objective to bring a MicroPilot diesel-natural gas engine
for the South East Asian and other markets to start of
production in 2017.
“We are delighted to be moving from the concept
phase to the first phase of production development on a
MicroPilot diesel-natural gas engine with the potential
to deliver a significant improvement in performance and
efficiency,” commented Clean Air Power CEO John Pettitt.
“Our client is a progressive, global truck manufacturer with
a bold ambition for the future application of compressionignited natural gas engines. Its commitment to move
ahead with this next phase demonstrates the quality of
our technology and the value that our relationship with
Ricardo can bring to OEM partners. Our ambition is to
become a global design, development and delivery partner
for compression-ignited natural gas engines and we are
excited about the potential of this latest success to open
the door to other OEM partnerships.”

manifold from a diesel; efficiency will be
better, but an active NOx aftertreatment
system such as SCR is needed.
Moving to a dual-fuel solution,
where natural gas is ignited by a small
diesel pilot injection, the system
has advantages in energy-flexibility,
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delivering operation on natural gas +
diesel and 100 percent diesel. Because
the dual-fuel technology does not
change the base diesel engine, there
is the option of falling back on diesel
operation and, ultimately, simply
removing the dual-fuel system at
end-of-life. Both of these attributes
eliminate the opportunity cost of
moving to natural gas use by removing
range-anxiety and protecting the
vehicle residual value. Basic operation
uses diesel combustion principles of
high compression-ratio and leanburn which deliver high efficiency and
performance.
Clean Air Power is developing its
MicroPilot technology which it believes
will deliver strong competitive attributes
even into a market with a mature gas
infrastructure. In 2013 the company
signed a co-operation agreement
with Ricardo for the development and
application of this dual-fuel technology
and the two are already engaged on a

major OEM programme.
The final option, a fixed (high
substitution) variant of the above, has
been attempted before and sees gas
injected directly into the cylinder, along
with a small amount of diesel to ignite the
gas. There are high costs involved with
this approach, but Ricardo is currently
looking at more economic approaches to
this system, using indirect gas injection
outside the cylinder.
There is a spectrum of potential
solutions applicable to each area of
natural gas use as a transport fuel, from
retrofit conversions of existing products
to completely new clean-sheet engines
designed specifically for operation on
gas (above, right). Cornwell’s view is that
when the gas infrastructure is in place,
heavy duty truck gas engines will move
further to the right on the chart, sharing
more similarities in technology with
the dedicated clean sheet gas engine
designs common in the powergen
sector.

Natural Gas

Retrofit
Conversions

»

»
»

Factory Fitted
Retrofit

Aftermarket retrofitting
by conversion specialist,
typically varying degrees
of quality

»

High quality NG
conversion kits, fitted to
new OEM products
potentially at the end of
production line

Often out of useful life
products

»

Dual fuel to retain
flexibility with immature
NG infrastructure

Dual fuel to retain
flexibility with immature
NG infrastructure

»

E.g. Clean Air Power/Volvo
“MethaneDiesel”

Reengineered
Diesel Engines

Clean Sheet
Designed NG
Engine

NG Versions of
Diesel Engines

»

Diesel base engine
re-engineered to run
on NG

»

Varying amounts of
re-engineering and
replacement
components

»

E.g. Cummins Westport

»

Protected at design
stage for NG operation

»

Will be extensively
re-engineered from base
Diesel engine, sharing
core components only

»

Fully optimized engine
designed to run on NG
only

Key Point: Learning from more mature NG markets, such as
PowerGen, can be applied to the HD On-Highway sector

Flexible Substitution Ratio; Diesel Pilot Ignition; Dual Fuel
Stoichiometric; Spark Ignition; Dedicated NG
Lean; Spark Ignition; Dedicated NG
Fixed (High) Substitution Ratio; Diesel Pilot Ignition; Dual Fuel
Rail

Mine Haul

HD Truck

PowerGen

Market Maturity

Natural gas is proving
an increasingly
attractive option for
public transport and
service fleets, such
as Volvo’s FE CNG
powered truck, and
the natural gas buses
of the Los Angeles
Metro’s Orange Line
(opposite page), not
least due to the need
to establish a network
of available filling
stations (left) that will
be necessary for more
general roll-out

Future fuels

For the future, Cornwell says Ricardo
is investigating technologies from
other areas that could help push
development of gas. “Our gasoline
colleagues have done a lot of work on
spray-guided DI combustion, where
they could demonstrate diesel-like fuel
consumption from a gasoline engine and,
while there’s not total parity, it is getting
close,” he reveals. “It was achieved
through a combination of lean operation,
direct injection, EGR, VVA, and high
energy ignition systems, and we want
to take those from the gasoline world

and see if they can be applied to the gas
world.”
Another example is the TSB-funded
CryoPower project – a split cycle engine
targeting high efficiencies. While the
idea has previously been examined
for potential use in power generation,
current work is focusing on miniaturizing
the concept to a scale appropriate for
truck use. “The key element is using
cryogenic liquid to cool the compression
charge and, as LNG is a cryogenic
liquid, we want to look at the synergies
between using its cryogenic properties
as well as the fuel,” says Cornwell.

Market maturity
affects the type of
natural gas engine
technology available
as well as how they
are engineered and
developed (above)
with the on-highway
heavy duty sector
approaching mid-way
to maturity

Although global sources of natural
gas might appear to be increasing,
there can still be no let-up in the
imperative to reduce greenhouse gas
emissions: natural gas offers clear
potential for use as a lower-emission
alternative to conventional liquid fossil
transport fuels. But while there is no
single silver bullet engine technology
available to vehicle manufacturers
and operators, the work being carried
out by Cornwell and his colleagues
shows a range of technology options
appropriate to different market
sectors, now and in the future.
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Motorcycle
development

Ricardo’s ambition to become the
international partner of choice for
the world’s motorcycle and personal
transportation industries stepped up a
gear recently with the announcement
that the company has acquired UK
consultancy Vepro Ltd, and is forming
a new global motorcycle-focused
business. Anthony Smith reports.

Synergy on

two wheels
When it comes to motorcycle powertrain
engineering, Ricardo is far from a
newcomer. From its earliest motorcycle
successes such as helping Triumph with
the design of a high performance, multivalve engine over ninety years ago, the
company has a well-deserved reputation
for assisting leading manufacturers in
all parts of the world with cutting-edge
technology and product development
programme support. In addition to the
latest performance- and technologyfocused models of the premium luxury
brands of Europe, North America and
Japan, this support extends equally
to the highly cost-focused commuter
product markets of India, China and
South East Asia.
But changes to the market for
motorcycles, scooters and other urban
mobility products are presenting
new demands as well as creating
fresh opportunities for technology
and engineering partners. In almost
all market segments, OEMs face
increasing consumer demands for
quality, performance and value, while
competitive pressures dictate a more
diverse product portfolio with more
frequent refreshes and hence shorter
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development cycles. All of this comes
at a time when emissions regulations –
and potentially in the medium term, fuel
economy targets – are beginning to bite
in Europe in particular.

Ricardo Motorcycles
launches

For almost eight years now, Ricardo
has focused its motorcycle and urban
mobility business around a team of
motorcycle specialists at the company’s
Schwäbisch Gmünd Technical Centre
in southern Germany. In a major step
forward it was announced at the recent
Ricardo plc annual general meeting that
this team will now become the core of
a new business to be known as Ricardo
Motorcycles, together with the UK-based
independent motorcycle, powersport and
niche vehicle consultancy Vepro, recently
acquired by Ricardo.
“Over the past ten years, our
motorcycle customers have been
increasingly interested in devolving
strategic responsibility for individual
product programmes,” explains Ricardo
Motorcycles head of engineering, Paul
Etheridge. “But it’s not just engineering
resource they need – they also need to

know that they are in the expert hands
of engineers who live and breathe the
motorcycle and personal transportation
business. We have been developing exactly
this type of service in recent years, but
with the creation of Ricardo Motorcycles
we are demonstrating the extent of our
commitment to this industry.”
This expansion of in-house capability
also builds upon the collaboration
with Exnovo Srl of Italy, formalised
by a Memorandum of Understanding
(MoU) signed earlier in 2014. The new
network enables Ricardo to provide
an unprecedented level of full product
development capability – expertise
applicable to the demands of the rapidly
growing urban mobility sector in all
parts of the world, ranging from concept
design to niche manufacture, and for
motorcycles, scooters and other two-,
three- and small four-wheeler products.

Acquisition logic

Explaining the logic of the Vepro
acquisition and the formation of
Ricardo Motorcycles, Ricardo CEO
Dave Shemmans said: “We have long
been a leader in motorcycle powertrain
engineering, but the acquisition of

Motorcycle
development

Vepro and formation of the new Ricardo
Motorcycles business – together
with the MoU concluded earlier in the
year with Exnovo – takes things to
an entirely new level. We now have
the comprehensive capability, the
organizational footprint and the critical
mass to deliver our vision of becoming
the full vehicle engineering and design
partner of choice for this rapidly
expanding global industry.”
The combined specialist motorcycle
and scooter design, development and
engineering team of the new Ricardo
Motorcycles business will comprise a
staff of approximately 90, including 15
who will join Ricardo as a result of the
acquisition. In addition, the new Ricardo
Motorcycles business can draw upon
the skills and resources of the wider
global Ricardo organization – as well
as those available through the Exnovo
collaboration – in delivering class-leading
motorcycle projects.

UK-based powersport and
niche vehicle expertise

Based in Leicestershire, UK, Vepro has a
long history of working with Ricardo on
a range of motorcycle projects. Vepro
brings specialist motorcycle chassis,
powertrain integration and prototype
build expertise to the new Ricardo
Motorcycles business. It also brings
deep and complementary customer
relationships with key accounts in India
and the United States.
“This is a very exciting time in the
development of Vepro as part of the
new Ricardo Motorcycles business,”
commented Vepro founder and majority

owner Neil Wright, who remains with
the company following the acquisition.
“By becoming part of a much larger
organization we will be able to bring
our skills to bear across a much wider
customer base, while also working as an
integrated team within the new Ricardo
Motorcycles business.”

Like most members
of his team, Ricardo
Motorcycles head
of engineering,
Paul Etheridge
(opposite page) is
a keen motorcycle
enthusiast

Critical mass

The new Ricardo Motorcycles
business creates an internationally
unprecedented critical mass of
capability, expertise and global
reach in independent motorcycle
and scooter engineering. It will enjoy
continued access to the resources and
technologies of the wider Ricardo group,
but will also provide an unparalleled level
of commitment from a large team of
motorcycle specialists with a wealth of
expertise across all aspects of product
engineering and with vehicles of all
types, sizes, markets and applications.
The company’s extensive network of
international technical centres and
offices will also provide opportunities to
bring the Ricardo Motorcycles business
closer to its urban mobility customers in
all parts of the world.
“I believe that what we are creating
is something very special for the
motorcycle industry,” explains Paul
Etheridge. “Within a single organization
and its collaborating partners we can
co-ordinate any level of support activity
required by motorcycle manufacturers
anywhere in the world, from target and
attribute specification and concept
design to niche manufacture. We are
extremely well equipped with specialist

engineering software and test and
development resources and we have
the backing of the global Ricardo
organization.”
The full synergy represented by the
creation of the new Ricardo Motorcycles
is further complemented by emerging
demands of a motorcycle industry that
can stand to benefit from exactly the
type of technologies that Ricardo has
perfected in the automotive industry
in recent years. With motorcycle
emissions regulation in Europe lagging
passenger car requirements by around
10 years, Ricardo already has a wide
range of mature technologies available
for adaptation when Euro 4 comes into
force in 2017 for new motorcycles, and
Euro 5 around 4 years later. Equally,
with the passenger car industry seeking
to aggressively downsize gasoline
engines in the search for ever greater
fuel economy, the resulting engines are
increasingly looking very motorcycle-like
in terms of swept volume, package size
and power, providing further avenues for
improved efficiency and reduced CO2.
The consolidation of activity within
a dedicated motorcycle-focused
business unit able to draw resources
from the rest of the organization is thus
a compelling proposition, as Etheridge
concludes: “From the toughest tasks
of achieving the ultimate in design,
performance, fuel efficiency, low
emissions and exceptional customer
value, to delivering the most demanding
of full vehicle programmes for the
world’s leading motorcycle brands, I
believe that Ricardo Motorcycles is now
more than equal to any challenge.”

International motorcycle conference

The announcement of the new dedicated
motorcycle business was followed by a
highly successful first Ricardo Motorcycle
technical conference. This was held in Milan
on November 3, the day prior to the start of
the EICMA show – one of the foremost trade
exhibition events in the global two-wheeler
industry.

An audience of 80 delegates, including
motorcycle industry professionals and
media representatives, was treated to a
wide range of technical presentations. The
event was opened by Ricardo Deutschland
managing director Robert Hentschel,
followed by a keynote address by Prof. Dr.Ing. Helmut Eichlseder of Graz University of
Technology Institute of Internal Combustion
Engines and Thermodynamics.
Dr Philipp Seidel of Ricardo Strategic
Consulting provided some enlightening
insights into the market developments
affecting the motorcycle, scooter and urban
mobility sector. In particular he highlighted
the emergence of what he termed a ‘new
middle segment’ which has the potential to
grow in the post-recession but more costconscious markets of the West, as the same

time as appealing to the emerging middle
class of developing markets.
Other external technical papers were
presented on powertrain technology by
BMW Motorrad, on system solutions and
engine management by Robert Bosch, and
on driveline dynamics by Piaggio. Vehicle
engineering presentations were also
provided by KTM on motorcycle stability
control technology, and by Exnovo on urban
three wheeler design, while Ducati provided
an insight into its wearable integrated
motorcycle airbag system that aims to
significantly improve rider safety.
The highly successful event concluded
with an evening reception at which the
special guest was three-time 500cc world
champion, race team manager and owner,
Kenny Roberts Senior.
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Water Economics

Economics and life:

With increasing pressure on supply as well as demand, water
threatens to overtake oil as the primary commodity affecting the
health and economic prosperity of nations. Tony Lewin questions
the expert consultants at Ricardo-AEA to hear their advice to
international decision makers on how to manage an increasingly
precious and in-demand resource
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Water Economics

Our changing climate is placing
water under strain like never before.
Shortages are predicted in 200 of the
world’s 263 river basins, freshwater
species have declined by 76 percent
since 1970 and organizations as varied
as the Pentagon, the US intelligence
services and the Bank of England are
calling for immediate action.

Extreme weather disasters are hitting
the headlines with ever-increasing
frequency. Three years of drought in
California, heatwaves in Australia, Korea
and Japan, rivers bursting their banks
across Europe, flooding across southern
Britain, Lake Erie swamped with green
algae and India’s Kashmir region once
again underwater: almost all of these

Droughts and other
extreme weather
events are increasing
in frequency as
climate change builds
momentum, but the
Aral Sea (below) has
been receding
for many years

events revolved around that most
essential of all elements, water – either
too much of it or, even more critically,
too little.
The World Health Organization
calculates that by 2025, half of the
world’s population will be living in water
stressed areas, which it defines as
those areas where the demand for water
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exceeds the amount available during
a certain period, or where poor quality
restricts its use. Water stress, the WHO
adds, causes deterioration of fresh
water resources in terms of quantity
(aquifer over-exploitation, dry rivers)
and quality, which can take many forms
including eutrophication, organic matter
pollution and saline intrusion.
The world is at a crunch point, says
Dr Stuart Ballinger, leader of the water
practice at Ricardo-AEA, the leading
environmental consultancy which
has been at the forefront of research
on water resource management
for many years and which produces
high-level reports for governments,
businesses and international bodies.
“The shortage of water is a very serious
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Pentagon: climate threat
to US security

Even the US military and intelligence
services, not normally known for
their radical stance on environmental
matters, have sounded a warning
bell with recent reports highlighting
climate change as a danger to US
national security. In the foreword to
the Department of Defense’s 2014
Climate Change Adaptation Roadmap,
US Defense Secretary Chuck Hagel
describes climate change as a “threat
multiplier”, with the potential to
exacerbate many of the challenges we
are dealing with today – from infectious
disease to terrorism.
“We are already beginning to see
some of these impacts,” writes Hagel.
“Rising global temperatures, changing
precipitation patterns, climbing sea
levels, and more extreme weather
events will intensify the challenges of
global instability, hunger, poverty, and
conflict. They will likely lead to food and
water shortages, pandemic disease,
disputes over refugees and resources,
and destruction by natural disasters in
regions across the globe.”
The threat is thrown into even sharper

focus when it is realized that only a
minute fraction of the world’s water
resources is fit for human domestic
use. Fully 97.5 percent of the world’s
water mass is in the oceans, and thus
saline; just 2.5 percent qualifies as fresh
water, and of this quantity two thirds
is locked up in glaciers, 30 percent
is in groundwater and 0.8 percent is
permafrost. Just 0.4 percent is held in
the atmosphere or as surface water,
with two thirds of this in freshwater
lakes, 12 percent in soil moisture and
9.5 percent in the air. Wetlands are
the next most important freshwater
resource, with 8.5 percent of the total;
rivers account for a mere 1.5 percent.

Freshwater reserves
are shrinking

Not only are the effects of climate change
hampering the natural replenishment
of underground water reserves such
as aquifers, but the world’s expanding
population is consuming water at an
unprecedented rate. Global water
demand in terms of water withdrawals is
projected to increase by some 55 percent
by 2050, according to UNESCO’s 2014
Water and Energy report.
As a result, says UNESCO, freshwater
availability will be increasingly strained
over this time period: there is clear
evidence that groundwater supplies
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Experts in sustainable water management at
Ricardo-AEA assist governments, businesses and
international organizations at all levels in developing
strategies to protect against the risks posed by water
scarcity, pollution, flooding and drought. Among the
programmes recently conducted by the practice are:
•• Advising the UK government on future water
abstraction policy
•• Delivery of Catchment Sensitive Farming advice
aimed at reducing diffuse water pollution
from agriculture to help meet UK Government
requirements under the EU Water Framework
Directive
•• Delivering the Envirowise and Rippleffect
programmes to help UK businesses save money
through reduced water usage
•• Study for the UK Environment agency projecting
water availability for the food and drink sector out to
2050
•• Developing an agreement with the UK food and drinks
industry to reduce water use by 20 percent by 2020
•• Understanding the impact of UK drought restrictions
in the summer of 2012, for the national water
industry research body (UKWIR)

issue: it is already causing starvation
and the possibility of mass population
migrations is very credible.”

Green and blue water footprint Mm3 X 100,000 / yr)

Ricardo-AEA’s Water
Practice – a global authority
on water management

Country

Source: Global Water Security, Office of the Director of National Intelligence, Washington DC, 2012, quoting World Band and multiple other sources
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Ref. 5 “Will there be enough
water?” Revenga, C., Earth
Trends, October 2000, www.
earthtrends.wrl.org
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are diminishing, with an estimated 20
percent of the world’s aquifers already
over-exploited, some critically so. In
addition, deterioration of wetlands
worldwide is reducing the capacity of
ecosystems to purify water.
Stuart Ballinger at Ricardo-AEA
is clear about the reasons for the
acceleration in global demand for water:
“As well as being linked to population
growth, with 8 bn being predicted
for 2025 and 9 bn by 2043, much of
the acceleration is due to increasing
urbanization: this brings a big impact on
water use in its own right,” he says.
This trend leads Ricardo-AEA experts
to predict that water demand will grow
by 18 percent in developed countries by

2025, but by 50 percent in developing
countries, where the rush to the cities is
much more pronounced.
Ballinger also points to the
significance of the changing diets of
developing nations. With agriculture
responsible for some 70 percent of
fresh water consumption, it is the key
determinant of world demand for water.
To produce a kilo of beef takes over
15,000 litres of water, he says, while a
kilo of chicken requires less, at 4300; a
kilo of rice , on the other hand, is 1,670
litres and vegetables, just 322. [Source:
Mekonnen and Hoekstra (2010)] The
consequences of a wholesale transition
from a vegetable diet to a meat-based
one are clear to see.

Global water scarcity
map shows a
more than 20-fold
difference in the
amount of renewable
water available per
head of population.
North Africa, the
Middle East, the
Indian subcontinent
and Australia are
particularly arid
regions

The most frequently visible signs of our
changing water cycles are storms, heavy
rain and floods; yet, counter intuitively, the
net effect of this apparent excess of water
is a reduction in the natural replenishment
of underground water reserves.
Intervening drought periods are becoming
longer, explains Ballinger, and intense rain,
especially in urban areas, tends to run off
into rivers and the sea and does not have
time to percolate downwards and back
into the groundwater.
And though rising temperatures
accelerate the melting of the glaciers
that feed the world’s main rivers
and give a temporary boost to water
flow, water volumes will soon begin
to decline until there is insufficient to
maintain the watercourse. The very
grave risk here is that both quantity
and quality are further damaged: with
reduced water flow, the pollution and
contaminants in the water become
much more concentrated, bringing the
danger of disease and infection. This,
along with over-abstraction, can in
turn render the groundwater saline as
further concentrations of mineral and
plant salts filter down. Whole regions of
India have already been affected in this
way as over-abstracted and under-fed
reserves turn saline and render the
water unsafe.

Agriculture: key to
controlling demand

As the consumer of 70 percent of
the world’s fresh water – and in
some regions as much as 95 percent
– agriculture is top of any water
strategist’s to-do list when it comes to
controlling global demand.
“We need to be more efficient in
irrigation,” says Ballinger. “We will always

London’s Olympic Park: an example of
efficiency
As well as setting a new benchmark for sustainable construction and zero carbon
emissions in service, the Olympic Park complex built for London’s 2012 Olympic
Games sought to set new standards in water management, too.
Integral in the design of the buildings are dual systems incorporating potable
and non-potable water supplies. The latter, used for irrigation and toilet flushing,
is drawn from harvested rainwater as well as domestic grey water, while lowflow plumbing fittings help keep domestic potable water consumption down to a
target of 105 litres per person per day. The current London average is 144.
More controversial is Thames Water’s Old Ford recycling plant which uses
state-of-the-art processes to treat raw sewage (black water) and return it to the
Park’s grey water system within hours. This helps reduce the Park’s consumption
of premium-grade drinking water by up to 58 percent.
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Water footprinting: a useful technique?
The concept of establishing a water footprint for a product or activity is more complex than the
familiar process for carbon, but is nevertheless very useful in making comparisons and charting
improvements. It is also helpful in being able to highlight the “virtual water” used in the production of
the item, though not present in the final product.
Water analysts further break down the item’s footprint into individual prints for green water
(rainfall), blue water (rivers and aquifers), grey water (water polluted as a result of the process, but
not hazardous) and black (contaminated water).
Defining the total water footprint of a product as “the volume of freshwater appropriated to
produce the product, taking into account the volumes of water consumed and polluted in the different
steps of the supply chain,” waterfootprint.org lists the footprints per kilo of the following products as:
beef, 15,400 litres; milk, 1000; beer, 300; cotton, 10,000; cane sugar, 1800; bread, 1600; rice, 2500.
A major difference between water footprinting and carbon is that while a kilo of carbon is the same
wherever it is in the world, a litre of water will be vastly more valuable in a drought area than in a region
of heavy or consistent rainfall.

“With the graphs of rising demand and diminishing
supply having long since crossed over and demand
likely to begin escalating even more steeply, the global
water outlook is troubling, to say the least”
Dr Stuart Ballinger, Ricardo-AEA
need to grow food, and water will always
be required. We simply have to make
that water go further.”
What is needed, he says, is an
improvement in the ways in which water
is used, by developing the management
system to collect and allocate water and
by the use of water saving technologies
(e.g. movement from spray to drip
irrigation, simple measures such as the
scheduling of the irrigation and looking
at soil moisture content so you only
irrigate when it is necessary). “Those
kinds of things can be applied quite
readily: we have the knowledge and the

22 RQ • Q4 • 2014

Too much water
can be just as much
of a problem as too
little as hurricane
force winds strike
vulnerable coastal
areas

technology,” he comments.
Revising the selection of crops in favour
of more drought-resistant varieties can
help reduce local water demand; so, too,
says Ballinger, can good practice such
as reducing pipeline pressures to reduce
leakage, and avoiding irrigation in bright
sunlight. Policy also has its part to play:
well beyond the agricultural sector,
efficiency improvements in industrial
processes can see the re-use of water
on site – though Ballinger concedes that
the business case for such schemes is
not quite there yet because “water is
simply too cheap.”

Is there a tipping
point for water?

Climate scientists use the concept
of a point in global temperatures and
atmospheric CO2 concentrations beyond
which warming would become runaway
and therefore irreversible: experts in
the field of water believe that a similar
type of tipping point has already been
reached, certainly in some key regions in
Asia and the middle east.
“We are looking at just such a situation,”
agrees Ballinger. “We’ve already seen it in
various parts of the world: for example the
impacts of sustained drought in Australia
led to the loss of a number of freshwater
ecosystems. There was a tipping point
threshold from which they weren’t going
to recover.”
Again, he adds, in places like northern
India groundwater sources are heavily
saline because of over abstraction, and
because of the length of time it takes for
some of these aquifers to recover – if
they ever do –it is clear that we have
already reached that tipping point.
Furthermore, he says, there are
already the early signs of imminent
population migrations prompted by lack
of water, with northern India and also
the Yemen looking likely flash points:
“We are definitely going to reach a point
when people will have to move because
of a lack of water, and that could easily
cause conflict,” he warns.
Addressing this impending crisis
is a daunting task on every level. One
issue is the unavoidable reality that,
on both the demand and the supply
sides, implementing changes to the
water infrastructure is costly and slow:
the typical planning period for new
reservoirs in the UK, for instance, is 25
to 30 years. Farmers are now beginning
to introduce large open lagoons to
capture winter rains for use in summer,

Water Economics

Water facts
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but the urban water harvesting that
could also help mitigate localized
flooding comes up against space issues
and is more costly and more complex.
Other more behaviour-related
measures such as using rainwater to
irrigate gardens are gradually gaining
acceptance, but there is still some
consumer suspicion of grey water
schemes and, as Ballinger admits, black
water installations still face a major
perception problem. And though watersaving measures are being written into
national building and planning codes,
it will be many years before enough old
housing stock is replaced or improved
for the benefits to be felt at a national
level.

The outlook for water

With the graphs of rising demand and
diminishing supply having long since
crossed over and demand likely to begin
escalating even more steeply, the global
water outlook is troubling, to say the
least. And, says Ballinger, the necessary
changes will need to span not just
technology and resource management,
but personal behaviour too.
“It’s a global issue,” he says, “but the
level of change and the type of change
depends on the individual country. In
developing countries, for instance, we
need the infrastructure to start with, and

improved water management would be
high on my agenda almost everywhere.”
Water is heavy and demands energy
if it is to be moved around, so it makes
sense to store it and use it as locally as
possible: innovative local schemes such
as fog harvesting, currently being rolled
out in Chile, make sense, too, to give
smaller communities resilience in their
water supply. Leakage is also a big issue
globally, Ballinger points out, and there is
significant potential in the industrial reuse of water back on the same site. Longer
term, technical improvements to currently
energy-hungry desalination processes
such as reverse osmosis hold some
promise for hot areas like the Middle East.
Each of these individual developments
might be convincing, and there is
undoubtedly significant improvement
potential within the largest water sector,
agriculture. Yet, set against the enormity
of a 40 percent global water deficit
by 2030, and with over-abstraction
already having done much damage, the
measures in hand will have a tough task
restoring anything near a balance.
This is a very serious situation, with a
number of potential consequences such
as migration from certain regions without
water, as Ballinger contends: “In the UK
we have started to see abstractor groups
form, where groups share and trade their
allowances, but further afield there will

How much freshwater?
Underground aquifers

10,000,000 km3

Rainfall onto land

119,000 km3

Natural lakes

91,000 km3

Man-made reservoirs

5,000 km3

Rivers

2120 km3
Source: “Water for People, Water for Life” United Nations World Water Development Report,
Part II: A look at the world’s freshwater resources. UNESCO, 2003, www.unesco.org

Surface water
forms less than
0.007 percent of the
world’s total water
reserves, and of
this an even smaller
fraction is available
for agriculture,
industry and
domestic
consumption

be conflict, I am sure. And as the Texas
example of oil companies outbidding
farmers for scarce water resources
shows, the price is likely to go up.”
The likely three- or five-fold rise in water
prices may create affordability issues
for some groups in society, however, and
innovative tariff structures will be needed
to protect the most vulnerable; though
hard to implement, most regard some
form of rationing as inevitable in the
medium term. Across western Europe the
typical daily water consumption reported
by the European Environment Agency
ranges from some 260 litres per person
in Spain to half that in Germany; in the
UK, sustainable building codes will aim
to gradually pull per capita consumption
down from its present 150 litres to 80.
That figure might be seen as
something of a challenge for UK
industry, but for vast swathes of the
world’s population it would represent
total luxury and, vitally, freedom from
thirst, starvation and disease. Nothing
symbolizes the inequity of the globalised
economy more starkly than the
imbalance in access to water, the giver –
and also the taker away – of life.
With many predicting a downward
trend in oil prices and even – as we
reported in RQ Q1/2012, a peak in its
industrial demand – water may well be
the new commodity that determines
economic success or failure, or even
survival. In this context, the water
practice of Ricardo-AEA is ideally
placed to assist. “Our role here is to
provide expert advice and guidance to
governments and regulatory agencies
around the world,” concludes Stuart
Ballinger. “But the imperative here is a
much broader one: we need to stimulate
the political will among the world’s
decision makers to avert the impending
water disaster while we still can.”
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Latest developments from around the global Ricardo organization

Older buses can be cleaner than
hybrids, Ricardo study shows
In an extension of a study of the Brighton
& Hove Bus and Coach company fleet in
partnership with HORIBA, Ricardo has
shown that some of the oldest vehicles
can also be the cleanest, if retrofitted
with the latest low emissions exhaust
aftertreatment technology.
As reported in the last RQ, Ricardo
published results earlier in the year
demonstrating the important role that
improving traffic flow can have upon
reducing NOx emissions. The Brightonbased study focused on a range of buses
including Euro IV, Euro V conventional and
Euro V hybrid powered vehicles.
As a follow-up to this work, Ricardo
has since carried out measurements
on an older Euro III bus, retrofitted with
a selective catalytic reduction and
continuously regenerating particulate
trap system. Testing was carried out
on exactly the same route (No.7) as
the previous study, which traverses
Brighton and Hove through the air quality
hot spot of North Street in the city
centre. The bus was instrumented with
HORIBA’s advanced Portable Emissions
Monitoring System (PEMS) equipment
and loaded with ballast representing a
70 percent passenger load. Multiple trips
were conducted in normal traffic during
business/shopping hours, stopping at
regular bus stops in a similar manner to

Route No.7 overall averaged cumulative
measured NOx mass

300.00
NOx emitted (g)

the normal passenger service.
While the previous study had recorded
the expected trend of the latest vehicles
generating the lowest emissions over
the whole route, the latest research
found that, when averaged across the
route – and also for the section through
the North Street pollution hot spot – the
total emissions results of the Euro III
retrofitted bus were substantially below
those of all of the other buses tested,
including the Euro V hybrid vehicle. Scope
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Euro III DPF +
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Bus traffic dominates
in the known central
Brighton pollution hot
spot of North Street
– the impressive
performance of the
Euro III retrofit buses
provides an effective
means for the bus
operator to reduce the
emissions of the older
vehicles in its fleet

was seen for the further optimization of
the system calibration.
Data also indicated that of the
nitrogen oxides remaining in the exhaust,
the NO2 fraction was substantially
lowered to below 10 percent of total
NOx. Significantly from an operational
standpoint, however, the retrofitted
aftertreatment system required a
considerable period of warm-up before
its full emissions control functionality
could be achieved (typically 5 - 10
minutes from cold start).
“The results of this additional study
challenge the conventional received
wisdom that newer vehicles are always
better in terms of their emissions,”
commented Ricardo manager of
aftertreatment and chemical analyses,
Jon Andersson. “As bus operators
attempt to balance their fleet
replacement cycles with the imperative
to reduce pollution and hence improve
urban air quality, the optimal use of
retrofit clean technologies of this nature
may be an attractive and highly effective
alternative to the early replacement of
older vehicles.”

Ricardo News

Ricardo-AEA shows its global range and reach
Recent projects announced by RicardoAEA have demonstrated the extent to
which the environmental consultancy’s
services are in demand globally, and
underlined the breadth of its expertise.
A three-year contract, to provide
city-wide air quality monitoring and data
analysis, has been awarded by Saudi
Arabia’s capital city, Riyadh. The work will
provide a robust evidence base to help
the ArRiyadh Development Authority
make environmental improvements.
Ricardo-AEA is working in
collaboration with air monitoring
equipment supplier Envirozone LLC to
develop a network consisting of 17 air
monitoring stations across the city. This
will measure a wide range of different
air pollutants and will make nearly ten
million discrete measurements in total.
“This contract represents a major
progression of Ricardo-AEA’s business
in Saudi Arabia,” commented RicardoAEA’s air quality & environment practice
director Sean Christiansen. “Our team

of air quality experts is delivering
an authoritative evidence base that
will support the city’s ambitions for
environmental improvement.”
Moving further east to Vietnam,
technical directors from that country’s
Ministry of National Resources and
Environment (MONRE) visited RicardoAEA in October to attend the first in a
series of three workshops to support
the Vietnamese Government’s climate
change strategy.

Energy demand in cities

Furthermore, the consultancy has won a
£1 million funding award from Innovate
UK for a two-year development project
to build and evaluate a ‘prototype data
platform’ for cities – enabling them
to model energy demand and savings
opportunities from an individual building
level right through to a city-wide scale.
To be known as the Energy Data
Integration System (EDIS), the
platform’s key innovation will be its

Ricardo launches Advanced
Technology Development service
With the aim of accelerating customers’
technology development, and so
helping to bring profitable ideas to
market faster than ever before, Ricardo
launched a new Advanced Technology
Development (ATD) service at the
Innovate UK event in November.
The ATD service will offer fast, fully
tailored services, ranging from market
studies through engineering solution
development to demonstration and
prototype hardware build.
“We want to offer a laser focus on
helping customers succeed in their

efforts to bring new innovations
to market efficiently, robustly and
profitably,” explained head of Ricardo
ATD Richard Gordon. “We have identified
three service areas in which we believe
that we can add most value: technology
strategy formation, risk mitigation
and technology demonstration. We
can apply Ricardo’s outstanding
independent knowledge of technology
and markets in any or all of these
areas – working either as extension
of a customers’ team or as a turnkey
programme.”

Recycling label:
In the UK, Ricardo-AEA
has been awarded a
two-year monitoring
contract to support
the On-Pack Recycling
Label (OPRL) scheme,
a UK initiative to
encourage consistent
recycling messaging
on consumer packaging. The work will
focus on how the label
is used in practice,
ensuring that retailers
and manufacturers are providing
consumers with the
correct information.

ability to access and combine real
data from local authorities and utility
providers, modelling actual energy
demand behaviour patterns across an
entire city. This will revolutionise energy
planning and investment for councils
and utility providers.

Ricardo to run wave
energy competition
Ricardo has been selected by the US Department of Energy
Office of Energy Efficiency and Renewable Energy to
administer the Wave Energy Converter (WEC) prize challenge,
which is aimed at bringing this important potential source of
clean energy to commercial scale.
The WEC Prize will attract next generation ideas from new
and existing wave energy developers; Ricardo will plan and
co-ordinate the management of the prize along with two
partners.

Award for students on
Ricardo assignment
Coventry University students – while on a three-month
collaborative assignment with Ricardo – have scooped
two prestigious global design awards for their innovative
earthdigging excavator concepts [pictured].
Dr David Shuttlewood, vehicle dynamics specialist at
Ricardo Vehicle Engineering who oversaw the students’
projects, said: “It was both a pleasure and an inspiration
for myself and my colleagues at Ricardo to observe such
talented young engineers organising themselves as a
collaborative multi-disciplined team.”
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New KOHLER engine
features revolutionary
Ricardo combustion
system
Revealed for the first time at the EIMA show, Bologna,
Italy, and again at BAUMA China – one of Asia’s largest
construction industry shows – the new KOHLER KDI 3404
engine has been developed in partnership with Ricardo and
features the Ricardo Twin Vortex Combustion System
KOHLER Engines is promoting the new KDI 3404 engine
as being unique in a number of respects: for technical
innovation, performance, total ownership costs, operational
and environmental benefits. Produced in the KOHLER
Engines diesel production facility at Reggio Emilia in Italy, the
new KDI 3404 4-cylinder engine is available in two models
and four power ratings. In each case the new engine provides
performance that is equivalent to larger displacement
engines while delivering impressively low fuel consumption,
and complies with Tier 4 Final – Stage IIIB / Stage IV –
regulations without the use of a diesel particulate filter.
Ricardo assisted KOHLER Engines engineers in the
development of the new KDI 3404 engine from initial systems
specification through design and simulation – including use
of the Ricardo WAVE performance simulation and VECTIS 3D
CFD tools – to final calibration and validation testing. Crucially,
and in common with the other KDI family and other leading
off-highway engines, the new KOHLER KDI 3404 engine
benefits from the use of the ultra-clean Ricardo Twin Vortex
Combustion System, enabling the engine to achieve the
toughest international emissions standards for this class of

product, without the need for a diesel particulate filter.
“We are really proud to have been able to assist KOHLER’s
engineering team in the design and development of the new
KDI 3404 engine,” commented Dr Andy Noble, Ricardo head
of heavy duty engines. “The KDI 3404 is a best in-class new
product that benefits from the incorporation of Ricardo’s
state-of-the-art Twin Vortex Combustion System low soot
technology. We congratulate KOHLER Engines on the launch
of its new engine and thank them for choosing Ricardo to
collaborate on its development.”

PPA acquisition boosts energy capability

As a result of the acquisition in November of PPA Energy, which
specialises in techno-economic and management consultancy
services for the energy sector, Ricardo has made a valuable
extension to the group’s energy sector capability.
PPA Energy has a particular emphasis on innovation within the
power industry and an extremely strong international customer
base covering over 90 countries, with particular expertise in
economic and financial analysis, pricing, market regulation and
technology for electricity networks.
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The company will function as a new consultancy practice of
Ricardo-AEA, and will enable it to respond in a broader way to the
requirements of clients as they seek to understand not only their
renewable energy potential, but also how to connect with modern
electricity networks and establish appropriate market mechanisms.
PPA Energy also represents a highly complementary fit with the
technical consulting activities of other parts of Ricardo that are active
in providing support to customers in the design, development, and
operational maintenance of systems ranging from on- and offshore
wind to tidal stream power, energy storage and power generation.
“PPA Energy is an excellent fit with Ricardo-AEA, both in terms of
complementary technical capabilities and our very similar business
culture and mode of operation,” commented Ricardo- AEA managing
director Robert Bell. “There is significant potential therefore, to expand
the business of PPA Energy, Ricardo-AEA, and the wider Ricardo group,
providing a much wider set of services to our respective clients.”
Neil Pinto, CEO of PPA Energy, added: “PPA Energy has a nearly 20 year
history of steady growth and providing excellent service to our clients.
Joining a larger organisation like Ricardo, with its high calibre technical,
economic and data management skills, will enable us to take the next
major step in our development, and provides further opportunities for our
employees.”

RICARDO TRAINING

TECHNICAL
TRAINING BY
ENGINEERING
EXPERTS
Frequent courses offered in
a wide range of disciplines
Internal Combustion Engines - Basic
10 Feb 2015, 14 Apr 2015,
7 Jul 2015, 17 Nov 2015
Location: Ricardo Shoreham Technical Centre
Price: £750 per person
Internal Combustion Engines - Advanced
15-16 Apr 2015, 8-9 Jul 2015, 18-19 Nov 2015
Location: Ricardo Shoreham Technical Centre
Price: £750 per person per day
Automotive Transmissions
11-12 Nov 2015
Location: Ricardo Midlands Technical Centre
Price: £750 per person

Noise, Vibration & Harshness (NVH)
13-14 May 2015
Location: Ricardo Shoreham Technical Centre
Price: £750 per person per day

Hybrid 2 day
19-20 May 2015, 13-14 Oct 2015
Location: Ricardo Shoreham Technical Centre
Price: £750 per person per day

Diesel & Gasoline Engine Calibration
9-10 June 2015
Location: Ricardo Shoreham Technical Centre
Price: £750 per person per day

Brand new for 2015

Why Hybrid? Market Drivers &
Legislation Explained!
26 Mar 2015, 23 Sep 2015
Location: Ricardo AEA, Marble Arch, London
Price: £995 per person

Turbocharging & Boosting Systems
18-19 Mar 2015
Location: Ricardo Shoreham Technical Centre
Price: £750 per person per day
Automated Transmissions
10-11 Jun 2015
Location: Ricardo Midlands Technical Centre
Price: £750 per person per day

RICARDOKNOWLEDGE

eSTORE

Book your courses online at our new eStore.
Available now: eLearning
Purchase Ricardo’s online Internal
Combustion Engine Basics course today!

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

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

estore.ricardo.com

Delivering Excellence Through Innovation & Technology

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

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

www.torqstor.com
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