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The task of RQ is to highlight 
the latest thinking in global 
engineering and technology in the 
transportation and clean energy 
sectors and related industries. 

We aim to achieve this by presenting an up-to-
date mix of news, profiles and interviews with top 
business leaders, as well as in-depth features on 
programmes – both from within Ricardo and other 
leading companies. 

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

RQ magazine is printed on paper 
certified as being in compliance 
with the environmental and 
social standards of the Forest 
Stewardship council ®.
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Flow cell power 
showcase
A new form of automotive power was displayed in 
dramatic shape by lichtenstein-based nanoFlowcell 
at the Geneva show earlier this year. the Quant 
e-Sportlimousine concept employs a flow cell, 
which combines the principles of fuel cells and 
electrochemical batteries. Running with two 
unspecified metallic salt liquid electrolytes, the flow 
battery claims five times the specific energy of a 
li-ion battery and offers a range of 600 km. However, 
observers noted that the need to carry 200 litres of 
each electrolyte could prove a packaging and weight 
headache on any future production model. 

inDuStRy news

The latest generation versions of 
Toyota’s Aygo city car will feature 
improvements in gasoline engine 
technology which boost thermal 
efficiency to a claimed 38 percent. This, 
says the company, is greater than any 
other mass produced gasoline engine 
and comes close to the 40 percent 
efficiency enjoyed by many diesels.

The 1.3 litre unit runs with a 
compression ratio of 13.5:1 and 
operates on the Atkinson cycle, more 
normally associated with hybrids. 
Other features include variable valve 
timing, cooled EGR and new port and 
piston design to provide more swirl. 
Toyota says these developments give 
a fuel consumption improvement of 
30 percent in the Japanese test cycle 
and the company plans to introduce 14 
further new engine variants based on 
this technology by 2015.

Engineering consultancy IAV, 
meanwhile, expects to cut fuel 
consumption by some 14 percent in an 
engine featuring cylinder re-connection. 
In contrast to the conventional switching 
off of two or more cylinders under light 
load, IAV’s I2+2 engine uses a clutch 
in the centre of the crankshaft to 
mechanically disconnect two of its 
four cylinders in normal running, thus 
reducing friction as well as fuel use; only 
when more power is required are the 
remaining cylinders brought into play.

Supplier Delphi has joined the move to 
even higher injection pressures with its 
new modular CR diesel injection, capable 
of up to nine events per cycle, along with 
new diesel ECUs offering even greater 
processing power. 

Power electronics could be the key 
to further improvements in the fuel 
efficiency of hybrids, adds Toyota in a 

parallel development. Power control 
units (PCUs) currently account for about 
25 percent of the total electrical power 
losses, 20 percent of the total being 
attributable to semiconductors. Using a 
new silicon carbide compound instead of 
the normal silicon in the semiconductors 
substantially reduces these energy 
losses and also allows the PCU to be 
reduced in size by about 80 percent. 
Toyota is aiming to achieve a 10 percent 
improvement in energy efficiency 
in its hybrids and other electrically 
powered vehicles using the new power 
semiconductor materials.

toyota claims 
record gasoline 
efficiency 

Pushing the limits: 
Toyota has developed 

a 1.3 litre gasoline 
engine which 

claims 38 percent 
efficiency

The latest in technology, innovation and sustainability across world industries
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Highlighting the latest thinking in automotive 
engineering and technology worldwide 

news in BRieF

The smallest and westernmost of 
Spain’s Canary Islands is to become 
the first island in southern Europe to 
be powered entirely by its own self-
generated wind and hydroelectric power. 
El Hierro, with a population of around 
10,000, has never been connected to 
an external electricity grid and used to 
rely on an oil-fired power station for its 
power. 

This summer, however, will see an 
11.5 MW windfarm come on stream 
to power the entire island, including its 
water desalination plants. The Canary 
Islands are known for their strong winds, 
but to guarantee a round-the-clock 
supply of power the wind turbines also 
pump fresh water to a high-level volcanic 
crater. When wind speeds are low, water 
is released through turbines to generate 
power.

In addition, under an agreement 
with Renault-Nissan, the island plans 

to replace all its vehicles with electric 
models by 2020. The island of Samsø in 
Denmark is also 100 percent renewable 
in its power supply, with a mix of on- and 
offshore turbines that are locally owned 
and controlled; district heating schemes, 
powered by straw and wood chips, are 
also in place.

In an unconnected study, researchers 
from London’s Imperial College Business 
School have concluded that new 
windfarms have a longer economic 
lifespan than gas-turbine power stations 
and that the UK’s earliest turbines, 
installed in the 1990s, are producing 
almost twice as much output as had 
previously been predicted.

“Our study provides some certainty, 
helping investors to see that wind farms 
are an effective long-term investment 
and a viable way to help the UK tackle 
future energy challenges,” said Dr Iain 
Staffell, co-author of the paper.

europe’s largest-ever field trial of 
hydrogen fuelled vehicles is set 
to take to the road in the HyFiVe 
programme funded by the european 
commission and industrial partners. 
leading the rollout will be Asian 
automakers Hyundai, toyota and 
Honda, along with Daimler and 
Bmw as well as ten further supplier 
organizations.

Hyundai will account for the 
majority of the 110 vehicles 
envisaged for the scheme, supplying 
75 fuel cell powered ix35 crossovers. 
Six cities, including london, munich 
and Stuttgart, will be studied, and 
london – which is co-ordinating 

the programme – will see three new 
fuelling stations capable of providing 
hydrogen at 700 bar pressure. 

the Joint undertaking already 
has several fuel cell Hyundai models 
based in Brussels for assessment 
by mePs and european community 
officials: the aim of this new and 
much expanded project is to 
contribute to the establishment 
of the first networks at local levels 
necessary to support the market 
introduction of the vehicles in the 
coming years. Daimler is among 
the automakers promising the 
commercial availability of fuel cell 
vehicles from 2015.

Hydrogen trial expands

tesla opens up its patents
In a move that has taken conventional automotive players 
by surprise, Tesla CEO and Paypal founder Elon Musk has 
declared that other companies can make use of Tesla’s 
patents, provided it is for the good of electric cars in general. 
Musk expressed the wish that the move would help promote 
a “common, rapidly-evolving technology platform”.

muscle car power race returns
Just as north America is beginning to digest its new 
climate protection legislation, two major automotive 
players have announced their most powerful cars ever. The 
2015 Chevrolet Corvette Z06’s supercharged 6.2 litre V8 is 
rated at 650 hp, while the similarly sized HEMI engine in the 
new Dodge Challenger SRT Hellcat boasts over 600 hp. 

control your home from the car
Toyota and Panasonic are collaborating on a cloud-based 
system which will allow car occupants to control domestic 
equipment remotely. Among the functions under study 
are the operation of air conditioning, TV and recording 
equipment and the status-checking of home appliances.

tyre tread depth alert
Legislation in many markets already requires real-time 
tyre pressure monitoring; now tyre and electronics 
supplier Continental is working on a system of embedded 
sensors which will monitor the tyres’ tread condition, too. 
The software calculates the tread depth from gradual 
changes in the tyre’s rolling characteristics, says Conti, 
alerting the driver when a new tyre is due.

india’s air worse than china’s
Contrary to general belief, urban air pollution is worse 
in India than China, according to figures from the World 
Health Organization. In its survey of 1600 cities worldwide, 
the WHO rated New Delhi air worst at 153 mg/m3 of PM2.5 
particulates; China’s dirtiest, Lanzhou, was 33rd, with 
Beijing 77th. The WHO’s safety limit is 10 mg/m3 PM2.5.

motorcyclist’s airbag jacket
Ducati is claiming a world safety first with its wirelessly 
integrated airbag jacket. Available with the special 
Multistrada D-Air model, the intelligent passive system uses 
built-in sensors and electronic systems to determine the 
severity of the accident and trigger the airbags in the rider 
and passenger jackets, a process which takes just 45 msec.

Diesel loco comes clean
When is a diesel train clean, quiet and fuel efficient? In the 
case of the latest Bombardier TRAXX, now being supplied to 
Germany’s Südostbayernbahn (SOB), the answer is when it 
is powered by no fewer than four engines. Each of the diesel 
engines produces 563 kW and can be switched on or off 
individually as required. This, says Bombardier, means the 
locomotive only develops the energy it actually needs for the 
task in hand. 

Spain’s renewable island
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In a series of separate developments the European authorities 
have postponed tougher CO2 emissions standards for 
passenger cars, signalled their intention to tackle carbon 
emissions from heavy goods vehicles, and effectively rejected 
calls for safer and more aerodynamic cabs for trucks.

Heavy duty trucks and buses currently account for around 
a quarter of road transport carbon emissions in the EU but, 
in contrast to passenger cars, their emissions have not 
improved in the past two decades. The European Commission 
is proposing to embark on the certification, reporting and 
monitoring of HD vehicle emissions in preparation for as-yet 
unspecified regulation in 2015; the suggestions have met 
with hostility from much of the truck industry, though the 
automakers’ trade body ACEA concedes that the extra 
transparency would help buyers make clearer choices. The 
EC is also promoting a computer tool which would allow it to 
calculate the specific energy consumption of any bus or truck 
configuration. 

On the passenger car side pressure from Germany 
has resulted in a one-year delay – to 2021 – for the full 
implementation of the 95 g/km fleet average CO2 standard; 
the Commission also conceded additional super-credits for 
electric and other low-emission vehicle sales. 

Five out of seven European automakers will hit their new 

fleet CO2 targets early, calculates Brussels-based Transport 
& Environment. Toyota, PSA, Renault, Ford and Daimler will be 
ahead of the 2021 deadline, as will Volvo, based on its rapid 
recent improvements. VW and Nissan will both be on schedule 
but, based on current performance, Fiat, BMW and several 
Asian brands will be late and will incur fines.

Figures compiled by JATO show that in 2013 fifteen of the 
20 top-selling brands in Europe undershot the current 130 
g/km limit, with Renault now the best performer at a fleet 
average of 110.1 g/km. Long-time leader Fiat slipped to fifth 
place on 118.1 g/km.

The debate over future CO2 standards is further 
complicated by continuing uncertainties over the 
implementation of the new and much more consistent World 
Light Vehicle Test Procedure. Originally set for 2017, the WLTP 
should be delayed until at least 2021, says ACEA.

emissions 
overhaul in 
europe

Volvo has published images 
of the interior of its upcoming 
new Xc90 luxury crossover, 
revealing a much-simplified 
dashboard and a portrait-
format central display and 
touch screen modelled on that 
first shown in the concept Xc 
coupé earlier this year.

the most notable 
aspects of the new interior 

environment are the use 
of the icon-based Apple 
carPlay interface on the 
centre screen and the almost 
complete absence of minor 
switches and buttons on 
the dashboard. A simple 
strip of four switches 
and a single rotary knob 
operate in conjunction with 
steering wheel mounted 

thumb controls to cover all 
the necessary functions; 
conventional premium car 
designs can have as many as 
30 buttons, says Volvo.

Volvo claims the system is 
intuitive and allows drivers 
to keep their attention on the 
road. the new Xc90, due in 
September, will also integrate 
a new type of navigation 
system offering the world’s 
first integrated Park and 
Pay application and will even 
book itself in for a service 
automatically.

carPlay, which uses the 
system of icons familiar to 
users of all Apple devices, 
has to date been shown in 
models from three premium 
brands – Ferrari, mercedes-
Benz and Volvo; a further 15 
automakers are interested in 
using the system, says Apple.

Simplified controls in new interiors two-wheeler 
technology 
hots up
Two of the world’s biggest automotive 
suppliers, Bosch and Denso, are 
promoting new fuel injection systems 
for low-cost single-cylinder motorcycles 
and scooters. 

Denso claims its DIET-FI delivers 
similar economy and environmental 
performance to conventional systems, 
despite having five fewer components, 
while Bosch says it can supply 
electronically controlled fuel injection for 
the same price as a carburettor.

Bosch’s system comes as part of a 
suite of customized powertrain solutions 
for all classes of motorcycle. As well 
as claiming improved performance, 
emissions and costs, Bosch’s fuel 
injection can also integrate with the rider’s 
smartphone to provide fuel consumption 
and journey data, while a further feature 
allows the owner to immobilize the vehicle 
by shutting off the fuel supply.

Truck emissions: 
European authorities 
intend to monitor 
CO2 and efficiency
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Viewpoint

There have been several incremental 
improvements in automotive hybrid 
and electric vehicle battery technology 
over the last five years. We have 
also seen some something of a 
breakthrough in derivative work in the 
area of mature lithium ion cathode 
technology, in particular with Nickel 
Manganese Cobalt (NMC) materials 
providing much improved capacity 
and increased cycle life. Beyond this, 
there have been some fundamental 
improvements in pack design. These 
have focused in particular upon thermal 
management to optimize capacity, 
package size, reliability and efficiency, 
and also in structural integrity which 
has delivered additional benefits in 
improved crash worthiness.

But while technology developments 
have been promising, the big 
unanswered question remains the 
issue of cost. As of now, we simply 
do not see any dramatic cost 
improvement relative to energy 
storage becoming available in the near 
term. This situation is not helped by 
the wide range of powertrain variants, 
from low voltage mild hybrids to 
high voltage full hybrids and battery 
electric vehicles, complex packaging 
challenges and differing requirements 
in energy density and power density.

The current approach of mass 
customization unlikely to yield the 
savings that industry needs; this 
will only come about through some 
level of standardization either at the 
pack level or most probably at the 
cell level. In addition, there need to 
be improvements in the supply chain 
reliability - the supply chain has been 
erratic in recent years as a result of 
changes of ownership and strategy.

Notwithstanding these challenges, 
Ricardo has built up tremendous 
expertise designing battery packs 
and battery management systems. 
We monitor and work with more than 
40 different suppliers of battery 
cell technology across a broad 
spectrum of chemistries, formats 
and applications, and have developed 
novel ways to package and thermally 
manage battery systems that enable 
us to extract more power and/or 
capacity whilst protecting cycle life. 

While these efforts are commercially 
attractive in high performance and 
motorsport applications, the mainstream 
automotive sector requires a further cost 
breakthrough in lithium ion technology.

Thus, over the last year, we have seen 
a push especially from the European 

and Asian OEMs to look for lower cost 
hybrid solutions, such as 48 V mild 
hybrids. This technology requires much 
smaller energy storage, less than 1kWh, 
and also opens up the opportunity to 
form smaller standardized battery 
packs. The development is also driving 
targeted research into advanced 
versions of older battery technologies. 
For instance, Ricardo is engaged heavily 
in the research of high-carbon advanced 
lead acid cells and batteries. The new 
(compact) cells offer sufficient capacity 
for mild hybrid applications and are less 
expensive than Li-ion equivalents. This 
technology offers a wider temperature 
range, being able to operate down to – 40 
Celsius and up to + 60 Celsius. 

The battery industry is still in 
development and changes are occurring 
at a rapid pace. Yet it is becoming a key 
element in many market sectors, not just 
the automotive space. Today, Ricardo is 
seeing more and more applications for 
commercial vehicles, motor cycles and 
military, agriculture and off-road vehicles 
as well. This will create new opportunities 
and challenges for the industry.

what next for electric and hybrid  
vehicle batteries?
Paul Rivera – Ricardo global product group director, hybrid and electrical systems

the current 
approach of mass 
customization 
unlikely to yield 
the savings that 
industry needs; this 
will only come about 
through some level 
of standardization 
either at the pack 
level or most probably 
at the cell level

the mercedes that 
tilts into bends
Luxury carmaker Mercedes-Benz is extending the capabilities 
of the ABC intelligent suspension system fitted to its top 
S-Class ranges. As well as the familiar body control functions 
and the predictive road-surface-scanning Magic Body Control 
announced last year, the new Coupé version of the S-Class 
adds a further facility: a function which tilts the car into a 
bend, much like a motorcycle or a downhill skier.

The thinking behind the innovation is to reduce the lateral 
forces acting on occupants under cornering: the system is not 
designed to achieve higher cornering speeds, says the company, 
but to allow the vehicle to “glide elegantly through bends”. 

The tilt control is active between 15 and 180 km/h, the 
required tilt angle being achieved by raising the base points of 
the ABC suspension’s steel springs on one side and lowering 
them on the other; the angle depends on the bend radius and 
the cornering speed.

Transport CO2 to 
double by 2050, 
warns IPCC
Greenhouse gas emissions from the transport sector are 
projected to double by 2050 unless urgent action is taken 
to stem the increases, says the Intergovernmental Panel on 
Climate Change (IPCC) in its latest report.

Transport accounts for 23 percent of total energy-related 
CO2 emissions, but with demand much higher in OECD 
countries there is a major risk of significant escalation when 
transport demand per capita begins to rise in developing and 
emerging economies, says the IPCC.

The continuing growth in passenger and freight activity 
could outweigh all mitigation measures unless transport 
emissions can be strongly decoupled from GDP growth, 
says the IPCC with a high degree of confidence. Without 
“aggressive and sustained” mitigation policies being 
implemented, transport emissions could increase at a faster 
rate than emissions from the other energy end use sectors, 
it warns.

Yet on a more hopeful note the organization’s analysis 
points out that there is a higher emissions reduction 
potential in transport than in other sectors, and that if 
stringent pricing and policy measures are adopted in 
all regions, a “substantial decoupling of transport GHG 
emissions from GDP growth seems possible”.
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mclaren Automotive is barely three years old as a car brand 
and you are up against famous names such as Ferrari, Porsche 
and lamborghini, all producing mid-engined two-seater 
sports cars. How is mclaren positioning itself in the market?
We see McLaren as very much focused on outstanding 
dynamics: our cars are fundamentally drivers’ cars, and we 
use technology to produce cars that are leading in their class; 
we will stay focused on the market position of sports cars. I’m 
often asked the question, especially in China, whether we’re 
going to build an SUV. We won’t build an SUV for quite a few 
reasons: we don’t have the technology or component base, 
and it isn’t what the McLaren brand is all about.

the cayenne SuV transformed the fortunes of Porsche. 
could there ever be circumstances where the temptation 
would become too strong, or is this an absolutely 
fundamental tenet?
That’s impossible to answer, and you can never say never. 
Speaking today, it’s not the intention of the management team 
or the shareholders – but who’s to say who the management 
team and the shareholders will be in 15 years’ time? Porsche 
benefited from the relationship with the VW group and the 
availability of a platform. We couldn’t finance the development 
of a completely new platform: it would require a different 
ownership structure to the one we have today. I would also 
argue that it has changed the nature of Porsche – less than a 
third of its cars are now sports cars.

will you continue to use the same composite tub and the 
Ricardo-built V8 engine as your core ingredients? 
Yes, for a time. That engine is developing into a family of 
engines that have the same [internal] dimensions. You’ve 
seen with the P1 how we can apply electrification: that engine 
is less than three years old and has been voted International 
Engine of the Year in its class for the past two years. It’s a very 
competitive engine and has a lot of development left in it. 

Don’t you need to go to 10 or 12 cylinders to compete  
in the market?
No, I don’t see us going up. If you ask me ten years from now 
if I see us coming down, then yes, probably: as the technology 
moves forward it would be a logical evolution, but it’s not 
currently planned.

even though the horsepower race is in full swing?  
what about co2 legislation?
The CO2 limit derogation for small-volume manufacturers 
like us is not fully defined much beyond 2016/17, so what we 
are asked to do is to show a continuous improvement in CO2. 
So our powertrain path going forward shows our CO2 going 
steadily down: I can’t see us doing a sub-100 g McLaren in my 
lifetime, but a sub-200 g McLaren is already in production with 
the McLaren P1 which, for the kind of performance we have, is 
pretty astonishing.

Best in class
Translating its famous perfectionism into the context of supercars 
for the affluent, McLaren relies on technology rather than tradition 
to draw in a highly discerning clientele. tony lewin hears CEO mike 
Flewitt’s views on everything from aerodynamics and electrification 
to shifting sales patterns, the role of Ricardo as engine supplier and 
building the position of a brand that came late to the supercar party 

inteRView
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Does the remarkable co2 performance of the Bmw i8  
mean that the authorities may put pressure on other 
carmakers to show similar results?
Hybridization is a consideration in the mid-term. Will we move 
to i3-type range extender vehicles? I doubt it – I think the world 
would be quite disappointed if that’s where all supercars ended 
up. It’s important to choose the optimum engine architecture 
and when to apply hybrid to give us the performance we have 
today, along with phenomenal CO2 figures.

Do have any sense of how much electrical power relative  
to combustion engine power would be acceptable to a 
mclaren customer? could it be 50-50, say?
It would be different from customer to customer, but I don’t 
think at this stage that electricification will overtake the base 
powertrain [in terms of power] for us. But I drove the Tesla 
when I was out in the US, and it’s an incredibly impressive 
vehicle to drive. The torque on pullaway is excellent, so it is 
hard to say there isn’t going to be a role for sports cars like 
that in the future. But for us, and for some time, the engine will 
still dominate and we will use electric power probably for low 
speed pullaway, probably for torque improvement, probably for 
infill on gearchanges, and for electric-only city use, all of which 
are used to great effect on the McLaren P1.

you place a lot of emphasis on consistency, and you will be 
using substantially the same tub and engine in your cars 

going forward. is there a danger that these cars will be so 
similar that buyers choose the new, lower-cost P13 at the 
expense of the 650S?
Yes, they will both be mid-engined and they will have the same 
basic engine architecture, but the engine characteristics will 
be different, the suspension will be different and the vehicle 
characteristics will be different. The 650S will justify its 
premium over the P13. Will there be some cannibalization? 
Yes there will, because if someone simply wants to add a 
McLaren to their collection it might be the P13, which will then 
be the new car in the market. But I don’t think it’s difficult to 
understand that you can have like vehicles in different price 

Best in class

mclaren Automotive
Race driver Bruce mclaren built the first competition cars under his own name 
in 1963, and the team went on to become one of the most successful in the 
history of can Am and Formula one.

the early 1990s saw the revolutionary three-seater Bmw-engined F1 
supercar for the road, followed by the front-engined SlR sports car developed 
with mercedes-Benz.

the road car manufacturing arm of the mclaren Group was spun out of the 
F1 team in 2011, when it launched the 12c supercar powered by a V8 engine 
built by Ricardo. A Spider version followed in 2012, while the highly advanced, 
hybrid-drivetrain P1 made its production debut in 2013. the current year has 
seen the 650S join the range, and a lower cost sports car, codenamed P13, is 
set to appear in the third quarter of next year. Further ahead is an additional 
advanced supercar, coded P15, in 2017 or 2018.

mclaren will build some 1400 cars this year, has 51 dealerships around the 
world and turned a “low single digit millions” profit in the current year.

“For us, and for some time, the engine will 
still dominate and we will use electric power 
probably for low speed pullaway, probably 
for torque improvement, probably for infill 
on gearchanges, and for electric-only city 
use, all of which are used to great effect on 
the mclaren P1”

 RQ • Q2 • 2014 9

Interview



segments that offer enhanced characteristics – just look at 
Porsche with the Boxster, Cayman and 911.

Does having all your cars mid engined make it hard to 
differentiate them in terms of design?
Yes it does. It’s partly the mid-engined layout and partly 
cooling. One of the most significant factors in a mid-engined 
design as horsepower levels rise is cooling. Right now, 
we’ve done everything with side-mounted radiators: we’re 
constantly looking to get enough air in, and that’s what 
tends to dictate the styling. Moving to supplementary front-
mounted radiators would again have styling implications. One 
of the most challenging aspects of designing cars like ours is 
the aerodynamics: it is partly about downforce and grip, partly 
about low drag, efficiency and cooling the car. And it has to 

look pretty good once you’ve finished, as no one buys an ugly 
sports car. 

Does your F1 experience help here? is this why you are 
moving towards active aerodynamics?
Our head aerodynamicist came across from the Formula One 
team and they are ahead with a different set of considerations: 
the base technology and science would be the same, but the 
application is very different. Without the sporting legislations 
and regulations, I would argue that what we do [on the roadcar 
side] is more complicated – but perhaps that’s being unfair on 
the F1 team.

Do you anticipate any significant advances in  
battery technology, and can you learn from the F1  
team’s hybrid experience?
Technology is definitely advancing. Smaller, more energy-
dense batteries at affordable prices would help a lot, and 
weight is an issue too – the single heaviest part of the 
car is the battery. Road car technology is probably more 
advanced than F1 in a way, and one of the things that will 
change is that we will have to design our vehicles with 
hybridization in mind from day one rather than applying it 
retrospectively. Just look at the Tesla: it’s designed around 
the fact that it is an electric vehicle and the battery is within 
the floor structure.

what is the upper limit to mclaren’s production capacity? 
chassis, engine, assembly?
The production centre in Woking currently has a maximum 
capacity of about 5000 vehicles a year. We have plans to get to 
[production figures of] 4000 to 4200 a year by 2016 when the 
P13 is in full production.

“Knowing what our product plan is, i’m 
confident we can put very exciting, very 
competitive and very appealing product 
into the market”

650S Spider  
(above) is at the 
core of the mclaren 
line-up, all of which 
use members of the 
V8 power unit family 
built by Ricardo 
(below)
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where will the growth come from [that takes you]  
beyond that 4500-unit level?
In my [immediate] plans I haven’t factored in any sales from 
markets like India, Russia and significant parts of Africa and 
South America because they’re not sports car markets and I 
don’t want to get into predicting how they will evolve; it’s based 
far more on what we understand today. I’m also limiting, to 
some extent, our forecasts around China, where there is now 
an evolution in the taste for vehicles and people are starting to 
like sports cars. It’s also a market where I can see legislation 
changes dictating things more radically than in, say, Western 
Europe. I can’t afford to bet on China being 30 percent of our 
business and then China decides they don’t want sports cars 
any more.

mention of china takes us to the distribution and 
demographics of your sales worldwide. what picture do  
you currently see?
In very rough figures I see Asia as one third, north America as 
another third, and Europe and the Middle East as the final third. 
That’s a shift: previously, we might have had Asia down as 15 to 
20 percent and Europe on its own as a third. The Middle East is 
good for us, and we have good awareness. The US is amazing: 
there is less interest in Formula One but they all love and 
remember Can Am and Indycar, which the McLaren brand was 
very successful in during the 1960s and 70s. Also, they are the 
classic early adopters: we’re a new brand, and they want to try it. 
Add those factors together, and the US is a super market.

what is top of your  
“change” list?
I’d like to grow the awareness 
of McLaren. I’d like everyone 

considering a car in the segments we’re in to consider 
McLaren. We are still relatively niche, if not in appeal then 
in understanding. But that’s changing: we’re getting better 
at marketing and communicating what we’re all about, our 
products are being recognized, and technology certainly 
helps – we wouldn’t have grown at the speed we have done in 
China without the internet. That’s the key: knowing what our 
product plan is, I’m fairly comfortable we can put very exciting, 
very competitive and very appealing product into the market. 
It will be very challenging with legislation and with technology, 
especially with rivals who have R&D budgets that are many 
multiples of our total turnover. But that’s the challenge and the 
reason why we have to focus on specific sectors and focus in on 
being competitive in those segments: we need to make sure the 
product has sufficient appeal that it can create enough revenue, 
a combination of price and volume, to give a return.  

mike Flewitt, ceo, mclaren Automotive
A keen classic car enthusiast who is currently restoring a 1963 lotus elan, mike Flewitt 
began his auto industry career on the production line at Ford’s Halewood plant, now 
owned by Jaguar land Rover.  Following HnD and masters degrees in manufacturing and 
mechanical engineering, Flewitt worked for twR, Autonova AB and Rolls-Royce Bentley 
before rejoining Ford, eventually become VP of manufacturing for Ford of europe in 2003. 
He joined mclaren in may 2012 as chief operating officer, taking over as ceo a year later.

limited-edition P1 
uses sophisticated 
plug-in hybrid 
technology to 
achieve remarkable 
performance: a 
track-only GtR 
version has recently 
been announced, 
priced at £1.98 m
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With atmospheric CO2 concentrations having passed the 400 ppm threshold and the IPCC’s 
latest report calling for immediate action, accurate information and scientific planning are 
essential to the success of climate mitigation and adaptation measures. tony lewin speaks 
to key figures at the organization employed by governments worldwide to provide expert 
advice on climate policy – Ricardo-AEA

bringing global emissions to account 

The recent reports from the 
Intergovernmental Panel on Climate 
Change (IPCC) spell it out more clearly 
than ever before: governments and 
political leaders are not doing enough 
to avert the massive risks posed by 
climate change in the coming decades. 

Yet the thousand-plus scientists 
contributing to the reports also say that 
it may not be too late: if governments 
act quickly and decisively, it is still 

technically possible to contain planetary 
warming within more acceptable limits 
where damage is restricted and the 
prospect of runaway temperature rise is 
avoided or at least delayed.

To do this, however, will require strong 
political will and an intensive push on 
all fronts to reduce greenhouse gas 
(GHG) emissions. Already there are 
some encouraging signs: mitigating 
technologies such as renewable 

energy systems are becoming more 
affordable, and since the IPCC’s 
previous major report in 2007, climate 
change awareness is greater and many 
more nations have developed their 
own emissions reduction plans. Even 
so, says the IPCC, these reductions 
are still not enough to keep pace with 
the accelerating output of greenhouse 
gases from mature economies and, 
especially, from fast-industrializing 
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bringing global emissions to account 
emerging economies such as China 
and India. As a result, atmospheric CO2 
concentrations are rising twice as fast 
as in preceding decades, heightening 
the imperative for urgent action.

mRV – key to international 
climate action
As part of the global response to 
address climate change, countries are 
putting in place national strategies, 
plans and actions to reduce their 
emissions of greenhouse gases. And 
central to any country’s response is a 
national system for the measurement, 
reporting and verification (MRV) of 
the actions they are taking, including a 
comprehensive and tailored inventory of 
their emissions.

Under the umbrella of the United 
Nations Framework Convention on 
Climate Change (UNFCCC) all signatory 
nations will shortly be required to report 
their emissions at regular intervals. 
Effective national MRV systems will 
therefore enable governments to 
meet their international reporting 
requirements and are the cornerstone 
on which all climate actions are based.

The first step in any climate action is 
to know the starting point: this involves 
building an inventory of a nation’s 
current emissions to form a baseline 
against which any improvements can 
be measured. The inventory will list the 
principal sources of emissions, offering 
planners a menu of different areas in 
which emissions can potentially be 

reduced; if the actions prove successful, 
the next round of reporting will show 
reductions in emissions, thus verifying 
the improvement in GHG performance. 
And it is the promise of such verifiable 
and visible improvement that can help 
to attract the central element in the 
puzzle – the climate finance to fund 
measures which can mitigate the 
effects of climate change. 

These are all areas where Ricardo-
AEA has world-leading experience: 
indeed, the organization developed 
and continues to manage the UK’s GHG 
inventory system; as well as assessing 
the effectiveness of many UK climate 
policies, it has also monitored EU 
Member States’ mitigation policies for 
the European Environment Agency; 

 RQ • Q2 • 2014  13

Climate action



Hurricane ike strikes 
the Florida coast 
(below) and a flooded 
road in Richmond, 
near london, in 2014
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is one of the main things. Yes, MRV 
is a bit of a buzzword, but it’s also a 
reporting requirement: in other words, 
countries have to report back on what 
actions they are taking to put effective 
MRV arrangements in place.”

mRV – key to international 
GHG inventory building
Given that the GHG emissions inventory 
is the foundation stone that will later 
allow a nation to attract climate 
finance, how do the experts begin the 
daunting task of cataloguing an entire 

and is now working with many other 
countries and institutions across the 
world on developing climate change 
strategies and policies.

MRV is a principle that can be 
applied to any set of issues, says Dr 
John Watterson, principal consultant 
at Ricardo-AEA and former manager 
of the UK’s GHG inventory. “This is a 
concept that has gained traction at the 
climate negotiations because it is a 
convenient wrapper that encapsulates 
what needs to be done, and the 
reporting of greenhouse gas emissions 

nation’s GHG balance – the emissions 
from its industries, its transport and 
its everyday activities, and the CO2 
absorbed by its open spaces, forests 
and natural habitats?

 Precisely what needs to be reported 
depends on the economic status of the 
country in question, says Watterson; 
developed nations are required to 
report much more, but in each case 
comprehensive guidance is available 
from the IPCC, where Watterson was 
a lead energy sector author for the 
most recent (2006GLs) edition. The 
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IPCC guidance is able to translate each 
area of economic activity – such as 
iron and steel industries, transport, 
agriculture or forestry – into specific 
quantities or rates of emissions. Within 
these, Watterson observes, energy-
consumptive industrial activities are 
much easier to quantify and activities 
involving organic processes, especially 
land use change, demand more 
advanced techniques. 

“Armed with information and 
economic data that the country and 
its government departments would 
normally have, along with a good 
guidance book, you can come up with an 
emissions inventory,” says Watterson. 
“Taking the example of emissions of 
methane from cattle, you would ask 
what kind of cattle they were, how many 
and what kind of agricultural system 
they operate in; you can then apply 
a suitable factor and it will give you a 
crude estimate for the emissions from 
that agricultural activity.”

More refined, country-specific 
estimates can later be developed, 
but these can be time consuming 
and expensive to do; more important, 
says Watterson, is that countries get 
going with the ready-made guidance. 
The building of the inventory is “not 
as bad as you might think” in terms of 
complexity, he claims, and there are 
a number of international bodies that 
countries can approach to fund expert 
consultants from organisations like 
Ricardo-AEA to provide guidance and 
practical support.

It is important to follow the rulebook, 
he adds, as using common methods 
enables comparability between 
countries. “A tonne of CO2 must be a 
tonne whether it’s emitted in Bangalore 
or Birmingham,” he stresses, “and simple, 
defined rules also help the comparability, 
completeness and accuracy of the 
reporting part of the process.”

Planning mitigation actions
The inventory reporting template is 
the common currency of the global 
MRV system, but it does more than 
just provide a snapshot of a country or 

region’s emissions at a given moment. 
The inventory also provides invaluable 
data which can be used to forecast 
alternative scenarios based on different 
mitigation actions and help to design 
measures that are the most appropriate 
to the local economy, environment 
and national priorities. One-size-fits-
all solutions are rarely appropriate: 
not every country will be best served 
by a large hydroelectric scheme, for 
instance, or by investment in the energy 
efficiency of individual buildings. 

The progress of these ‘nationally 
appropriate mitigation actions’, or 
NAMAs in climate jargon, can then 
be tracked through successive MRV 
reporting cycles to establish which 
measures are the most successful and 
cost-effective; if they prove beneficial, 
they can be scaled up to country or 
regional level, with the transparency 
of reporting allowing other nations to 
evaluate their potential too.

Though the main thrust of all climate 
mitigation actions is, by definition, 
to help the nation shift onto a low 
carbon pathway in its development, 
the absolute maximum CO2 emissions 
saving may not necessarily be the 
overriding priority; when planning 
climate aid, consideration may also 
need to be given to the likely co-
benefits of the measures when it comes 
to factors such as the alleviation of 
poverty, the creation of employment 
opportunities, and expanding access to 
energy through rural networks. 

Once again, says climate finance 
expert Chris Dodwell, Ricardo-AEA 
director for international projects, 
both governments and donors have 
to negotiate carefully around the 
sometimes conflicting priorities when 
it comes to allocating finance for 
different countries, some of which 
may be further along the industrial 
development route than others.

“If you are simply interested in tonnes 
of carbon saved, which is what the 
climate change departments [in rich 
countries] are interested in, then you’d 
probably give most of your money to the 
larger emerging economies,” he says. 

“They’re the ones that are likely to have 
the biggest emissions going forward, so 
you are likely to get the most bang for 
your buck in terms of dollars per tonne 
of CO2 reduced.”

The counter argument voiced by 
some economic development experts 
is that those larger economies should 
be carrying out those climate actions 
themselves and that the money would 
best be spent in the least developed 
countries who would be unlikely to get 
finance through any other route. “You 
have to find the sweet spot, where you 
get development benefits but also 
emissions reductions too,” counsels 
Dodwell.

Value for money in  
climate finance
In today’s era of tightened budgets and 
pressure on foreign aid, climate action 
packages are minutely scrutinized 
and have to fill strict value for money 
criteria. Even so, with so many 
conflicting priorities at both ends of 
the chain, those criteria are tricky to 
establish, as Dodwell explains:

“Now, as the payments are starting 
to scale up, value for money is becoming 

Push or pull?
How is the climate aid process kicked 
off? Do developing countries simply 
call for assistance, do they lay the 
groundwork first – or do the rich 
nations provide aid based on their own 
priorities?

A good question, says Ricardo-AeA 
international projects director chris Dodwell, who 
notes that over the past three-year fast-start finance 
period it has been the countries with the institutions in 
place and which were “putting themselves in the shop 
window” that attracted a lot more finance. 

the countries who were among the first to establish 
robust climate strategies and institutions (including 
mRV systems) are the ones who, to date, have 
benefitted most, he says.

“Kenya received quite a lot of funding during that 
initial period,” says Dodwell, “and so did Vietnam 
and indonesia. All of these were countries that were 
pushing themselves forward as being open to this 
money and ready to receive it.”

other countries, by contrast, are more reluctant 
for a variety of reasons, including not wanting to be 
pushed into accepting targets. china, says Dodwell, 
does not want any climate support, and india too 
is quite sceptical and does not even have a nAmA 
programme. nevertheless, he notes that it does have a 
lot of mitigation activity, and Ricardo-AeA is currently 
working with the indian authorities to build up the 
necessary national institutions to enable them to use 
international finance more effectively.

“mRV is a bit of a buzzword, but 
it’s also a reporting requirement: 
in other words, countries have 
to report back on what actions 

they are taking to put effective mRV 
arrangements in place” Dr John Watterson, 
principal consultant, Ricardo-AEA 
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much more important. The simplest 
measure, and the one that from the 
climate perspective is most important, 
is tonnes of emissions reduction 
compared with projected ‘business 
as usual’ emissions. You can measure 
that on a project basis, a programme 
or policy basis or even at a sectoral or 
country level.”

However, stresses Dodwell, there is 
a second concept – co-benefits – that 
must be taken into account. “Co-
benefits from a climate perspective 
can be air quality improvements, energy 
access, poverty alleviation, green jobs. 
You have to be tracking those measures 
as well because the initiatives that are 
going to be financed will probably have 
to deliver a combination of both.”

conflicting demands
While Watterson resists the notion 
that the data from MRV reports for 
the developing and middle-income 
countries could be compared to provide 
potential climate investors with a 
league table of suitable projects, the 
results certainly do have an important 
role in highlighting on a global basis the 
easy wins available to funding providers; 
yet, he counsels, this is not the whole 
answer: “This isn’t just about emissions 
mitigation. It’s about development and 
other co-benefits, too.”

And it is when weighing up all 
these conflicting demands that the 
standardized inventory reporting of 
the MRV process will allow investors to 
compare competing opportunities on 
the same terms in a credible evidence 
base. The first round of BURs – biennial 
update reports of differing depths from 

all countries – is due in December this 
year and is based on the philosophy of 
supplying a little less information, but 
more frequently, again providing greater 
breadth and transparency for investors. 

Acknowledging that it is vital to 
get countries on board in the most 
straightforward way possible and 
into the habit of reporting at regular 
intervals, the Ricardo-AEA led 
Information Matters project (see panel 
on page 17) for the German Government 
funding organization GIZ has set itself 
the task of helping four developing 
countries (Ghana, the Philippines, Chile 
and the Dominican Republic) build the 
capacity to create these reports. Yet, 
says Watterson, there is still a long way 
to go and some countries still think that 
this is something that is optional, rather 
than obligatory, to carry out.

where does the cash come 
from?
An immensely complex web of criss-
crossing conduits is responsible for 
channelling the roughly $360 billion of 
climate finance that flows from rich 
countries to the developing world each 
year. Broadly speaking, government 
budgets contribute to development 
finance agencies, either national, 
bilateral or multilateral; these then 
feed through a variety of channels into 
on-the-ground programmes enabled 
by grants, policy incentives and risk-
reduction mechanisms. 

Yet the proportion of the finance 
coming from government sources is 
relatively low: analysts at the Climate 
Policy Initiative calculate a proportion 
of just 38 percent of total climate aid. 
That is no accident: the role of the 
public-sector aid is to prime the pumps 
for private finance, and to reduce the 
perceived risks for private investors 
and thus make the investments appear 
more attractive to the commercial 
organizations and individual investors in 
the frame. 

As an example, the Climate 
Investment Fund (CIF), an arm of the 
World Bank, has been active since 2008 
and boasts of a 1:7.8 leverage ratio, its 
$8 billion seed money translating into 
some $55 billion of climate-resilient 
low-carbon development finance in 48 
countries. Among the CIF’s channels 
of assistance are clean technology 
funds, forest investment programmes, 
the scaling up of renewable energy 
schemes in low-income countries, and 
a pilot programme for building climate 
resilience into mainstream economic 
development. This pattern is echoed in 
other agencies’ offerings.

what’s special about Kenya?

Ricardo-AeA experts have been involved 
in generating GHG inventory systems 
for many different countries, but the 
national climate Action Plan developed 
for Kenya goes an important step further. 

the Action Plan includes a national 
performance and benefit measurement 

framework, itself comprising a Ricardo-AeA-designed 
mRV+ system that integrates climate mitigation and 
adaptation actions. By highlighting synergies between 
mitigation and adaptation actions the system will 
help inform and guide the Kenyan Government on the 
implementation of concrete climate change response 
actions, whether in the form of policies, projects, 
programmes or business ventures.  

“Ricardo-AeA was pleased to have been able to 
contribute to this important climate change initiative 
for Kenya,” said Ricardo-AeA principal consultant 
Gill wilkins. “the national performance and benefit 
measurement framework demonstrates Kenya’s climate 
finance readiness and provides a strong platform for 
attracting international finance from multilateral and 
bilateral development partners.”
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Yet even those achievements, 
impressive though they are, are not 
sufficient, says the Climate Policy 
Initiative’s latest Landscapes 2013 
report: 

“Landscape 2013 finds that global 
climate finance flows have plateaued at 
$359 billion, or around $1 billion per day 
– far below even the most conservative 
estimates of investment needs,” 
says the report. On the other hand, 
the report continues, there is some 
cause for optimism: although private 
investment has declined in general 
terms, technology costs for large-scale 
renewable energy have fallen further.

Over the last two years, Ricardo-
AEA has worked with a range of 
donors, financial institutions, recipient 
governments and private investors on 
all aspects of climate finance. This work 
has included how to design national 
institutional frameworks to help direct 
climate finance to where it’s most 
needed; how to design national systems 
to monitor and evaluate flows of national 
and international financial support; 
how to mainstream climate issues into 
the investment activities of European 
financial institutions; how donors should 
best assess value for money when 
supporting low carbon development 
projects; and which instruments are 

likely to be most effective in scaling up 
private sector investment.

outlook
The IPCC is just one of the organizations 
to have signalled the growing urgency of 
the situation; even in the US, normally 
home to widespread scepticism about 
climate change, the warnings of the 
recent National Climate Assessment 
have been highlighted by President 
Obama in the build-up to his anticipated 
climate legislation later this year.

The common theme across all these 
analyses is that the effects of climate 
change will be felt by both rich and poor, 
though there is no doubt that the poor 
and vulnerable will be hit hardest. Floods 
in the UK, storms on the US east coast 
and droughts in California may attract 
the lion’s share of media attention and 
dent insurance companies’ profits, 
but extreme climate events in Africa 
and other poor regions will further 
exacerbate existing stresses and cause 
more human misery overall. 

“The key message of the IPCC 
Working Group III report is that the 
solutions to avoiding dangerous levels 
of climate change do exist,” concludes 
Chris Dodwell. “The question we need 
to answer urgently is how to deploy the 
technologies, skills and investment 

needed so we can accelerate rapidly 
from our current snail’s pace to the 
scale of action required by the IPCC.”

The answer, he adds, lies in striking 
the right balance between three 
focus areas: increasing the scope and 
effectiveness of national mitigation 
policies; optimizing the efficient 
use of public finance to support 
implementation; and creating the 
market conditions which will trigger 
the large changes in private sector 
investment patterns identified by the 
IPCC. 

Floods in southern 
england in early 2014 
were widely blamed 
on the effects of 
climate change

Information Matters:  
improving international climate
change reporting

Ricardo-AeA is working with GiZ, a German federal 
enterprise in the field of international co-operation for 
sustainable development, in the information matters 
project to assist countries in setting up a reporting 
system for their Biennial update Reports (BuRs) and, 
also for their national communications. 

the project is already underway in chile, Dominican 
Republic, Ghana and the Philippines. its goal is to 
enable the participating countries to improve the 
collection, analysis, and reporting of climate-relevant 
data through capacity-building activities. countries 
will then be better able to respond to the enhanced 
reporting requirements of the unFccc.

Ricardo-AeA has conducted a review in each of 
the four selected countries and together with GiZ 
organized kick-off workshops at which the key 
ministries in each participating country discussed a 
capacity-building plan covering the next two years. 
other organizations working in similar areas in the four 
countries including the united nations Development 
Programme (unDP) on low emission capacity 
Building (lecB) Project and the GeF funded project 
“Preparation of Ghana’s initial Biennial update Report 
to unFccc” are also being involved from the outset to 
maximize synergies and avoid overlaps.

later, up to four capacity-building missions will take 
place in each country for government staff involved in 
measuring and reporting.
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At a time when many businesses 
and industries continue to strive for 
improved levels of efficiency, major 
technological advances are regular 
occurrences in the automotive sphere; 
weight reduction is an especially 
important avenue of development. In 
the off-highway sector, by contrast, the 
efficiency of construction equipment is 
not usually affected by machine weight 
and impacting its performance is highly 
undesirable; as a result, an even greater 
challenge lies ahead for OEMs and Tier 
1 suppliers seeking to improve off-
highway efficiency.

So what better place for Ricardo 
to debut TorqStor – its latest energy-
saving, and efficiency improving 
technology – than CONEXPO, one of 

the biggest events of 
the year for all those 
involved in the construction 
industry? Designed specifically for the 
construction sector, TorqStor is the 
most recent generation of Ricardo’s 
high-speed flywheel energy storage 
system. 

The principles behind TorqStor 
technology had already been previewed 
and its capabilities proven, via real-
world trials on a 17-tonne high efficiency 
excavator (HFX) in 2013. Test results 
showed that the flywheel-based system 
alone had the ability to recover half 
of the total potential energy used in 
the excavator application yielding a 
minimum of 10 percent fuel savings but 
giving the potential to unlock further 

for fuel efficiency
TorqStor, Ricardo’s new high-speed flywheel energy storage technology, made its 
debut at CONEXPO 2014 in Las Vegas. David Rollafson, Ricardo’s VP of innovation, 
explains to John challen how the system can greatly improve the efficiency of off-
highway construction equipment, and hints at what role it might play in the future

Digging 
deep 
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savings given additional 
equipment optimizations. Confident 

of the system’s benefits, Ricardo is 
now keen to engage with construction-
sector OEMs in order to get the product 
to market and help fleets trim their 
operating costs: hence the presence at 
CONEXPO this year.

The HFX concept debuted at BAUMA 
in 2013, and was based on the previous 
iteration of the Ricardo high-speed 
flywheel technology. For the 2013 
demonstration, the flywheel unit was 
deployed in a production excavator 
and tested over a repeated materials 
handling cycle at a range of different 
engine speeds. Integration with the 
machine’s hydraulics was limited due 
to the use of a production machine, 

but sufficient modifications 
allowed the demonstration of 
the benefits that could be 
expected should a production 
unit be developed. The results of fuel 
measurements taken across all engine 
speeds indicated that, given appropriate 
integration, the new TorqStor device 
enable expected savings in the region of 
10 percent.

The criteria here relates to a well-
integrated excavator application that 

would be effective when used at typical 
operating speeds, explains David 
Rollafson, vice president of innovation 
at Ricardo, and one of the driving forces 
behind the project. “Coupled with further 
improvements to the base machine 
such as engine downsizing, hydraulic 
system improvements and ancillary load 
optimization, the overall fuel savings 
possible will be substantial,” he says.

Continuous development of the 
TorqStor module meant that by the time 
of the Las Vegas show it had evolved into 
200 kJ capacity unit, identical to pre-
production items that had already been 

Digging 
deep 
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created by Ricardo for the purposes 
of evaluation and product integration. 
These units offer a peak power rating 
of 100 kW and an internal flywheel 
speed of up to 45,000 rev/min, with an 
output geared down by a ratio of 22:1. 
This is achieved through a combination 
of TorqStor’s advanced magnetic gear, 
which in addition to providing a path for 
torque through the vacuum chamber 
wall incorporates a fixed gear ratio, and 
a conventional gear train which can be 
made consequently simple, robust and 
selectable to match the application. The 
unit is compact, with a package volume 
of less than 220 litres, and a weight of 
under 100 kg excluding the interfacing 

hydraulic pump/motor. For applications 
where weight is an issue, it is possible 
to significantly reduce this figure if 
required.

new-generation thinking
To get to this point, a number of key 
improvements were made to the 
predecessor system, with a view to 
transitioning to the pre-production 
stage and on to a working prototype. 
The production TorqStor’s carbon fibre 
composite flywheel and magnetic 
gear system will provide for a scalable 
range of energy storage capacities 
for different equipment applications. 
The magnetic gear enables the unit 
to operate in a permanently sealed 
vacuum, and permits ease of in-field 
maintenance for high-availability 
applications.

“The technology has been developed 
with a specific focus on the off-highway 
and construction equipment market, 
with input from off-highway OEMs,” 
says Rollafson. “We have also leaned 
on the experience that we have gained 
in developing our HFX excavator, 
which demonstrates the real-world 
integration of a flywheel into a 17-tonne 
machine to yield an incremental 10 
percent fuel efficiency.”

Given that a 20 tonne-plus excavator 
in commercial use will typically use over 
$40,000 of fuel per annum, dependent 
on its duty cycle, Rollafson argues that 
the flywheel presents an attractive cost 
saving to machine operators. “OEMs can 
leverage flywheel technology in a new 
machine to differentiate their machines 
with better fuel economy and therefore 
increase sales over their competition,” 
he maintains.

torqStor versus other 
hybrids in the market
Ricardo has invested steadily in flywheel 
energy storage technology over the 
past seven years; culminating over 
the last year, in the creation of the 
pre-production TorqStor prototype 
that appeared at CONEXPO. The 

TorqStor flywheel offers a much 
reduced package size compared to a 
hydraulic accumulator hybrid solution, 
and is expected to be significantly 
more cost effective than an electrified 
(supercapacitor or battery) hybrid 
solution, while also offering reduced 
integration complexity and wider 
application within the machine. There 
are no electric motors, inverters, 
generators, DC-DC converters, power 
cables, bespoke cooling systems, 
high voltage safety systems, earth 
leakage detection, or fuses. In terms of 
a customer’s return on investment in 
the technology, Ricardo estimates that 
in real-life usage, the payback period 
would be in the region of two years, 
compared with between five and seven 
years for a supercapacitor system.

“The most important factor, we 
believe, is that a flywheel is a totally 
mechanical means of storing energy, 
so will not have the stigma of electrified 
hybrid solutions, the resale values 
of which are sometimes severely 
impacted in certain markets,” states 
Rollafson. “Maintaining a high resale 
value for the machine reduces the 
machine owner’s operating cost, 
which, together with the fuel efficiency 
improvement, is a compelling case 
for adoption of flywheel-equipped 
machines.” In fact, Ricardo advises 
OEMs to incorporate flywheels widely 
into machines without the ‘hybrid logo’ 
so the differentiation would centre 
purely on the machines’ better fuel 
economy.”

Ricardo has estimated that this 
energy recovery and re-use process can 
save a machine operator approximately 
10 percent of their annual fuel bill with 
further savings available from other 
vehicle improvements likely to be 
achieved during flywheel integration. 
Considering some >20-tonne machines 
cost some $40,000 to fuel for a year, it is 
clear the magnitude of the savings that 
could be made. 

“Loaders, similarly, do work 
against gravity but also execute 

”coupled with further improvements  
to the base machine such as engine 
downsizing, hydraulic system improvements 
and ancillary load optimization, the overall 
fuel savings possible will be substantial” 
David Rollafson,  
vice president of innovation, Ricardo

what is torqStor?
 • Ricardo torqStor is an advanced flywheel energy 
storage system, storing energy that would otherwise 
be wasted through descent control or braking. 
the energy is captured and stored in a high-speed 
flywheel and can be returned to the drivetrain 
or power systems when needed, thus providing 
improved efficiency and fuel economy. 

 • the torqStor module is self contained and comprises 
a high efficiency, carbon-fibre composite flywheel, 
a magnetic and a fixed ratio mechanical gear system 
to provide for a scalable range of energy storage 
capacities for different equipment applications. its 
highly innovative magnetic gear system enables the 
unit to operate in a permanently sealed vacuum and 
permits ease of in-field maintenance, with the units 
being easily swappable should the need arise.

 • torqStor is ideally suited to applications involving 
regular and repeated movements or speed changes, 
such as excavators and wheel loaders, and vehicles 
with a repetitive duty cycle.

 • excavators work against gravity, and the flywheel 
provides an ideal opportunity to recover the potential 
energy contained in the raised bucket. Approximately 
half of the total potential energy that is currently 
wasted in the descent of the arm and bucket has been 
demonstrated to be recapturable, and this can then 
be made available for storage and re-use.
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frequent forward and reverse motion 
(‘Y-turns’) which gives us the additional 
opportunity to harvest braking energy 
from their hydraulic drivetrain and 
return it to deliver fuel savings,” adds 
Rollafson.

In developing applications for 
TorqStor technology Ricardo is initially 
focusing on heavier excavators and 
loaders as it is these that have the 
highest duty cycle in terms of work 
done and multiple shift working, such 
as when employed in highway and 
buildings construction and show very 
positive business case. Rollafson 
comments: “Lighter machines as used 
by general builders tend to stand idle for 
considerable periods and are at a much 
lower price point so fuel savings would 
not be as attractive and the overall 
business case becomes difficult.”

engineering for efficiency 
and serviceability
As a potential hybrid solution for 
off-highway OEMs, Ricardo believes 
that TorqStor stands apart for a 
number of reasons. The first reason 
is its permanently sealed vacuum. 
As flywheels turn at high speeds (up 
to 45,000 rev/min) they need to run 

xxxxxxx

Display model 
(above) of a 200 kJ 
capacity torqStor 
unit comprised of 
genuine machined 
parts fitted in a 
transparent casing 
enabling visibility of 
the highly innovative 
internal workings 
of the system 
(identical to those of 
the preproduction 
prototypes currently 
being prepared for 
delivery to key oem 
and tier 1 customers).  
A 3D cAe model of 
torqStor’s magnetic 
gear (below – see 
sidebar on page 23)
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in a vacuum to avoid air resistance 
causing friction, heating and loss of 
stored energy. “If, as on conventional 
solutions, a shaft is used to transfer 
the energy into and out of the flywheel, 
a high-speed rotating seal must be 
used to maintain the vacuum,” explains 
Rollafson. “Such seals have friction and 
invariably leak, therefore requiring an 
on-board vacuum pump to maintain the 
vacuum. Ricardo views these rotating 
seals and vacuum pumps as single 
points of failure, thus challenging for 
production deployment. The company’s 
advanced solution is to eliminate 
the shaft seals and vacuum pump, 
and instead deploy a magnetic gear 
to transfer torque in and out of the 
flywheel across a permanent vacuum 
wall.”

Rollafson also explains that TorqStor 
has been designed with in-field 
serviceability in mind; this gives further 
potential help to reduce running costs. 

“The bearings in a flywheel rotate at 
high speed, and have a finite service 
life. While not expensive, these bearings 
may need to be replaced during the 
lifetime of the machine in certain 
applications, during a predetermined 
service. We have designed the flywheel 
and its vacuum containment as a field-
replaceable ‘cassette’: using hand-tools, 
this cassette can also be replaced 
without the need to have a vacuum 
pump available.” Rollafson says that the 
bearings of the removed cassette can 
be easily replaced at a service centre 
and the refurbished unit re-vacuumed, 
tested and returned to the parts supply 
chain. 

Modularity is also a key consideration 
of the Ricardo unit, the development 
team being fully aware that different 
machines, sizes and applications could 
quite easily call for different energy 
storage levels. “The base 200 kJ 
flywheel unit is sufficient for excavators 

manufacturing maturity
Pre-production prototypes of the new 
variant torqStor flywheel will be available 
by the end of June 2014, and, as units 
are limited, they will be allocated to oem 
customers who are willing to commit to 
working with Ricardo to integrate the 
flywheel into prototype machines. this 
collaboration will act as a precursor to the 
development of a full production flywheel-
equipped machine. it has also been made 
clear by Ricardo that it is not currently able 
to allocate units for academic, research 

or experimentation projects as these will 
be less effective in driving the near-term 
commercialization of the technology, 
although simulation based project requests 
are welcome.

“the target customers are off-highway 
and construction equipment oems, 
particularly in respect of the excavator 
and loader machine segments,” explains 
David Rollafson, VP of innovation at 
Ricardo. “the reason for this is twofold; 
our HFX demonstrator and its real-world 

test results most directly relate to these 
markets, and the key hydraulic component 
necessary to integrate the flywheel 
into a hydraulic system (the variable 
displacement hydraulic pump/motor) is 
available as an off-the-shelf production 
component. 

“integrating a flywheel mechanically into 
a drivetrain (in a bus or a passenger car) 
requires a cVt, and in our opinion there are 
no suitable, cost effective devices currently 
in commercial production.”

”the most important factor, we believe, is that a flywheel 
is a totally mechanical means of storing energy, so will 
not have the stigma of electrified hybrid solutions, the 
resale values of which are sometimes severely  
impacted in certain markets” David Rollafson,  
vice president of innovation, Ricardo

22  RQ • Q2 • 2014

Energy storage



and loaders of approximately 20 tonnes 
weight. If more energy is available 
to be recovered, for example on a 
larger machine, this same unit may be 
augmented with an additional flywheel 
inertia to increase its energy storage 
capacity up to a maximum of 4.5 MJ,” 
says Rollafson.

Ricardo is confident that, with its 
engineering assistance, TorqStor 
pre-production prototypes will be 
integrated into machines rapidly 
using the OEMs’ preferred choice of 
hydraulic systems supplier’s pump/
motor and valves. This assistance 
comprises Ricardo’s vehicle systems 
integration services, control and 
hydraulics skills and advanced, 
validated simulation toolsets. Also, 
specifically, the significant experience 
gained in developing its HFX excavator 
and the optimum control strategies 
to maximize fuel efficiency without 
compromising driver control feedback.

Peer recognition
As well as being one of the highlights of 
March’s CONEXPO, TorqStor was also 
centre of attention at the SAE World 
Congress the following month. SAE 
experts selected the system as one of 
five recipients of the SAE Tech Award, in 
recognition of engineering innovation, 
potential for real-world production 
application, and potential benefit for 
industrial customers and end users. 

Rollafson believes that such exposure 
to the wider industry will help spread the 
word about the system as Ricardo looks 
to place the flywheel technology in the 
widest possible range of applications in 
the construction equipment sector.

 “We believe that the high-speed 
flywheel offers a highly pragmatic 
and low-cost approach to achieving 
real-world fuel savings in construction 
equipment operations, and are beginning 
to investigate possible benefits for other 
applications,” he confirms. 

torqStor’s magnetic magic 
when Ricardo first started its development work 
on torqStor and elected to go down the route of a 
magnetically geared kinetic energy storage device, there 
were a number of software packages on the market 
that could be used in the design and optimization. one 
of these was the opera package from cobham technical 
Services, which impressed with its scripting flexibility 
for the automation of design investigations, and ease 
of interfacing to other software tools. As such, opera is 
now Ricardo’s electromagnetic finite element analysis 
(FeA) tool of choice, and has been an integral part of the 
torqStor design process.

Given that time to market is a critical element in 
today’s energy conservation industries, Ricardo set a 
three-month target for all magnetic analyses for the 
torqStor project. During this period the development 
team simulated more than hundred individual design 
concepts using opera, each involving successive 
changes to a wide range of parameters such as material 
properties, practical designs and magnet temperatures 
to examine the effects on torque capacity and magnetic 
losses. the entire operating cycle of the device needed 
to be accurately simulated in order to fully evaluate 
its performance, so relative rather than absolute 
parameter changes were employed to help minimize 
analysis time.
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RicARDo news

Ricardo is one of a trio of leading UK-
based and owned defence sector players, 
led by Coventry-based Morgan Advanced 
Materials – Composites & Defence 
Systems, to have clinched a prestigious 
contract to support and develop the 
Cougar family of protected patrol vehicles 
for the UK Ministry of Defence. 

The Cougar Post-Design Service 
programme, which covers the Mastiff, 
Ridgback and Wolfhound vehicles fleets, 
is set to be worth up to £20 million 
over the first two years and could be 
extended for as long as seven years in 
total. The contract will cover a fleet of 
more than 600 vehicles, comprising in 
excess of 20 variants.

“As we bring our battle winning vehicles 
back from Afghanistan our focus turns 
to how best we benefit from these 
life-saving assets in decades to come,” 
explained Defence Minister Philip Dunne. 

“Our Cougar, Mastiff, Ridgback and 
Wolfhound fleet, comprising of over 600 
vehicles, have proven themselves time and 
again on operations and will now support 
a more efficient Army. This investment will 
not only ensure our vehicles are adapted 
to their new roles, but will sustain the 
livelihoods of highly-skilled employees at 
three British based companies.”

The partnership won the bid against 
strong competition by best meeting 
the key criteria specified by the Ministry 
of Defence such as quality, software, 
safety, environmental impact and 
vehicle integration, as well as the ability 
to provide a truly sustainable support 
solution.

The programme, which will be co-
ordinated from Morgan’s specialist 
Coventry facility and also includes the 
international defence and aerospace 
company Ultra Electronics – will see 
the three companies deliver an annual 
service contract, with a team of experts 
on hand around the clock to provide 
technical and project management 
services to manage and support the in-
service Cougar family vehicle fleet. 

Of particular importance will be the 

optimization of safety on the platforms, 
in addition to configuration management, 
legal compliance and standardization 
of the platforms by rationalising the 
component supply chain. 

 “We are pleased to be working with 
Morgan and Ultra on this exciting and 
important programme,” stated Ricardo 
UK managing director Martin Fausset. 
“Ricardo has extensive expertise in the 
design, development, refurbishment 
and upgrade of military vehicles, and 
is able to draw upon the very latest 
skills, technologies and innovations 
from its work in the global automotive 
engineering and motorsports sectors.  
We look forward to providing the benefit 
of our experience to this highly effective, 
all-British partnership.”

The Cougar Post-
Design Service 
programme covers 
the Mastiff, Ridgback 
and Wolfhound 
vehicles fleets such 
as the Mastiff 3 Pro-
tected Patrol Vehicle 
(pictured in Helmand, 
Afghanistan)

uK partnership secures major 
ministry of Defence contract

Latest developments from around the global Ricardo organization

Ricardo News
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Ricardo’s HyBoost  
advanced gasoline  
fuel saving technology 
featured on “Jay  
leno’s Garage”

the leading American television host and comedian, Jay 
leno, test drove a Ricardo Hyboost demonstrator vehicle in 
a 15 minute webcast on his automotive-focused website 
and youtube channel, ‘Jay leno’s Garage’.

leno was impressed with Hyboost’s combination of 
low-cost technologies to deliver improved performance 
and fuel economy. ‘it’s cheaper, it gets better mileage, i 
don’t see any downside to it’ was his comment, having 
compared the baseline vehicle to the HyBoost upgraded 
version on the test drive by turning the system on and off. 

the demonstrator incorporates Ricardo’s mild hybrid 
‘intelligent electrification’ concept comprising smart 
regeneration, optimized torque assist, and extreme engine 
downsizing with electric supercharging and intelligent 
stop/start. these technologies have been incorporated 
into a Ford Focus, resulting in improved fuel economy 
(of approaching 50 percent in tests) and improved 
performance at minimal cost. ‘this feels like a two- or 
three-litre engine to me’, was leno’s verdict from the 
driver’s seat on the downsized powertrain’s performance.

the HyBoost demonstrator vehicle visited Jay leno’s 
garage in Burbank, california in February 2014 to film 
the segment. the vehicle was accompanied by thomas 
Apostolos, president of Ricardo’s uS subsidiary, and 
Paul Rivera, global product group director for hybrid 
and electric vehicles, who both provided insights into 
Ricardo and the engineering that went into the vehicle’s 
development. 

“we are excited that Jay leno selected the HyBoost to 
feature on his show. the HyBoost is just one example of 
Ricardo’s engineering expertise,” said tom Apostolos. “we 
have the deepest respect for Jay leno, and it is an honour 
to include a Ricardo story amongst the others from his 
garage.”

the project was led by Ricardo plc in partnership with 
controlled Power technologies, the european Advanced 
lead Acid Battery consortium, Ford motor company, 
imperial college london, and Valeo, with co-funding from 
the uK government-backed technology Strategy Board. 

the “Jay leno’s Garage” segment featuring the HyBoost 
can be seen at tiny.cc/zpfwhx.

Ricardo has signed a Memorandum 
of Understanding (MoU) with 
Italy’s EXNOVO, one of the leading 
vehicle design houses, to create a 
comprehensive whole vehicle capability 
in the motorcycle and scooter sector 
– from concept design right through to 
production implementation. 

“This agreement is excellent news for 
our motorcycle customers in all parts 
of the world,” believes Ricardo’s head of 
motorcycle engineering Paul Etheridge. 
“Ricardo is acknowledged as a world 
leader in the provision of engineering 
expertise to this sector. By combining 
this with EXNOVO’s creative flair as one 
of the world’s most admired vehicle, 
aesthetic and industrial design houses, 
we can provide a truly unparalleled 
and comprehensive high quality 
motorcycle and scooter capability, from 

component engineering to full, turn-key 
whole vehicle concept to production 
programmes.”

The partnership is a natural 
development: Ricardo engineers 
have frequently found themselves 
working alongside EXNOVO’s industrial 
designers, who have been providing 
chassis engineering and design for the 
same customer.

And following the signing of of the 
MoU in April, Ricardo is now able to offer 
an exclusive, combined service. 

For new customers, the synergies 
available from the collaboration will be 
particularly attractive, while existing 
customers will enjoy the efficiency 
savings that it will bring, by sourcing the 
entire vehicle engineering programme 
from a single partner. 

“We are excited to be collaborating 
more formally with Ricardo, after 
almost six years of continuous and 
successful co-operation on projects”, 
says EXNOVO’s CEO Massimo Lotti. “We 
are sure that the highly complementary 
strengths of the two companies make a 
powerful and compelling offering for the 
international motorcycle and scooter 
industry.”

italian design house boosts 
Ricardo’s two-wheeled offer 

Simon Edwards, Ricardo’s global 
director of technology, has been 
appointed to chair EARPA, the 
influential association of automotive 
R&D organisations across Europe 

Founded in 2002, EARPA – the 
European Automotive Research 
Partners Association – brings together 
over forty of the most prominent R&D 
providers in the European automotive 
sector. Ricardo is one of its founding 
members, and is very active in the 
European research area – for example, 
in the CORE research project on truck 
engine fuel economy. 

Simon Edwards is a specialist in 
engine development, with a particular 
interest in commercial vehicles. He 
re-joined Ricardo in 2012 as global 
director of technology, after an earlier 
thirteen-year spell with the company 
that culminated in a stint as a chief 

engineer at Ricardo Germany. 
Neville Jackson, chief technology 

and innovation officer at Ricardo, 
said: “Simon’s appointment as chair 
of EARPA is a tribute to the breadth 
and depth of his own experience in 
automotive R&D, and also constitutes 
recognition of Ricardo’s strong 
commitment to commercially focused 
research and development – in Europe 
and beyond.”

Ricardo director to chair key 
European R&D association
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An interactive online purchasing platform 
for the growing range of Ricardo Knowledge 
training courses has been launched, that 
enables clients to interact directly with 
Ricardo’s technical Assistance service via a 
comprehensive customer web interface. 

the e-Store, at http://estore.ricardo.com, 
provides clients with an easy-to-use online 
trading environment through which they 
can access training courses, online library 
and information databases, and technical 
assistance services provided by Ricardo 
Knowledge. the store is screen-responsive, 
and can be accessed on tablets and 

smartphones as well as laptop and desktop 
computers.

‘with a rapidly growing number of 
popular training courses now being offered 
year-round at both Ricardo facilities and 
client premises, it will now be far easier for 
clients to browse the courses on offer and 
book places directly”, explained Glen Hall, 
manager, Ricardo Knowledge. 

two new Ricardo Knowledge products, 
which have been launched on the new 
e-Store, are an online version of the basic 
internal combustion engines training course 
and an upgrade to Ricardo’s comprehensive 

global online library database, Powerlink. 
these new products follow the recent launch 
of the latest version of the Ricardo global 
emissions database, emleG. 

New Ricardo Knowledge ‘e-Store’ launched

Ricardo to manufacture components for Airbus A320
An order from UTC Aerospace Systems will see Ricardo 
manufacturing complex components used within the flap 
actuation system for the Airbus A320 family of aircraft.

The contract with UTC Aerospace – one of the world’s 
largest suppliers of technologically advanced aerospace 
and defence products – will involve Ricardo deploying its 
advanced manufacturing capabilities to supply complex 
geared, splined and prismatic machined components to 
drawings of A320 parts supplied by UTC Aerospace. 

As with most Ricardo high performance product 
manufacturing projects, these components require 
rigorous process adherence and the achievement of fine 
manufacturing tolerances.

 “Our engineers have been working closely with UTC 
Aerospace to define the manufacturing approach and 
process controls for these complex items” said Ricardo 
managing director of performance products, Mark Barge. 

“This contract is one of the first aerospace projects that 
we have been permitted to announce, and bears testament 
to our ability to address some of the most complex 
manufacturing challenges for our customers.”

Jiangling Motor Holding Co. Ltd (JMH) – the company that 
produces vehicles under the Landwind brand within China – is 
working with Ricardo on vehicle and transmission development 
to support the launch of the new Landwind X5 8AT SUV product.

President of JMH Lu Shuifang said: “Co-operating with 
internationally renowned consulting company Ricardo will be 
extremely beneficial to us in further enhancing the performance 
and brand position of the Landwind SUV in the fiercely 
competitive Chinese SUV market.”

Under the contract placed by JMH, based in China’s Jiangxi 
Province, Ricardo is providing advanced engineering support 
for the integration of an 8-speed automatic transmission 
into the Landwind X5 vehicle, with the aim of providing new 
and internationally competitive levels of performance and 
functionality. 

The transmission selected for this purpose is the advanced 

8AT product of Chinese tier one manufacturer Shengrui, which 
was previously developed as a result of a separate engineering 
partnership between Shengrui and Ricardo. In addition 
to supporting the functional aspects of the transmission 
integration, Ricardo will also deploy its highly specialized skills in 
the area of NVH refinement. 

“With leading Chinese automakers such as JMH wishing to 
develop vehicles with ever increasing levels of performance 
and refinement, Ricardo is able to assist by providing a 
comprehensive range of vehicle integration and engineering 
capability,” commented Ricardo Asia president Gary Tan. “In 
partnering with our customers in China, Ricardo is uniquely able 
to provide class-leading engineering services and technology 
based from our local facilities, as well as drawing on the 
extensive technological capability and resources available to us 
throughout the global Ricardo organization.” 

China’s JMH collaborates with Ricardo 
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Delivering Excellence Through Innovation & Technology

RICARDO TRAINING 2014

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

estore.ricardo.com

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

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

Internal Combustion Engines – Basic
Dates: 8 Jul, 9 Sep, 14 Oct, 18 Nov
Location: Ricardo Shoreham Technical Centre 
Price: £650 per person

Internal Combustion Engines – Advanced
Dates: 9-10 Jul, 10-11 Sep, 19-20 Nov
Location: Ricardo Shoreham Technical Centre 
Price: £750 per person per day

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

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

Automotive Transmissions – Basic
Dates: 9 Oct
Location: Ricardo Midlands Technical Centre
Price: £650 per person

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

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

New for 2014: eLearning
Email to register your interest in the online 
Internal Combustion Engine Basics coursecourse

Book your courses online at our new eStore.



www.torqstor.com

Delivering Excellence Through Innovation & Technology

Up to 10% potential fuel saving demonstrated in operational trials.
Applicable to wheeled loaders and other o� -highway equipment. 

IMPROVING 
FUEL ECONOMY 
BY UP TO 10% 

For more information on our TORQSTOR � ywheel developments: 

TORQSTOR
Ricardo Flywheel Energy Recovery System




