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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 ®.

FEATURES
Analysing air quality .......11
Anthony Smith explains how the new 
RapidAir® software from Ricardo provides 
a much-needed diagnostics and decision-
support capability to help tackle the challenge 
of improving urban air quality

Emissions  
measurement ..................14
Ricardo’s unique approach to emissions 
measurement includes both laboratory 
and RDE vehicle testing, and roadside 
measurements taken in pollution hotspots. 
Tony Lewin speaks to two Ricardo experts

Industrial  
Engineering .......................20
Manufacturing industry commentator 
Will Stirling describes how the Ricardo 
Performance Products team is now using 
its advanced manufacturing expertise in 
a new industrial engineering consultancy 
service 

nEWS
Industry news ..................04
Electric cars for the many, and the few; climate 
warnings intensify; air-taxi proposals; hydrogen 
and battery power come to commercial 
vehicles sector; Volvo’s autonomous concept 
targets domestic air travel

RQ viewpoint  ....................07 
Marc Wiseman
President, Ricardo Strategic Consulting  
USA, on mobility as a service – why it 
matters, and how Ricardo can help
 

Ricardo news ....................24
Race transmission deliveries; motorcycle 
conference programme announced; 
Northumbria Uni invests in Ricardo engines; 
waste service tool kit published; Cox unveils 
outboard; Ricardo Rail project success – and 
we win the 2018 Rail Challenge

Q & A
John Beasley, APC .........08
The Advanced Propulsion Centre is a £1 billion 
joint venture between the UK government and 
industry. Ian Adcock speaks to John Beasley, 
director of technology and projects, about the 
organization’s roadmap for the automotive 
business, and how the revolution will unfold

11

08



Just as volume carmakers are tooling up for the reality of an electrified 
future, elite manufacturers are embracing electric and hybrid power as 
a way of further boosting performance and providing environmental 
respectability. 

Aston Martin has already announced that its Lagonda marque will 
be a purely electric super-luxury brand, while its own models will also 
include the electric Rapide E; McLaren promises that it will launch 18 
new models by 2025, by which time its entire line-up will be hybrid. 
Legendary coachbuilder Pininfarina is reinventing itself as a provider of 
zero-emissions luxury vehicles, and all-electric Chinese start-ups include 
nio, Byton and FAW’s Hongqi brand, which has hired Rolls-Royce’s chief 
designer Giles Taylor to lead its Advanced Design Centre in Munich. 

InDUSTRY news
The latest in technology, innovation and sustainability across world industries

Electrics for the select few

Under the banner of ‘electric for everyone’, 
Volkswagen has launched an electrification 
strategy that will see some 27 electrified 
vehicles in series production within three 
years, and over 50 by 2025. In common with 
other major automakers, VW, the one of the 
world’s top three manufacturers, expects 
that by 2025 a quarter of the vehicles it 
produces will be plug-in models.

The high production volumes expected 
for the VW Group’s new MEB (modular 
electric toolkit) platform will enable it to 
realize what are described as “hitherto 
unachievable price-service ratios” 
for its electric products, turning them 
from niche products into best sellers. 
New-generation batteries promise much 
better driving ranges, with an 80 percent 

recharge taking under 30 minutes.
“The MEB is one of the most important 

projects in the history of Volkswagen — a 
technological milestone, similar to the 
transition from the Beetle to the Golf,” said VW 
board member for e-mobility Thomas Ulbrich.

The first pure electric Volkswagen, the 
I.D., will debut in 2019 and is expected to 
be priced at a similar level to a diesel Golf. 
The MEB will not be the only dedicated 
electric platform in the VW Group, however: 
a modular longitudinal platform underpins 
the Audi e-tron, also launching in 2019; 
the e-tron GT concept sports car (to be 
unveiled at the LA show in November) uses 
a different platform co-developed with 
Porsche; and a premium platform will cover 
all medium to large vehicles in the Group, 

including Bentleys.
Mercedes-Benz’s EQC crossover 

(above) will appear next year too, with a 
450 km range and all-wheel drive, while 
BMW’s contender in this category – not 
due until 2021, but featuring Level 3 
autonomy – is previewed in concept form 
at the Paris show. The more conventional 
all-electric iX3 will arrive in 2020, a year 
after the electric Mini.

The Mercedes EQC, Audi e-tron 
Sportback and the BMW iX3 may house 
the industry’s most advanced powertrains 
but they tread cautiously as far as exterior 
styling is concerned – in sharp contrast to 
the racy Jaguar I-PACE, on sale since this 
summer as the first mainstream premium 
electric SUV.

Daimler CEO Dieter 
Zetsche presents 
the all-electric EQC 
crossover. Audi and, 
soon, BMW, have 
close competitors and 
Jaguar is already in the 
market with its I-PACE

Electrics for 
everyone
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Highlighting the latest thinking in automotive 
engineering and technology worldwide 

news In BRIEF

Against the background of the heatwave 
that swept the northern hemisphere 
in summer 2018, fossil fuel companies 
and normally cautious governments are 
beginning to heed the growing number 
of scientific reports predicting serious 
consequences if decisive action is not soon 
taken to mitigate climate change.

The reports are given added poignancy 
by the appearance of exceptional numbers 
of tropical storms in Asia and the north 
Atlantic. With temperatures reaching 
more than 51 Celsius in north Africa and a 
remarkable 32 Celsius well inside the Arctic 
Circle, there is growing alarm that the tipping 
point towards runaway climate change 
could be dangerously close.

The Stockholm Resilience Centre has 
identified ten climate change processes 
and new feedback loops: these, says the 
Centre, can interact and amplify each other 
to trigger warming that is much faster than 
that predicted by current models. 

“These tipping elements can potentially 

act like a row of dominoes,” said Johan 
Rockström, executive director of the 
Stockholm Resilience Centre and co-author 
of the report. “Once one [domino] is pushed 
over, it pushes the earth towards another.” 

The European Geosciences Union 
warns that unless decisive action is in 
place by 2035 the point of no return will 
have been passed; the deadline to limit 
warming to 1.5 degrees has already 
been missed, say the Union’s scientists 
from the universities of Oxford and 
Utrecht. Nature Geoscience, meanwhile, 
reports that global warming is twice as 
fast as predicted by climate models and 
that escalating temperatures will take 
centuries to stabilize, even if emissions 
were halted today.

Sea-level rise is another major concern, 
with Oregon University scientists reporting 
that Washington State is set to be 
confronted with a rise of between 45 cm 
and 210 cm by 2100, depending on the GHG 
emissions cuts in place.

Most valuable auto brands
Mercedes has returned to its position as the world’s most 
valuable automotive brand, just displacing last year’s leader, 
Toyota. The valuations, from US organization Brand Finance, 
place BMW closely behind in third position, followed at some 
distance by VW, Honda, Nissan, Porsche, Ford and Audi. 
Upstart Tesla sprang from 30th to 19th.

Those green satanic mills
Heavy industry is beginning to move towards renewable 
energy sources, according to a report in the Financial Times. 
Aluminium smelters such as Norsk Hydro are commissioning 
dedicated wind farms to power their plants in Sweden and 
Norway, and in Morocco wind will help three cement kilns 
run with fewer emissions; in Sweden a pilot plant will use 
renewable energy to produce iron ore pellets without recourse 
to fossil fuels. The industrial sector accounts for around one-
fifth of global CO2 emissions.

European market boom
Europeans bought more new cars in August this year 
than in any corresponding month for the last 20 years. 
Figures from JATO dynamics show a growth of 30 percent 
year on year, but commentators have been quick to point 
out that this is not a genuine boom but a one-off surge 
prompted by manufacturers clearing out stocks prior to 
the introduction of the WLTP-tested models mandated 
from September this year.

Cities pass peak emissions
Some evidence that climate change mitigation measures 
could be working, at least in urban settings, comes from 
the C40 group of leading cities. C40 reports that 27 of its 
cities have passed their points of peak emissions and are at 
least 10 percent down on those high points. However, the 
study’s conclusions are not drawn from direct air quality 
measurements but from metrics such as energy used, fuel 
purchased, and public transport utilization. 

Toyota’s hybrid milestone
Toyota, long the global leader in hybrid vehicle sales, has 
now sold 2 million hybrids in Europe, as well as more than 
12 million worldwide. At the same time the company, one of 
the world’s top three automakers, has reversed its surprise 
2006 decision to drop the famous Corolla nameplate in 
Europe: from next year, all Toyota’s Golf-class models will 
sport the Corolla badge, one of the biggest selling names in 
automotive history.

Camping with power
After electric cars, e-bikes, and battery-powered trucks and 
vans comes the electric caravan. German recreational vehicle 
maker Dethleffs recently showed its e-Home Coco concept 
for a caravan that incorporates an 80 kW traction battery as 
well as 40 kW motors in both its wheels. This combination 
lightens the load on the towing vehicle, as well as providing 
stationary power and air conditioning when parked up.

Climate warnings intensify

Vertical mobility approaches take-off
Aston Martin used this year’s 
Farnborough Air Show to propose 
its Volante Vision concept for a 
three-seater vertical take-off (VToL) 
aircraft, citing Cranfield University and 
Rolls-Royce plc as project partners. 
Rolls-Royce, for its part, put forward 
an ambitious plan for a four- or five-
seater EVToL design, featuring a hybrid 
powertrain with a gas turbine engine 
generating current for six electric fans 
on wings that rotate through 90 degrees 
for vertical or horizontal 
flight. The EVToL’s key 

claims are impressive, with a range of 
800 km and an airspeed of 400 km/h.

Audi’s collaborative work with Airbus 
and design house Giugiaro (pictured)  is 
no less ambitious. The Pop.Up next has a 
lightweight titanium-framed two-seater 
pod which attaches to a ground module, 
electrically powered and with a range of 
130 km on its 15kWh battery. But if the 
traffic is too dense a drone-like air module 
comes to the rescue, clipping on to the 
roof of the cabin pod and flying for up to 

50 km on its eight 20 kW 
motors and 70 kWh 

battery pack. Computed 
airspeed is up to 120 km/h.

The Pop.Up next air-taxi concept 
is now in its second iteration and is 
planned to begin test operation in 
Audi’s home city of Ingolstadt in a 
project supported by the EU’s Smart 
Cities and Communities programme.
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Two different driveline types are squaring up to each other 
in a bid to capture the upcoming market for eco-friendly 
heavy goods vehicles. Until last year, Daimler and Tesla had 
ensured battery power was the favourite candidate, but now, 
with announcements from Toyota and, most recently at the 
Hannover Truck Show, Hyundai, hydrogen fuel cell power has 
become a convincing contender.

Hyundai, which built the first commercially-available fuel cell 
powered passenger car, appears to have leapfrogged its truck 
rivals too, with the announcement of the world’s first hydrogen 
truck for open sale. Its joint venture with Swiss utility H2 Energy 
commits to the production and sale of 1000 fuel cell trucks over 

a five-year period starting in 2019. 
The truck itself employs twin parallel fuel cells rated at 

190 kW total, with the eight onboard tanks holding 33 kg of 
hydrogen for a claimed range of 400 km. Refuelling time is 
expected to be seven minutes – likely to be seen as a major 
advantage over battery-powered trucks.

Toyota North America’s hydrogen truck project, in which 
Ricardo is involved, recently announced an improved Beta 
version, maintaining the 36-tonne GVW but boosting range to 
500 km. Toyota has significant experience with fuel cell vehicles, 
including the Mirai sedan, and will be providing hydrogen buses, 
trucks and cars for the 2020 Olympics in Japan.

Hydrogen’s 
heavy-duty 
battle

Last mile: leave it to the robots
Vehicles carrying out ‘last mile’ deliveries are estimated to make up 
some 30 percent of city traffic, meaning that automated solutions 
would be both commercially attractive and environmentally 
beneficial. Two contrasting visions for such schemes were on offer 

at September’s Hannover 
Truck Show.

From Renault 
comes the EZ-PRO 
proposal, aimed 

at the smaller 
deliveries which 

have skyrocketed 
thanks to e-commerce. 
A larger command 
vehicle, manned by 
a concierge, leads a 

platoon of robotized delivery pods, each of which is equipped with 
a customizable module to suit the kinds of goods being delivered. 
Self-service lockers, unlocked using a smartphone app, allow the end 
customers secure access to their purchases. The concierge is on 
hand to deal with premium and high-value deliveries.

The Mercedes-Benz Vision Urbanetic concept proposes a fleet 
of larger self-driving electric chassis, each of which can house a 
switchable superstructure. Some 5 m in length, the vehicles can 
accommodate up to 12 people when operated as a ride-sharing 
service, while the cargo version offers a load length of almost 4 m and 
is able to accommodate up to 10 EPAL standard palettes.

Mercedes-Benz parent company Daimler believes the Urbanetic 
system could help address the current shortage of delivery drivers in 
Germany, and the machines could operate around the clock, 365 days 
a year either roaming freely on public roads or working within factories 
or closed areas such as airports.

Battery of new vans 
Battery-electric commercial vehicles are already a reality: Daimler has launched its 
Mercedes-Benz eCitaro zero-emission bus, as well as several smaller trucks, and 
in the van segment many of the major players already have battery models in play 
– most notably Renault, with its Master and Kangoo. now Ford is claiming a first in 
the van market with its Transit PHEV, offering a 50 km zero-emission range and a 
further 450 km on its 1-litre gasoline engine. 

Volkswagen used the Hannover Truck Show to present a wide variety of 
zero-emission vans, including the hydrogen-powered Crafter HyMotion, electric 
versions of the Transporter and Caddy, and even an electrified delivery bike. But 
what grabbed the most headlines was the I.D. Buzz Cargo (pictured) – an attractive 
van version the earlier I. D. Buzz microbus concept, complete with solar roof,  
500 km range and 230 volt sockets for power tools.
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VIEWpoint

What is the key driver for change in 
personal transportation? Ask most 
automotive industry observers and 
they are likely to say it is electrification, 
reflecting the fast-paced introduction 
of battery electric and other plug-in 
vehicles to replace exclusively fossil-
fuelled cars. But what of the next two 
drivers? Most commentators will 
identify the growing opportunities 
offered by connected and automated 
technologies, reflecting the widespread 
introduction of advanced driver 
assistance systems in today’s products.

For my part I would argue we 
should add a further overlaying driver 
which, if anything, may have a greater 
impact in changing and improving the 
convenience, cost and eco balance 
of the way we travel. With the advent 
of personal ride-hailing services 
there is, in effect, already a gathering 
revolution in the way that vehicles are 
owned and used. With the commercial 
development of ‘Mobility as a Service’ 
(MaaS) innovations, there is a real 
opportunity to improve the currently 
very low levels of asset utilization of 
passenger cars, replacing vehicle 
ownership and perhaps conventional 
public transport too for many 
consumers now and in the future.

Ride-hailing services are achieving 
over 50 million rides per day globally 
and are already bringing new business 
models and companies to the market. 
Even the mix of vehicle types for 
personal mobility is changing, with 
electric mopeds, bicycles and personal 
scooters being deployed as free-floating 
rentals. These smaller personal vehicles 
offer companies opportunities to quickly 
scale operations thanks to their low 
asset cost, and the low cost to users is 
making these a popular means of short 
hop transit. 

Where it really becomes interesting 
is when autonomous technology is 
deployed to provide robotic taxis. Our 
internal analysis suggests that the cost 
per mile of robotic taxis will be around 
half that of personal car ownership, 
even if the autonomous technology is 
significantly more expensive than the 
traditional. As people start to share taxi 
rides, for example to commute with 
colleagues to work, the cost per mile 

becomes less than 17 percent of the 
cost of personal cars. This could quickly 
approach the tipping point away from 
personal car ownership in city zones that 
can be well served by robotic vehicles, 
with traditional ride-hailing and vehicle 
rentals servicing travel outside city zones. 
While this seems futuristic, I believe this 
revolution is well on its way with the rapid 
growth in MaaS services using available 
vehicle technology today. The introduction 
of robotic taxis just accelerates the pace 
of change.

My team at Ricardo Strategic Consulting 
(RSC) is engaged in this transportation 
revolution, focusing on the strategic 
issues affecting mobility, including 
technology deployment planning, total 
cost of ownership analysis, and business 
and market strategy. We are assisting 
many customers with some of the most 
difficult challenges they face, and helping 
them to develop strong and resilient 
commercial exploitation plans. Software 
and service innovations are increasingly the 
defining driver of value for transportation, 
presenting a highly disruptive competitive 
ecosystem for new entrants and existing 
players alike, but one that is also extremely 
rich in opportunity. While the potential for 
some MaaS innovations is still a few years 
away, we’re assisting customers with the 
immediate actions they should or could 
take now to position themselves as the 
MaaS revolution gathers steam. 

The MaaS expertise that we can provide 
within this new strategy will help the most 
ambitious of automakers, new market 
entrants, government agencies, as well as 
new sector-defining service innovators. 
Whatever the transportation innovation 
challenges of the future, RSC stands ready 
to provide its exceptional blend of deep 
technical knowledge and commercial and 
market insight.

Mobility as a Service – why it matters, 
and how Ricardo can help 
Marc Wiseman – president, Ricardo Strategic Consulting USA 

I believe this revolution 
is well on its way with 
the rapid growth in 
MaaS services using 
available vehicle 
technology today

Ghost rider

Autonomous vehicles are generally expected to help reduce 
pollution and congestion and to improve health and lifestyle. 
Now Volvo goes one further, suggesting that among the benefits 
that could be unlocked by a driverless car such as its 360c 
concept (above) are reduced pressure on real-estate prices and 
homes that are more affordable.

In short, the 360c could enable people to live further away from 
their offices, allowing them to relax or work productively during 
their regular commute – and the provision of an airline-like first-
class sleeping cabin could also make the vehicle a quicker and 
more comfortable alternative to short-haul air travel. 

“Domestic air travel sounds great when you buy your ticket, 
but it really isn’t,” says Mårten Levenstam, senior vice president 
of corporate strategy at Volvo Cars. “The 360c represents 
what could be a whole new take on the industry: the sleeping 
cabin allows you to enjoy premium comfort and peaceful travel 
through the night and wake up refreshed at your destination. 
It could enable us to compete with the world’s leading aircraft 
makers.”

The design, which is deliberately restrained in terms of 
branding, explores different travelling environments and, in 
addition to the sleeping cabin, can also offer a mobile office, a 
living room environment or a space for entertainment.

Given that motorcycles are all about personal mobility and 
riding enjoyment, the idea of an autonomous two-wheeler 
would seem a non-starter. Yet BMW engineers have developed 
just such a machine, capable of starting off, accelerating, 
navigating, dealing with traffic and coming to a stop – all 
without a rider on board.

The objective of the prototype, says BMW, is not that of 
producing a riderless motorcycle: instead, the project aims to 
further boost comfort, safety and enjoyment for human riders 
by gathering dynamic data and improving characteristics 
such as braking and cornering performance and, through V2V 
networking, the earlier detection of hazards at junctions. 

Volvo explores 
autonomous potential
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Can you give me a broad overview of what you do, and how the 
APC is going to achieve its ambitious targets?
The APC’s core challenge and mission is to assist and exploit 
low-carbon technology in the UK. We have a number of initiatives 
underway, but two are of particular interest at the moment: 
the technology and product roadmaps, and secondly, the core 
competitions and projects we run with industry partners. The 
roadmaps are the consensus of industry players and how they see 
future products, vehicles, and the enabling technologies for those 
vehicles going forward to 2035-40. That includes passenger cars, 
buses, off-highway and heavy-duty vehicles: how industry sees 
those products evolving over the next two or three decades.

So who are these key industry players?
There’s a challenge in developing the roadmaps in open forums 
because of commercial sensitivity, so the APC interviewed 
all of the UK’s major OEMs individually and consolidated the 
feedback to form the basis for that consensus. Players will have 
a particular bias depending on their product line-up and its future 
development, but there was an overall agreement on future 
powertrain development.

Bearing in mind that all these major players are now owned by 
European or Japanese oEMs, were those opinions driven by UK 
or global demands, or the diktats of head office?
Don’t forget that 80 per cent of UK-manufactured vehicles are 
exported, so it’s very much a global perspective for the roadmaps 
and not UK-centric. Having said that, there was some divergence 
in the thinking, but there was overall agreement on the direction 
of future technologies and when they would materialize.

With WLTP and RDE now a reality and even more stringent 
emissions and fuel consumption legislation set for 2025 and 
beyond, what is the future for the internal combustion engine?
In principle I think the automotive roadmaps that we refreshed 
last year, and those that were first done in 2012, could see that 
electrification was going to play a larger part, or a dual part, in 
vehicle propulsion systems. The 2017 roadmap showed the pace 
of change is far faster than had been envisaged in 2012; then 
there was a belief that electrification would support internal 
combustion engines as a secondary or back-up power sources, 

but the 2017 road map has clearly identified that electrification 
is moving towards being the primary source and the ICE being 
secondary as a range extender or something of that nature.

Even so, there’s a lot of research being done on carbon-neutral 
fuels, HCCI and other ICE technologies. Are there large parts of the 
world where electrification might never realistically happen?
That’s a very good point - how global markets will level themselves 
out. I think we’ll see some regions and markets that will take a 
lead in the proliferation and adoption of low-carbon technology, 
others like the emerging markets will hold on to the combustion 
engine for much longer. I still think that in time we will transition 
to a much higher level of electrification, partially because it’s not 
simply about CO2 as it was in 2012. Now it’s as much, if not more, 
to do with air quality and other emissions as well; we’re seeing a 
societal change that’s demanding better overall quality of air. It’s 
beginning to dawn on society in general what the impacts are on 
air quality and people are demanding those improvements where 
they live and work.

Bearing in mind that your road maps include off-road and  
trucks and buses, there’s an argument that passenger car 
oEMs are more than pulling their weight in terms of lowering 
emissions, whereas other sectors aren’t. How do your 
roadmaps help redress that balance?
The challenges for those sectors are different; they are actively 
pursuing-low carbon, low-emission solutions and in some ways 
they’re adopting them quicker than passenger cars: that’s 
because in a lot of those markets the financial decision is a 
return on investment rather than a personal credit choice. So, if 
you’re penalized for operating machinery and equipment in low-
emission zones you will, potentially, install better technology on 
that equipment so that you can win contracts to operate in those 
areas. Also, the cost of adopting some of that technology is less 
price sensitive in those sectors.

Another challenge: as tailpipe emissions are reduced,  
then particles from brakes and tyres increase in significance. 
What’s your take?
Yes, there’s a greater interest being taken in those areas but at 
the moment our primary concern is what’s coming out of the 

The Advanced Propulsion Centre (APC) is a £1 billion joint venture 
between the UK government and industry, tasked with saving  
50 million tonnes of CO2 and creating 30,000 jobs in the UK. 
Recently it launched its roadmap for the automotive business, 
and Ian Adcock spoke to John Beasley (left), director of 
technology and projects, to discover how the revolution will unfold

Consensus for change

InTERVIEW
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tailpipe. As we go forward, other contributing elements will be 
considered, such as lightweighting.

As vehicle emissions decline through electrification and  
other solutions, will the pollution created during manufacturing 
gain in significance?
It’s not part of our core focus at the moment, but over the next 
five to 10 years I can see that climbing up our list of priorities. 
However, I think we need to address how energy is generated in 
the first instance and manufacturing will follow.

Can you give a vision of the APC’s contribution to vehicle 
lightweighting development and strategy?
As we move to greater levels of electrification, lightweighting 
is required in two areas. Firstly, as a result of more powerful 
electric motors with higher torque outputs, there’s a need for 
stiffer body structures that don’t add mass to the vehicle and, 
secondly, by adding batteries and electric motors there’s an 
increase in weight which lightweighting must compensate 
for. There are now two targets for passenger car weight 
reduction: one for conventional cars and one for electric vehicles 
(EVs). Initially it was not realized that the EVs’ percentage 
weight reduction in the short term would lag behind that of 
a conventional ICE car as the EVs simply adopted heavier 
batteries and motors.

Recycling is gaining more public attention, whether that’s 
plastic bags or cars. What is the APC’s strategy?
We don’t research into that directly, although a number of 
the projects we’re working on are beginning to investigate 
recyclability more seriously.

Where, and how, does APC see autonomy developing?
I think we will see a period of change, with a degree of autonomy 
in controlled environments initially; I agree that autonomy in a 
mixed environment is more of a challenge and that may take 
longer than people imagine. We’re at the start of the journey; 

there are advanced systems in use today but they need to 
be fully developed. It’s difficult to determine who is leading in 
autonomy, but what I would say is that the UK government is 
seed-funding a lot of initiatives to try and put the UK in a strong 
position to develop autonomous vehicles and attract companies 
to do that work in the UK, especially testing and trying to put 
world-leading facilities in place.

How does the interchange with academia work and what 
benefits does it bring to both parties?
There are two elements: the spoke network trying to 
bring communities of common interest together around 
technologies, for example the electrical energy storage spoke, 
the thermal propulsion systems spokes (systems efficiency 
and thermal efficiency), and electric machines and power 
electronics spokes. They’re all based at agnostic academic 
sites, drawing together interested parties, for instance power 
electronics at the University of Nottingham. There is also a 
digital engineering and test spoke, based at Loughborough 
University. More interestingly, in our core projects we have a 
number of academic partners coming into play. Initially we 
didn’t envisage that academia would be playing as much of role 
as it is in the APC and its projects; what’s happened is that the 
consortia have accepted academia and the detailed manner 

xxxxxxxx

“The roadmaps are the consensus of 
industry players and how they see future 
products, vehicles, and the enabling 
technologies for those vehicles going 
forward to 2035-40”

2035

60%

2025

55%47%

53%48%42%

2035 targets2025 targetCurrent status

20202015 2030 ...

THERMAL EFFICIENCY

DRIVERS

TARGETS*

SYSTEM EFFICIENCY

DESIGN AND
MANUFACTURING

Light duty orientated

Light duty brake thermal efficiency (%)

Heavy duty brake thermal efficiency (%)

Heavy duty orientated

Fuelling

Engine systems and control

Enabling drivetrain systems

Tailpipe CO2 and air quality emission limits

1 Chevron = some uncertainty around timing of mass market adoption or phase out  2 Chevrons = considerable uncertainty around timing of mass market adoption or phase out*Values reflect midpoint peak efficiency between diesel and gasoline efficiency (current difference -5%)

Trend towards very low CO2 and air quality emissions limits, zero emissions zones, LCA

Coatings, thermal management and combustion systems design for low heat loss

Flexible CR and valve control enabling deact & deep Miller/Atkinson cycles

Efficient, clean combustion eg. lean burn, HCCI, water injection

Hybrid-focussed power units eg. camless engine, fuel cell

Reduced heat loss eg. coatings, thermal management, combustion phasing

Lower temperature combustion eg. HCCI, PPCI, extreme lean burn NG

High eff, power units with integrated WHR, eg. split cycle, high temp, fuel cell

Exhaust heat recovery (eg. turbocompounding, Organic Rankline Cycle) Integrated heat recovery from multiple heat sources

Wide spectrum after-treatment eg. pre-turbine, low temp, elec, assisted, alt fuel suited On-board reforming, CO2 capture

Hybrid systems for effective recovery eg. 48v, KERS Co-developed engine and hybrid system

Manual transmissions replaced by 10+ speed auto, shift mgmt and e-clutch Co-developed HD-focussed engine and auto, no torque convertor

Advanced powertrain control Predictive control via V2X Aggressive ZE geo-fencing Fully auto powertrain control, AI

Engine optimised for available fuels ie. diesel, gasoline, natural gas Engine accepting to a wide range of fuels eg. synfuels, H2, advanced fossil

Multi-boost devices for v. wide map Controlled air supply supporting high efficiency combustion eg. e-boost and multi device

Flexible fuel systems eg. rate shaping, multiple injection, nozzle geometry

Advanced lubrication and lightweigthing via design/manuf. and AI, Mg, Ti

Electrified light duty ancillaries (48v), reduced parasitic loads

Design for low life cycle impact ie. incl. embedded impactsDesign for disassembly and recycling

Next gen, manufacturing incl. additive layer, metal injection, moulding, metal foams

Technology Road Map 2017: Thermal Propulsion Systems

Source: Automotive Council UK and Advanced Propulsion Centre UK
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in which they understand the science and theories involved. 
Very often they have access to facilities that can focus on very 
narrow aspects that need a deeper level of knowledge, which 
aids the OEMs; conversely, the industry can educate academia 
into what its future technological needs will be. It’s a win-win 
situation for both sides. That has been very powerful and has 
benefited a number of projects, for instance Ford’s Advanced 
Combustion Turbocharged Integrated Variable-valvetrain 
Engine (ACTIVE) project, a £26m APC collaboration led by Ford, 
to advance next-generation low-carbon technologies.

The UK is a hothouse of new ideas, but has a poor record of 
exploiting them. How can the APC reverse that trend?
APC projects, which can typically be between £5m and £40m, 
are an attempt by government to encourage companies to 
take those additional risks, with up to 50 per cent of the cost 
provided, encouraging overseas players to invest in the UK. 
Typically, we would work on technology readiness level six 
onwards to get an innovation to a manufacturing solution. 
Currently we have supported nearly 40 different projects, for 
instance the Ford ACTIVE development, or putting Nissan’s high 
energy-density 40 KWh batteries into its Sunderland facility.

But doesn’t that only work if the UK’s supply chain can be grown?
APC projects try to encourage that sector. If you had a project with 
a route to an OEM we would be looking for key members of the 
supply chain to be in that consortium, in conjunction with the OEM, 
so that when it reaches production you have the underpinnings 
of the supply chain already in place. It’s showing signs of success, 
with a number of projects reaching fruition in the near future that 
will have partners covering key sectors of the supply chain. There 
is a degree of uncertainty over Brexit, but once we know what 
the final agreement is, industry will adapt to cope and we’re very 
encouraged by the continuing investment into the UK by the likes 
of Volkswagen and BMW; there are a number of projects we’re 
starting now that are looking at further investment into the UK 
over the next five to 10 years.  

John Beasley, director of technology and projects,  
Advanced Propulsion Centre 
An industry veteran with over 30 years’ experience in the motor 
industry working for multinational suppliers and on government and 
industry programmes, Jon has held various leadership roles within 
GKN including Group Technology Officer. He has also had roles with 
Aston Martin, Daewoo, Ford Europe, Honda, JLR, Mazda and Volvo. 
More recently, he was the programme director for the Transport 
Systems Catapult during the critical start-up phase.

2035

1000 Wh/l

12 kW/kg

2025

550 Wh/l

7.5kW/kg

280 Wh/l

3 kW/kg

100 $/kWh150 $/kWh280 $/kWh

2035 targets2025 targetCurrent status

20202015 2030 ...

EVOLUTIONARY TECHNOLOGY

CELLS

DRIVERS

TARGETS*

RECYCLING AND
LIFE CYCLE MANAGEMENT

MODULES, PACKS AND
BATTERY MANAGEMENT
SYSTEMS

Cost ($/kWh)

Energy Density (Wh/i)

Power Density (kW/kg)

Electrolytes, separators,
binders and solvents

Anodes and cathodes

Formats and casings

xEV uptake, CO2 limits, air quality regulation, ULEZs, charging access

1 Chevron = some uncertainty around timing of mass market adoption or phase out  2 Chevrons = considerable uncertainty around timing of mass market adoption or phase out*All targets relate to battery packs

Very low CO2, zero emission zones, LCA, materials security, rapid/opportunity charging infrastructure

Advanced lead battery and NiMh solutions

Separators with reduced thickness and cost, oxidation resistance, heat dissipation Next gen, separators (eg. phase change, auxetic structures)

Smart and connected BMS enabling accurate SOC and SOH monitoring and life prediction Distributed BMS enabling individual cell monitoring

Advanced thermal management strategies (eg. integrated with vehicle cooling) Passive thermal management (eg. phase change materials)

Pack designs that extend 1st life and enable 2nd life Deployment of 2nd life batteries with flexible applicability

Processes for end-of-life recovery of cell material/electrode Industrial scale up of high efficiency recycling processes

Optimised liquid electrolytes for Li-ion (eg. additives and high voltage) Liquid electrolytes for new chemistries (eg. Na-ion, Mg-ion, Li-S)

Optimised Li-ion cathode materials and structures (eg. LFP, NMC, NCA, LMO)

Optimised Li-ion anode materials and structures (eg. Silicon, LTO, hard carbon)

Next gen, anodes (eg. transition metal oxides, metallic anodes and novel additives)

Cathode materials for new chemistries (eg. Na-ion, Mg-ion, Li-S)

Cross-OEM standardisation of cell formats

Room temperature solid state electrolytes with good conductivity

Solvent replacements for NMP (eg. N-Acetyl-P) Aggressive ZE geo-fencingNext gen, binders (eg. hybrid, self-healig) Binderless systems

Advanced pack designs for performance and manf. Aggressive ZE geo-fencingMixed cell packs (high energy and power) New cell-module-pack concepts

Cells that eliminate thermal runawayEmbedded sensors in cells

Technology Road Map 2017: Electrical Energy Storage

Source: Automotive Council UK and Advanced Propulsion Centre UK

“I think we will see a period of change, with a 
degree of autonomy in controlled environments 
initially; I agree that autonomy in a mixed 
environment is more of a challenge and that 
may take longer than people imagine”

10   RQ • Q3 • 2018

Interview



The link between air pollution and 
negative health outcomes for the 
inhabitants of towns and cities around 
the world – including increased mortality 
rates associated with respiratory 
illnesses – is now universally accepted. 
Increasing urbanization, industrial 
processes, and the effects of motor 
transport within the enclosed ‘urban 
canyons’ of densely developed cities, 
leads to local street-level concentrations 
of pollutants including oxides of nitrogen 
(NOx, and NO2 in particular), microfine 
carbonaceous particles, ozone and 
carbon monoxide. 

The negative effect of this poor air 
quality for urban citizens is tangible. In 
the UK in August 2018, for example, the 
government-sponsored Committee 
on the Medical Effects of Air Pollutants 
(COMEAP) published the results of a 

four-year project which estimated that 
between 28,000 and 36,000 premature 
deaths annually could be linked to long-
term exposure to air pollution.

City authorities have a wide range of 
policy levers at their disposal in order to 
help improve urban air quality, particularly 
with regard to the management of traffic 
flows and the mix of vehicle types that 
are permitted in different areas. But to 
be successful in delivering significant air 
quality improvement outcomes, such 
policy initiatives need to be based on 
reliable information about the distribution 
of concentrations of pollution across the 
city, and ideally include an understanding 
of its original source.

Limitations of monitoring 
Roadside air pollution monitoring stations 
are used to great effect across the UK 

and other countries to monitor and 
report on local pollution levels. While the 
information obtained is extremely useful, 
it has its limitations too. Monitoring 
stations report the history of pollution 
but cannot predict when air quality is 
likely to change. Furthermore, they can 
only monitor a single location point, while 
air quality can change substantially over 
comparatively small distances.

“In areas surrounded by tall buildings, 
air pollution can become trapped, 
especially if the wind is blowing in a 
direction perpendicular to the urban 
canyon formed by the street,” explains 
Dr Nicola Masey, consultant for 
environmental evidence and data at 
Ricardo Energy & Environment. “We 
need to build on the air quality monitoring 
systems that are already in place across 
the UK and elsewhere – particularly 

 Getting more from 

AIR QUALITY 
DATA
Improving the quality of the air we breathe in our urban centres has become 
one of the most pressing problems for town and city authorities around the 
world. Anthony Smith explains how the new RapidAir® software from Ricardo 
provides a much-needed diagnostics and decision-support capability to help 
tackle the challenge of improving urban air quality 
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in the larger towns and cities – and 
enhance the temporal and spatial extent 
and resolution information that we 
can provide to both the public and to 
policymakers.”

Introducing Ricardo 
RapidAir® 
In order to address this requirement, 
Ricardo has developed its RapidAir® 
urban air quality diagnostics tool. 
Underpinned by the United States 
Environmental Protection Agency’s 
AERMOD modelling codes, RapidAir® 
includes an emissions model with 
up-to-date, fully validated and peer 
reviewed emission factors, and supports 
modelling of emissions from all of the 
common source sectors – including 
transport, industry, construction, 

demolition and landfill. It facilitates 
fast and efficient city-scale air quality 
modelling and mitigation scenario 
testing for a comprehensive range of 
emission sources and pollutants. With 
spatial resolution down to one metre, 
and run times in minutes, the software 
enables policymakers to test and 
optimize complex air pollution abatement 
strategies with unrivalled power and 

speed. As an operational air pollution tool, 
RapidAir® also provides advanced air 
quality diagnostics and ‘what if’ scenario-
testing capabilities.

Modelled pollutants include nitrogen 
oxides (NOx), NO2, sulfur dioxide (SO2) 
and carbon monoxide (CO) gases, 
as well as PM10 and PM2.5 ultrafine 
particles. In each case, the software can 
provide mass and volume concentration 

RapidAir® software 
provides a powerful 
diagnostics and 
decision support 
capability to help 
tackle the challenge 
of improving urban air 
quality; visualization 
of no2 in London* 
(cover and P11) 
and in 3D (above), 
and as postcode 
averaged data in Fife, 
Scotland* (below, 
left); and average 
concentration of no2 
in building footprints 
(below, right) 

“I am convinced that RapidAir® provides 
a cost-effective, city-scale dispersion 
model which retains the best features and 
functionality of conventional air quality 
modelling tools, but with the benefit of 
fast operation and simplicity” Dr Scott 
Hamilton, Ricardo Energy & Environment

12   RQ • Q3 • 2018
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predictions over domains that range 
from individual streets to city, regional 
and national scales. RapidAir® also 
integrates local emissions, meteorology 
and measurements to ensure a complete 
representation of urban air quality.

In research work carried out by Nicola 
Masey in parallel to the development 
of the RapidAir® software, the use of 
well-known mathematical equations to 
describe street canyon concentrations 
was investigated. These were compared 
with concentrations estimated using 
more traditional empirical approaches 
that incorporated geomorphological 
analysis tools that estimate how densely 
‘built-up’ an area is. For example, sky 
view factor, hill shade and wind effect are 
all used by urban designers to assess 
thermal comfort and solar shading, but 
these metrics are not commonly used in 
air pollution studies.

“Having helped in its development 
and evaluation, I am convinced that 
RapidAir® provides a cost-effective, 
city-scale dispersion model which retains 
the best features and functionality 
of conventional air quality modelling 
tools, but with the benefit of fast 
operation and simplicity,” commented 
Dr Scott Hamilton, technical lead in air 
quality modelling for Ricardo Energy & 
Environment. “The system relies on air 
quality data that is generally already 
available, so it can be used in any city in 
any part of the world – as long as there is 
local measurement data, details of traffic 
flows and compositions and building data 
available for us to use with the model.”

International application 
The international reach of the Ricardo 
team responsible for the development of 
RapidAir® has already proved its value. 
For example, Ricardo recently secured 
a major two-year study commissioned 
by the Asian Development Bank into 
improving air quality in three cities in 
China, a project designed to support the 
billion-dollar investments into improving 
air quality being made by the bank in 
north-eastern China. 

Until recently, cities of the greater 
Beijing-Tianjin-Hebei region of China were 
among the highest polluted conurbations 
in the world. Substantial work is under 
way to deliver improvements in air quality 
in the region, but levels remain well above 
national and international standards. 

Ricardo is working closely with 
environmental protection officials in 
three case study cities to investigate 
air quality improvement measures 
further. The RapidAir® system is being 
deployed in the study to perform a 
detailed cost-benefit analysis and 

health impact assessment of potential 
pollution mitigation measures. This will 
support policy makers to identify the 
optimum policy mix to improve air quality 
and population health, with guidance 
influencing the development of air quality 
management plans to 2030. 

“Environmental protection officers in 
north-east China are at the forefront of 
tackling some of the toughest air pollution 
problems in the world,” commented 
project director Ben Grebot. “The Asian 
Development Bank’s commitment to 
investing in air quality improvements 
enables us to bring our air quality policy 
and modelling expertise to work alongside 
the city bureaux and national experts to 
deliver real air quality benefits.”

Ricardo is working on this important 
project together with in-country experts 
from Tsinghua University and the Chinese 
Academy of Environmental Planning.

Urban air quality is one of the great 
environmental challenges for town and 

city authorities around the world. As we 
report in the lead feature of this issue 
of RQ, Ricardo is making significant 
contributions to the science of vehicle 
emissions measurement – both in 
terms of RDE testing and roadside 
vehicle emissions monitoring – and 
the engineering of new aftertreatment 
solutions to ensure that future vehicles 
are cleaner than ever before. 

The development of RapidAir® thus 
adds a complementary and highly 
valuable additional capability to the 
Ricardo portfolio, enabling the company’s 
air quality specialists to apply new levels 
of analytical rigour to the development of 
local, regional and national policy aimed 
at reducing the pollution concentrations 
to which citizens are subjected, and 
hence improving health outcomes. 

*© OpenStreetMap contributors. The data are available 
under Open Database Licence and the cartography 
in map tiles is licenced as CC BY-SA. - refer to www.
openstreetmap.org/copyright for full licence terms.

Key features of RapidAir®

 » Industry-leading run times for large urban domains
 » Hundreds of millions of receptor locations at metre-scale resolution
 » Treatment of emissions from traffic and stationary sources
 » Up-to-date emissions model for vehicle technology categories
 » Full complement of ambient air pollutants modelled
 » Extensive model validation and calibration suite
 » Works in a geographic information system environment or from a command line
 » Custom modules for meteorology, street canyons, nox:no2 chemistry, secondary particle 

formation, source apportionment, neighbourhood analysis
 » Sophisticated output visualizations including via Google Earth™
 » outputs can be combined with regional models such as CMAQ and WRF-Chem

For more information on Ricardo air quality modelling and forecasting, and RapidAir® software,  
visit: ee.ricardo.com/air-quality/modelling-and-forecasting 
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There can be no mistaking that the 
brand and reputation of diesel as a fuel 
for passenger cars and light commercial 
vehicles has been damaged in recent 
years. Diesel models’ share of the 
European new-car market has slumped 
to a new low of 37 percent in the first half 
of this year – its lowest since 2001 – and 
some city mayors are seeking to restrict 
the use of older diesels at certain times.

The situation is unsettling for 
consumers, especially as the whole 
official regulatory regime has been in 
flux at the same time. There has been 

a rush of new European emissions 
standards, WLTP and RDE are replacing 
the discredited and outdated NEDC 
test cycles, and manufacturers 
are making competing claims and 
counterclaims about the efficacy of the 
many new technologies coming on to 
the market. No wonder the poor buyers 
are confused; even commentators, 
environmental pressure groups, 
automakers and legislators are 
delivering muddled messages.

But now, in a bid to bring some much-
needed scientific clarity, Ricardo is 

publishing findings from a set of ongoing 
studies looking at the issue from where 
it matters most – the actual exhaust 
emissions of the vehicles implicated in 
the air quality problems suffered in urban 
areas right across Europe.

Ricardo Energy & Environment has 
built up a world-leading database 
of almost one-third of a million 
measurements of the exhaust 
emissions of vehicles in everyday traffic 
as they drive past special roadside 
monitoring stations. And in parallel, 
experts at Ricardo’s Shoreham research 

With the European Commission preparing the ground for its post-2025 
environmental standards, the effectiveness of today’s Euro 6 regulations has come 
under close scrutiny. Ricardo’s unique approach, correlating test-cycle data from 
the vehicles themselves with some 320,000 roadside measurements taken in real-
life pollution hotspots, shows a rapidly-improving picture and fresh opportunities to 
boost inner-city air quality. Tony Lewin speaks to two Ricardo experts 

emissions
Keeping

in check

Real-world vehicle 
emissions

14   RQ • Q3 • 2018



centre laboratories have put the 
official test cycles themselves to the 
test – by putting a selection of the very 
latest vehicles through the profusion 
of lab-test routines prescribed by the 
world’s legislators to see how the results 
compare with the figures obtained 
during an 85-kilometre Real Driving 
Emissions route on public roads. 

Air quality under the 
microscope
One effect of the 2015 dieselgate scandal 
is that it has shone a light not just on 
diesel cars and the alleged cheating of 
emissions tests, but also on the issue 
of urban air quality, in particular the part 
played by nitrogen oxides (NOx). Yet, says 
David Carslaw, the Ricardo air quality 
knowledge leader who is spearheading 

the remote sensing work, this narrow 
focus on diesel cars is not necessarily 
helpful and other vehicle types should 
also be looked at before rushing into any 
judgements. “At Ricardo we realize that 
NOx pollution is caused by more than just 
diesel cars – we need a broader view,” 
he urges. “To understand air quality you 
can’t make that connection if you are 
just focusing on one vehicle type. You 

emissions
A brief history of Euro 6
The European Euro 6 diesel vehicle parc is dominated by models 
complying with Euro 6b, which came into force in September 2014. 
Diesels conforming to late EU 5 and EU 6b have dramatically lower 
particulate emissions than their EU 4 and 5 predecessors, thanks to the 
compulsory fitment of DPF systems which almost completely eliminate 
particulate emissions.
Euro 6c came into force this year and marked the introduction of 
the new WLTP test cycle and advisory parallel RDE testing to give 
consumers an idea of vehicle emissions performance on the road as 
well as in the lab. 
Euro 6d-temp, coming into force in September 2019, brings in RDE 
conformity as a legislated part of the WLTP process: under this 
standard, vehicles on the RDE test are allowed a ‘conformity factor’ 
multiple of the WLTP limit values: the multiple will be 2.1 for nox and 1.5 
for particles.
Euro 6d-final will become the definitive standard for all vehicles from 

January 2021, though new type approvals will have to conform  
from 2020. This again calls for both WLTP and RDE tests, but the 
conformity factor will be reduced to 1.5 for most pollutants and will be 
below 1.43 for nox.
Euro 7 is still under discussion and is expected to be implemented 
around 2025. The industry expects the new standard will bring in limit 
values for a much wider range of pollutants, including substances 
such as formaldehyde and ammonia; additionally, the particle size and 
number limits may be tightened still further, perhaps bringing further 
challenges for spark ignition engines. one of the main innovations is 
expected to be the separate regulation of no2, which is the principal 
cause of harmful urban air quality.
Fleet average Co2 has been controlled at 130 g/km since 2012 and is to 
be tightened to 95 g/km from 2021. By 2025 the values for both cars 
and vans will be toughened by 15 percent, and by 2030 they will fall by 
30 percent.
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need that holistic view of emissions to 
understand whether it makes sense to 
think about controlling some vehicles 
ahead of others.”

Though Ricardo’s remote sensing 
work does show the very latest diesel 
cars to be significantly cleaner than 
their predecessors, they are not the sole 
answer. In the light of today’s air quality 
issues there has understandably been a 
lot of focus on these most recent models, 
but, as Carslaw says, “we don’t improve 
air quality by adding new cleaner vehicles 
as such, but by removing vehicles with 
higher emissions. So we need to look 
at the wider fleet to design the most 
effective mitigation options.” 

Broadly comparable conclusions are 
reached by parallel studies carried out by 
a team under Jon Andersson, Ricardo’s 
global technical expert on emissions 
measurements and standards, on 
behalf of Concawe, the oil industry’s 
environmental body. After conducting 

The Ricardo-Concawe study

Test Vehicles & Aftertreatment (all with DPF functionality)

A collaboration between Ricardo and the oil industry environmental 
body Concawe, this study sought to inform the debate on modern diesel 
car emissions performance, as part of a broader study considering 
the comparative impacts of diesel, plug-in hybrid and electric 
vehicles on a well-to-wheels basis. Three diesel vehicles with differing 
aftertreatment solutions and meeting different EU6 emissions 
standards were put through several of the world’s principal test cycles 
as well as prescribed on-the-road RDE tests. Additionally, a demanding 
urban cycle was run on the laboratory chassis dyno to validate the on-
road urban RDE results. 

The testing showed the state-of-the-art diesel vehicles to be 

fully compliant with Euro 6c emissions values on the nEDC cycle and 
performing well in the RDE, achieving the necessary conformity 
factors. The vehicle with the simpler early Euro 6b-standard passive 
SCR and lean nox trap system performed less well in the WLTC and 
poorly on the higher speed sections of the RDE, but best of all for short 
urban trips. The authors conclude that sophisticated aftertreatment 
systems are capable of low on-road local nox emissions, and extremely 
low emissions of no2 – a factor which will become more important in 
upcoming rounds of European legislation. In future, says the study, 
multiple denox brick (LnT + SCR/SCRF) solutions will enable very low 
nox irrespective of drive cycle.

Vehicle 1
Later Euro 6b
 » D class
 » NOx control via HP-& LP-EGR and urea SCR

Vehicle 2
Euro 6c (“6dT-ready”)
 » E class
 » NOx control via dual EGR and urea SCRF - SCR
 » Closed-loop urea dosing

Vehicle 3
Euro 6b
 » C class
 » NOx control via HP-EGR, LNT & passive SCR (p_SCR)

V3: LnT + p_SCR

V2: SCRF - SCR

V1: SCR

Real-world vehicle 
emissions
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several dozen test procedures involving 
three different vehicle types and four 
different regulatory cycles on chassis 
dynamometers and on the public road, 
Andersson concludes that the results 
provide evidence of a significant shift in 
the ability of vehicles to have genuinely 
low NOx emissions. “Historically, NOx 
has definitely been the most difficult 
pollutant for diesels to deal with,” he 
says, “but with the advent of the most 
advanced emissions control technologies 
as per Vehicle 2 in our study, we 
believe control can be really excellent, 
everywhere.” 

What this means in practice is that 
the latest and most sophisticated diesel 
vehicles conforming to Euro 6d (see 
panel) can offer very clean operation 
across a far wider spectrum of operating 
conditions than before. This has been 
prompted by the shift in testing regimes 

from NEDC to WLTP, and the associated 
on-the-road RDE tests that force 
vehicles to perform cleanly across all 
conditions of everyday normal driving. 
The move to RDE, says Andersson, is 
pushing manufacturers to fully explore 
the potential of exhaust aftertreatment 
systems in combination with advanced 
engine measures for comprehensive 
control of emissions. Further potential, 
he predicts, will be unlocked once 

clean-burning low-carbon fuels such 
as biomass to liquid become available: 
diesels could then offer a better overall 
greenhouse gas balance than most other 
forms of propulsion.

Urban emissions crisis
If there is a downside to the new 
generation of super-clean Euro 6d 
compliant diesels it is that they are 
extremely complex, and therefore 
more expensive than models calibrated 
around earlier standards; additionally, 
confirming David Carslaw’s view, it will be 
a long time before they displace the Euro 
4, 5 and Euro 6b models that still make 
up the bulk of Europe’s diesel car fleet. 
Yet, says Andersson, even a complex 
diesel is still much less expensive than 
a plug-in gasoline hybrid of the same 
size, today’s most favoured solution, and 
as manufacturers and aftertreatment 
module suppliers fine-tune their systems 
they will be able to lighten the precious 
metal loading in each component and 
thus reduce the overall system cost. 

In the interim there is much that can 

Remote sensing reveals  
real emissions
By setting up monitoring stations alongside urban roads, experts from 
Ricardo Energy & Environment can get a measurement of each passing 
vehicle’s tailpipe emissions at that actual instant. Cars, vans, trucks, 
buses and motorcycles all produce their individual emissions signatures.

Some 320,000 measurements have been taken in the past year at a 
score of locations across England, Scotland and Wales. This provides 
an unrivalled database of the actual performance of a wide range of 
models in everyday conditions.

The instrument shines a light beam through the passing vehicle’s 
exhaust plume and is able to analyse the concentration of a number of 
gases in that stream. A major benefit of the approach is that it is non-
intrusive and no contact with the vehicle being measured is necessary. 
At the same time a numberplate camera logs the vehicle’s registration 
number to interrogate another database to determine the make and 
model of the vehicle, its emission standard and its age and mileage – 
and many other variables. This enables the system to provide highly 
disaggregated emissions data for a wide range of vehicles operating 
under real-world driving conditions. 

The monitoring scheme is particularly valuable in urban areas, where 
it can be used to isolate the individual vehicle types which are putting 
out the highest emissions of the pollutants in question. 

“Historically, nox has definitely been the most 
difficult pollutant for diesels to deal with, but 
with the advent of the most advanced emissions 
control technologies as in Vehicle 2 in our study, 

we believe control can be really excellent, everywhere”  
Jon Andersson, Ricardo global technical expert 
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be done to improve urban air quality 
using the tools already at the disposal 
of local authorities – and it is here that 
the findings of the roadside emissions 
monitoring can provide very useful 
guidance. Study leader David Carslaw 
does not, however, immediately point the 
finger at specific vehicles: “At Ricardo 
we are open-minded in terms of what 
we find,” he says. “We essentially let the 
data speak for itself, and what that data 
tells us is that there has been a strong 
improvement in performance from most 
of the diesels that have entered the 
market recently. We’re seeing particularly 
impressive NOx reductions for the larger 
and heavy-duty vehicles, and we’ve 
seen gasoline vehicles that are very low 

emitting, and consistently so.”
Turning to mainstream diesels, 

Carslaw points to strong differentiations 
in performance at each of the various 
legislative steps, with an average 55 to 
60 percent reduction in NOx between 
Euro 5 and early Euro 6. “We can expect 
that to improve still further in the coming 
months and years as manufacturers 
implement Euro 6d temp and Euro 6d, 
which incorporate RDE compliance,” he 
adds. “So it’s a moving target.”

This supports Jon Andersson’s 
assertion that diesel Euro 6 has not been 
a failure, as some commentators have 
claimed: real-world NOx emissions have 
been reducing, and reductions have 
increased as the different stages of Euro 

6 (6b, 6c, 6d-temp) have gone live. In 
the broader scheme of things, however, 
diesel passenger cars are only part of the 
air quality picture. “I would pick out the 
older urban buses as being particularly 
important,” says Carslaw. “Some of the 
locations [we measured], in London for 
example, and where we have seen some 
of the highest concentrations of NO2, 
have tended to be locations with very 
high flows of buses.”

Remote sensing as a city 
planning tool
The great advantage of roadside 
emissions monitoring is that it can pick 
out individual types of vehicle to spot 
the types which put out the highest 
emissions of pollutants at any particular 
point. 

“A key aim for us,” says Carslaw, “has 
been to really align the measurements 
we make with the individual plans such as 
clean air zones and other strategies that 
cities might have for the mitigation of air 
pollution. By providing ground-truth data 
for emissions, remote sensing can put 
these policies onto a much firmer footing. 
That’s where we feel the focus should be 
in the immediate future. Having specific 
emissions associated with specific urban 
areas is a significant advantage [for 
planners] and that is something we are 
working on.”

Local authorities in possession of 
detailed ground-truth data covering the 
emissions for nearly all vehicle types in 
their area will at last have the necessary 
factual backdrop at their disposal to 
enable them to determine, plan and 

More complex, less durable? not necessarily so
The latest generations of exhaust aftertreatment equipment have 
become highly complicated, especially on high-powered diesel cars. 
one model analysed by Ricardo featured both high and low-pressure 
EGR, a diesel oxidation catalyst, closed-loop AdBlue dosing through 
selective catalytic reduction and a soot filter, and an additional SCR/
ammonia slip catalyst (ASC). But do such complex systems lose their 
effectiveness and spell trouble in the longer term?

A year’s worth of measurements from Ricardo’s roadside remote 
sensing teams would suggest not: the durability of even the most 
complex of systems appears very good. And, surprisingly, diesel 
systems retain their performance even better than their gasoline 
equivalents: “There is no evidence in the current data that even the 
highest mileage Euro 5 diesel passenger cars exhibit increased PM 
emissions,” says David Carslaw, head of the monitoring team. “These 
results are reassuring and help provide confidence that DPF systems 
are robust, across a vehicle’s lifetime, in real-world use.”

But while particle filter systems on diesel vehicles can be almost 
100 percent effective, those for gasoline models will need further 
development to exceed 80 percent.

Homing in on diesel cars, Carslaw’s data reveals generally higher 

emissions from vehicles over 15 years old. It also reveals the 
substantially lower emissions of nox for vehicles a few years old – in 
other words, Euro 6 vehicles. In terms of the effects of vehicle mileage 
on emissions, there is some indication that emissions increase with 
increasing mileage for vehicles that are between four and 15 years old, 
although the effects are not strong.

one interesting finding of the remote sensing study was that 
as diesel cars age, they begin to emit less no2, the most harmful 
constituent of nox, thus benefiting the environment. This confirmed 
the effect of catalyst poisoning and deactivation mechanisms well 
understood by the engineering team. 

For gasoline models, says Carslaw, the emission of nox varies with 
both vehicle age and mileage. The plot shows that low-mileage vehicles, 
less than 15 years old, have low emissions of nox. For vehicles less than 
five years old there is very little effect of vehicle mileage on emissions 
and emissions are low. However, for vehicles between five and 15 
years old there is evidence that the emissions increase with increasing 
mileage. 

Such information is important in informing air quality managers as to 
which vehicles are best targeted to reduce emissions of nox, he notes.

Real-world vehicle 
emissions
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implement the most effective mitigation 
options for their area or region.

The outlook on emissions
Though there is a strong contrast 
between the three test methods – test 
cycles on the chassis dynamometer, 
RDE testing on everyday roads, and 
the remote sensing monitors, the fact 
that similar trends are being revealed 
by the very different measurement 
systems shows that the latest emission 
control systems are working well. And, 
most vitally, they continue to work 
robustly even outside the confines of 
the prescribed chassis dyno test cycle, 
meaning that consumers will begin to 
have more trust in official test results 
once more.

In particular, this gives grounds for 
optimism about the future of diesel 
passenger cars, ironically just as public 
concern is beginning to gather pace. “We 
can see some very good performances 
from latest diesel cars which show 
both very low emissions of NOx and 

NO2,” says Carslaw, “and I don’t think 
there’s any doubt that from an air quality 
perspective the reductions in NOx that 
can now be achieved are very timely – 
and they are what’s needed right now to 
help reduce urban NO2 concentrations.”

Nevertheless, while remote 
monitoring does reveal useful general 
improvements in NOx emissions 
performance with newer diesel cars, the 
fact that there is significant variability 
between different diesel models shows 
that there is still work to be done. Many 
of the key steps have already been 

implemented and diesel’s clean bill of 
health is now in sight – but it’s not quite 
there yet. 

The message of this most recent work 
on Euro 6 standards is twofold. Firstly, 
that most modern diesels have far 
stronger environmental credentials than 
many commentators give them credit 
for, and secondly, that Ricardo is unique 
in its ability to approach the issue from 
both sides thanks to the fruitful strategic 
synergy between its top-flight engineers 
and the world-class air quality specialists 
at Ricardo Energy & Environment.  

The nox paradox
The automotive industry has grown used to the term nox as a catch-all 
for the two principal oxides of nitrogen (no, or nitric oxide, and no2, or 
nitrogen dioxide). of these compounds, no2 is the most important in 
terms of direct health impacts, with high local concentrations of no2 
leading to breathing difficulties; no oxidises in sunlight or the presence 
of low-level ozone to form no2, but has the opportunity to disperse and 
this process primarily happens away from the roadside.

Although the efficiency of modern catalytic aftertreatments means 

that the proportion of no2 at the tailpipe is set to reduce, there will 
continue to be a strong focus on the absolute emissions of no2 because 
this is likely to be specifically controlled in future legislation. Looking 
further ahead, it is to be expected that emissions of total nox will be 
so low that the proportion emitted as no2 will become irrelevant from 
an air quality perspective. one way or another, future regulations will 
continue to inspire engineers and chemists to seek improved and 
perhaps different solutions to nitrogen reduction.

“At Ricardo we are open-minded in terms of what 
we find; we essentially let the data speak for itself, 
and what that data tells us is that there has been 
a strong improvement in performance from most 

of the diesels that have entered the market recently”  
David Carslaw, knowledge leader, environmental  
evidence & data, Ricardo 

Real-world vehicle 
emissions
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With rapid changes in technology, 
industrial engineering is becoming more 
demanding in both product variance and 
performance demands. Companies may 
suddenly need several thousand units 
of the latest great idea, very quickly, and 
lack the immediate resources to deliver 
it. A ‘can do’ attitude, coupled with the 
necessary capacity and skills, is what 
is needed – and this is where Ricardo 
Performance Products comes in. 

Ricardo Performance Products 
manufactures and assembles low-volume, 
high-quality pre-production and niche 
volumes of complex engine, transmission 
and vehicle products which have either 
been designed by Ricardo’s Technical 
Consulting arm or often, by the client. 
Customers vary but are typically blue-chip 

brands with substantial, high-value projects 
to be realised – such as the manufacture 
of a dual clutch transmission driveline or a 
high specific output turbocharged engine 
for some of the world’s fastest and highest 
performance road cars.

It’s a business that boasts an 
impressive track record across multiple 
sectors – from motorsport transmissions, 
to monorail drivelines, or from specialist 
military vehicles to components for the 
world’s leading aerospace manufacturers. 
The challenges can be immense: just a few 
years ago, Ricardo Performance Products 
was tasked with building an improved IED-
resistant vehicle to operate in the most 
demanding military conditions. It was 
designed as a light protected patrol vehicle 
and was intended to replace the Land 

Rover, but with significantly enhanced 
capabilities in the field. The vehicle had 
over 5000 separate parts, and the supply 
chain had to be built from scratch and 
approved by the UK Ministry of Defence. 
Highly complex sub-assemblies, where 
all vehicle systems had to be approved 
and integrated line-side to the unique 
vehicle assembly line, were developed 
at Ricardo. Additionally, Ricardo had the 
responsibility to train the customer’s 
prime OEM in all the various assembly 
steps while still ensuring a fully tested and 
validated vehicle rolled off the production 
line every four hours. The completed 
product had to be concealed from public 
sight and delivered to the customer every 
day, Monday to Friday – and in total, 380 
service-ready units had to be ready for 

From its formation as a division just eight years ago, Ricardo Performance 
Products has grown from a specialist niche-volume maker of performance 
driveline products to a high-quality manufacturer offering a full range of 
engineering capability, across sectors ranging from automotive to defence 
vehicles. Manufacturing industry commentator Will Stirling describes how the 
Performance Products team is now using its advanced manufacturing expertise 
in a new engineering consultancy service
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deployment in 27 months from contract 
award, with a ramp-up built in.

These multiple challenges were met 
to the extent that the customer, the 
UK Ministry of Defence, remarked that 
the resulting Foxhound was “the best 
military vehicle off road performance ever 
experienced”. It was delivered on time 
in-full, and on budget, in just over two 
years from clean sheet. This high-profile 
manufacturing success for Ricardo is just 
one of many.

new product  
introduction focus
Since its formation in 2010 the division 
has grown rapidly and its team of skilled, 
specialist engineers now delivers a 
significant proportion of the Ricardo 
group’s total revenue. Ricardo Performance 
Products provides a modern niche low-
volume production capability, managing 
the design, supply chain management, 
quality control and production of highly 
complex assemblies in volumes from 10 
to 10,000, but rarely more. This specialized 
zone is the proving ground for new product 
introduction (NPI) programmes.

In terms of new product development, 
universities and specialist consultancies 

can help from Technology Readiness 
Levels (TRL) 1 to 3. But how do you move, 
for example, from five working functional 
prototypes up to several hundred 
production units if the company has no 
spare in-house capacity – or perhaps 
lacks the necessary manufacturing 
capabilities? This is where Ricardo’s 
manufacturing experts can help. 

While all OEMs have in-house 
industrial engineering capabilities, their 
available resources or specialist skills 
at any one time varies hugely. Consider 
the successful design that moves to 
prototype; market research work is 
positive, and suddenly from a ‘great idea’ 
this novel pump system or transmission 
design needs to go from 10-off trial units 
to 2000 homologated products for a 
customer – who might want the products 
within months, or even weeks. This kind of 
challenge and turnaround time is Ricardo 
Performance Products’ home territory. 

“Most companies are structured in 
such a way to focus industrial engineering 
support around their ongoing core 
programmes,” says Mark Barge, MD of 
Ricardo Performance Products. “However, 
during periods of peak load or significant 
change, projects can demand skills that 
are either already fully utilized or not within 
the customer’s established team. It’s at 
this point we can step in and deliver these 
critical tasks.” 

A new industrial engineering 
consultancy
Over the past  eight – intense – years 
Ricardo has developed a niche 
manufacturing blueprint: a comprehensive 
suite of knowledge to take forward a 
customer’s scale-up challenge to the 
successful commercial manufacture of a 
new product, to the correct specification, 
within budget. The process covers the 
multiple critical disciplines of design 
engineering, manufacturing, quality 
assurance, supply chain management 
and training. It is not merely engineering 
consultancy, but total design for 
manufacture and supply-chain know-how, 
and this is the core of the new industrial 
engineering consultancy service offered by 
Ricardo.

The five main areas of focus can be 
summarized as:
1. Design for manufacture (DFM) and 

continuous improvement
2. Supply chain selection and verification
3. Industrial engineering and facility 

design
4. Process flow and integrated quality 

assurance
5. niche volume manufacturing

The skill of Ricardo Performance Products 
is the mastery of all these disciplines, and 
combining them under tight deadlines to 
deliver what the client needs – accurately, 
on time and on budget. Each discipline 
is as important as the next and often 
gives the customer – sometimes an 
experienced business – a revelation in how 
to manufacture at scale or the real price 
point for their innovation. 

“Large OEMs are often not able 
to do small volumes because their 
manufacturing system is designed to 
deliver product in the tens of thousands 
or more,” says head of new product 
introduction Daniel Hall. “For example, it 
may more typically be used to investing 
in developing a £100m automated 
assembly line, or its team may not have 
the experience for volumes under the 
multiple thousands. The large automakers 
are constrained in terms of new product 
introduction, working within the fixed 
installed capabilities they have, and their 
freedom to do clean sheet new product 
introduction is heavily restricted. At the 
other end of the scale we might be working 
with a technology start-up full of bright 
engineers with a terrific design but limited 
manufacturing experience.”

Picking the team
People are the essential ingredient 
of Ricardo Performance Products’ 
success, and as Mark Barge explains, 
most are former automotive engineers 
with extensive manufacturing 
experience: “We have developed the 
skills and aptitude to work comfortably 
in external business environments. 
We can embed ourselves in an active 
factory environment and improve their 
product line, and we are a broad team 

Production 
Requirement

Niche volume 
manufacture

Design for 
manufacture (DFM) 

and continuous 
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Supply chain 
selection and
 verification

Industrial 
engineering
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of specialists rather than an army of 
generalists.”

Finding and selecting sub-suppliers – 
often globally – designing and embedding 
the right quality assurance and testing 
systems into the production line, ensuring 
complete traceability throughout the build, 
and harmonising the interactions between 
the operators and technology: these are 
some of the jigsaw pieces that Ricardo can 
fit to the puzzle – and quickly – in a way 
that customers often cannot.

new technology 
requirements
A typical industrial engineering challenge 
for Ricardo sees a customer moving 
from today’s product to the product 
of tomorrow, with all that this entails – 
including new technology of which they 
have little experience in a production 
environment, often combined with a new 
supply chain. A good example occurs with 
the rise of automotive electrification: 
the requirement to integrate power 
electronics with rapidly evolving electric 
motor technology, coupled with highly 

efficient and compact 
mechanical transmissions, is 
unique to this growing sector. The various 
technologies existed before but were not 
previously assembled into a single drive 
unit or manufactured by suppliers familiar 
with the demands of the automotive 
sector.

“Ricardo’s industrial engineers excel 
where a customer’s current processes, 
capabilities, quality and test equipment 
don’t support the rapidly evolving demands 
of their market,” says Ricardo Performance 
Products business development manager 
Martin Starkey. “They need that bridge in 
technology and process development, and 
this is where our team can help.”

Recently, Ricardo was approached to 
develop an electronics module to support 
the charging capabilities of an electric 
vehicle (EV). The customer had the 
electronics experts, but were missing the 
manufacturing, supply chain and quality 
specifications to make it work. Ricardo 
developed a full viable manufacturing 
solution for a next-generation vehicle 
that features the device including key 

sub-suppliers.
Sometimes, Design for Manufacture 

(DFM) assessments produce prosaic but 
vitally important conclusions. In one case, 
the DFM study revealed the potential for 
an additional washer to be accidentally 
included in a complex build, ultimately 
resulting in an early failure of the unit. “How 
would a pure design engineer expect that 
to happen, when he only designed it with 
ten washers, there was no eleventh? But 
it’s the type of thing that can and does 
happen if the manufacturing process is not 
correctly configured,” says Starkey.

Armed with all the information, a 
customer can make better decisions and 
can save millions of pounds. “Sometimes 
we provide the entire production business 
model, even down to costing the unit 
price,” continues Daniel Hall. “That is a 
very powerful tool either for a start-up or 
an established OEM with a new product, 
in deciding whether to proceed with the 
business case.”

Ricardo’s E-Axle electric vehicle transmission
Drawing upon research and technology developed and proven 
in markets from Formula E to supercars, Ricardo Performance 
Products’ new E-Axle transmission offers a balance of efficiency and 
performance, together with low total cost of ownership.

Prompted by the rising demand for battery electric vehicles (EVs) 
and the increasing range of electric machines available for selection 
by automakers, Ricardo has created a single-speed EV transmission 

using knowledge and experience developed both on and off the 
track. Capable of accommodating both high torque and high input 
speeds, this advanced modular EV transmission was revealed at 
the LCV event in September 2018. The E-Axle can be used in a wide 
range of installed orientations, and is equipped with high strength, 
lightweight aluminium casings that are ideal for direct integration 
into space-constrained environments.

SPECIFICATIon
Max input torque 500 nm
Max input speed 12000 RPM
Ratio availability 10.1 : 1 / 9.1 : 1 / 7.2 : 1
Weight 34 Kg
Lubrication Forced (separate pump) or  
 splash (wet sump)
Motor compatibility (with adaptor) YASA 400, AVID 130, BW/Remy 250, EQ 150 
Park brake Electric actuation
Differential Ramp & plate limited slip or free
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Helping those with zero 
manufacturing experience
It is not just the larger OEMs that may 
require help with their niche products: small 
engineering practices and inventors that 
have developed a good product and want to 
move into production also come to Ricardo. 
“A company might, typically, have developed 
a great product and received strong 
commercial market interest, but they need 
to move from making three prototypes in 
total to making three production quality 
units every hour,” says Martin Starkey. 
Here education is often needed, he notes. 
“It is amazing – almost every time people 
think that, if the journey is 100 percent, 
then getting a functioning prototype is 
90 percent and going into production the 
final 10 percent. Our experience indicates 
that more often than not it’s the other way 
around.”

For example, a client had devised a highly 
advanced and complex automated drone, 
integrating numerous motors, batteries, 
sensors and other parts. The prototypes 
were fully functional, but the wiring was 
created manually by a technician assembling 

endless metres, cutting, crimping and 
soldering every length in a manual process. 
“He knew what he was doing, and it worked 
for him making one-offs,” says Starkey. “But 
scale it up to a series production line, and the 
system was not fit for purpose. It needed to 
be redesigned for series manufacture.”

Growth markets
The battery industry is hot: the UK, 
Germany, France and Norway have 
committed to terminating exclusively 
fossil-fuelled vehicle sales by 2025 or 2040. 
This makes for a vast growth area, but as 
yet, there are no standard products and 
battery systems are unique to the platform 
into which they are fitted. Even the building 
block is not fixed; you can buy cylindrical, 
pouch-form and prismatic cells, and there 
are plenty of niche-volume vehicle OEMs 
demanding solutions. “There is no battery 
sub-supply chain in the UK or globally that 
has been producing thousands of batteries 
for the last 20 years, as there is in other 
more established areas of the automotive 
industry,” says Starkey.

In designing battery packs, the Ricardo 

manufacturing team works closely with the 
company’s Technical Consulting division, 
which has the capability to quickly develop 
battery concepts at the most exploratory 
and innovatory engineering level at 
speed. On several programmes, Ricardo 
Performance Products advises design 
teams on how (and, as importantly, how 
not) to design and make the battery, taking 
full account of manufacturability.

The second key growth market is e-axles 
and electric drive units (EDUs), which are 
being applied across the automotive range 
– from passenger cars to commercial 
vehicle and off-highway applications. With 
an e-Axle, the transmission and electric 
motor are integrated to provide the motion 
force for the vehicle. Such drives have fewer 
components than conventional vehicle 
transmissions, but potentially high value, 
especially in some of the more specialized 
and demanding applications: the motor, and 
power electric inverter form a big proportion 
of this. The supply chain is also very different. 
“Supply chain management becomes as 
vital for EDUs as how you put them together,” 
says Daniel Hall.

Having built its brand and reputation 
as the manufacturer of choice for high 
performance products – primarily, but not 
exclusively, of automotive and motorsports 
engine and transmission systems – Ricardo 
Performance Products has now diversified, 
bringing its industrial engineering skills 
and expertise to a much wider customer 
base. Given current trends in new product 
development and engineering solutions, 
especially in electrification, and the need 
to get new products to market very quickly, 
the Ricardo team’s unique suite of skills 
and personnel make it ideally placed to 
partner with industrial firms – from small to 
very large – in a fast changing, customer-
centred world. 

Will Stirling is a journalist specializing in 
manufacturing. A former editor of The 
Manufacturer for five years, he contributes on 
manufacturing to The Times, The Daily Telegraph 
and The Spectator and to numerous industry 
reports and white papers.

Aerospace manufacturing certification
Demonstrating its reach beyond the automotive and motorsport sectors, 
the high-performance manufacturing business of Ricardo has secured 
certification to the latest ‘Issue D’ revision of AS9100 (BS En 9100), the 
single common quality management standard for the aerospace industry, 
used and supported by the world’s leading aerospace companies and their 
supply chains.

Certified to AS 9100 Issue C since 2014, Ricardo Performance Products’ 
successful Issue D certification includes meeting additional requirements 
for product safety, human factors, counterfeit parts and organizational 
knowledge.
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RICARDo news
Latest developments from around 
the global Ricardo organization

Two state-of-the-art Ricardo single-cylinder research engines have been purchased by 
northumbria University as part of a £6.7m programme of investment. 

The two Ricardo Hydra light-duty diesel single-cylinder engines – one a thermal metal firing 
engine and the other a thermal firing optical engine – are based on Ford TDCi production multi-
cylinder heads. now fully operational, they have been installed at the university’s newcastle 
laboratories, and will support the launch of new automotive engineering degree programmes , as 
well as advancing vital research on the development of next generation bio- and renewable fuels.

“We were pleased to be able to specify Ricardo engines for our new laboratory,” commented 
Dr Ulugbek Azimov, programme leader in automotive engineering at northumbria University. 
“These engines are an important part of our investment in new test facilities and analysis 
equipment. It has been great to work with the Ricardo team in commissioning the new equipment 
and ensuring that it will meet our educational requirements.”

Two important milestones have been 
passed in Ricardo’s long and successful 
timeline of work in the design, build and 
delivery of race car transmissions.

In June, the hundredth transmission 
for the BMW M Motorsport M6 GT3 race 
car was shipped. The transmission, a six-
speed sequential transaxle – designed in-
house by Ricardo and developed with BMW 
M Motorsport – is the latest achievement 
in more than twenty years’ work in the 
design, development and worldwide supply 
of GT3 motorsports transmissions.

The BMW M6 GT3 made its debut 
at the 2016 24 Hours of Daytona and 
has since appeared in all of the top 
worldwide GT series. Its first victory 
was in 2016 at the VLN Endurance 

Championship at the Nürburgring. 
This year Ricardo started delivering 

a new and more advanced version of 
the transmission. Victory at April’s VLN 
Endurance Championship underscored 
the status of the M6 as one of the world’s 
best GT3 cars.

In July the first deliveries of 
transmission were made for the 2019 
Japan Super Formula series – the 
top level of competitive single-seater 
racing in Japan. Ricardo is the sole 
transmissions supplier for this series, 
which sees 11 teams compete on some 
of the most prestigious Japanese tracks, 
including the Fuji Speedway, Suzuka and 
the Twin Ring Motegi.

The race vehicle was successfully 

northumbria University invests in Ricardo research engines

re-homologated earlier this year for what 
is expected to be a faster series in 2019, 
thanks to revised aerodynamics. Testing 
will continue until the competing teams 
receive their new Ricardo transmissions 
in January; as in previous years, Ricardo 
will continue to support Japan Race 
Promotion with technical support and 
spares throughout the race season.

“This is just the latest milestone 
in a long and successful partnership 
with this prestigious and highly 
competitive Japanese race series, and 
demonstrates that our capabilities in 
design, manufacturing and supply chain 
management are both global in reach and 
world-class in quality ,“ commented Ricardo 
Performance Products MD Mark Barge.

The BMW M 
Motorsport M6 GT3 
race car (above) and 
Japan Super Formula 
car (above/left)

The northumbria 
University team: senior 
lecturer Ulugbek 
Azimov is flanked by 
senior technicians Sam 
Hutchinson (left) and 
Simon neville

Race transmissions 
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The fifth annual Ricardo Motorcycle Conference will take 
place in Milan on 5 november 2018 – the day before the 
start of EICMA 2018, the premier global trade show for 
two-wheeled transport.

The conference draws together senior management, 
engineers and thought leaders from the world’s leading 
motorcycle brands and their technology and component 
suppliers, to discuss future trends, legislative and market 
drivers, and technological opportunities. 

This year’s venue is a spectacular space in the Air & 
Water Transport building of the Museo nazionale della 
Scienza e della Tecnologia Leonardo da Vinci, in Spazio 
Polene. 

Technical sessions will focus upon future powertrain 
technologies, future vehicle technologies, and 
motorcycle market drivers, with presentations from, 
among others, representatives from BMW Group, 
Bosch, Ducati, KTM Technologies, KISKA, Piaggio, Graz 
University of Technology, Politecnico di Milano, Queen’s 
University Belfast, and Ricardo Motorcycle. 

Three interactive ‘Expert Dialogues’ will complement 
the main programme. These free discussion sessions on 
the latest technologies will draw in experts from both the 
automotive and urban mobility sectors.

Further details of the technical programme and details of 
delegate registration for the fifth Ricardo Motorcycle Conference 
can be found at: www.motorcycleconference.com.

A new toolkit, produced by Ricardo and 
sponsored by waste and recycling specialist 
SUEZ, provides UK local authorities with a 
blueprint for creating better waste service 
procurement strategies.

The toolkit provides step-by-step advice to 
help local authorities make the right decisions about when to go to market, 
what services to package and what processes and requirements might 
limit the competition for contracts. It aims to help local officers to develop 
procurement processes that encourage contractors to improve service 
efficiencies, maintain quality and reliability, and drive value for money.   

Local authorities operate under intense pressure to reduce costs 
and improve performance. As waste contractors inevitably favour 

low-risk opportunities and are selective about tendering, procuring high 
performance services can be a complex process.

“Delivering a waste service and infrastructure project can be challenging 
for a local authority, especially when faced with limited funding,” said Dr 
Adam Read, director of external affairs at SUEZ. “That’s why we sponsored 
Ricardo to draft this toolkit, which we hope will empower local authorities 
to build competitive markets for waste services through procurement and 
contract suppliers who increase efficiency and reduce expenditure.” 

The toolkit, developed in collaboration with local authority officers across 
the UK, covers the entire procurement cycle: from collating the information 
to assist bidders in providing quality tenders, through to developing effective 
contract management systems. A free webinar on the topic will be hosted 
by Ricardo and SUEZ on 15 November. See RIcardo website for details.

Waste service procurement toolkit published

Motorcycle Conference 
programme announcedTwo new rail links have opened this year 

in Europe with support from Ricardo 
teams – a north-south metro line in 
Amsterdam and a light rail link between 
the city of Aarhus and neighbouring Odder 
in Denmark.

The 11 km metro line – Line 52 – 
formally began operation across the Dutch 
capital in July and provides a link from the 
Amsterdam Zuid (south) interchange to the 
central city and points north. 

Ricardo Rail has been providing 
technical support for the project since 
2009, with its teams of rolling stock 
and infrastructure experts working 
across various stages of development, 
from infrastructure and traction power 
supply through to replacement of 
aspects of the metro vehicles’ safety 
systems with automatic train control 
– specifically communications-based 
train control (CBTC).

The Aarhus-Odder link has adapted a 
previously redundant line to carry a mix of 
light rail and ‘tram trains’ – bi-mode rolling 
stock that can operate partly as a train, as 
well as at street level alongside road traffic. 
Up to 12 services an hour serve the busy 
central section of the route.

Ricardo Certification has supported 
the project’s development as Independent 
Safety Assessor since 2012. Since opening, 
the new network has proved extremely 
reliable and popular, carrying an average of 
8400 passengers per day – an increase of 
40 percent on the bus line that it replaced.

Double Ricardo rail success
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Following an intensive development programme, Cox Powertrain has revealed the final 
concept of its highly-anticipated diesel outboard engine, the CXo300, with production due 
to commence in the first half of 2019. The CXo300 is based on a four-stroke V8 architecture, 
and is the world’s first 300 hp diesel outboard engine ever to have come to the marine market, 
promising many advantages over competing gasoline outboards.

Crucially for commercial operators, the CXo300 offers at least a 25 percent better range 
compared to an equivalent gasoline outboard and is designed to last up to three times longer. 
It also offers significantly higher peak torque and lighter weight, giving considerable operational 
and performance benefits.

The CXo300 has been designed in collaboration with Ricardo and developed in-house from the 
ground up for professional maritime use. Sea trials of the CXo300 are planned to start in october this 
year, with order books due to open in november.

Cox unveils diesel outboard

Ricardo ‘rockets’  
to victory at railway 
challenge
Competing for the first time, a team from Ricardo Rail took 
top place at the IMechE’s 2018 Railway Challenge, an annual 
competition between teams of up-and-coming engineers to 
design and build a miniature, 10 1/4 inch gauge railway locomotive.

The Ricardo Rail team of graduate students and apprentice 
engineers was up against eight worthy competitors, including 
teams from the UK’s top universities as well from FH Aachen and 
Reuschling University in Germany, Bombardier Transportation, 
Siemens, Transport for London, and SNC-Lavalin Rail and Transit 
– last year’s winners, who came in second.

“This year’s IMechE Railway Challenge was the toughest 
competition yet. For Ricardo to win in the first year it has 
competed is an outstanding achievement,” commented head 
judge Bill Reeve, the director of rail at Transport Scotland. 

Held over the weekend of 30 June- 1 July at the Stapleford 
miniature railway, Leicestershire, the competition required 
teams to design, hand-build and run the miniature locomotives. 
Assessments included a design report and business 
presentation, as well as track-based challenges to test each 
locomotive’s acceleration, traction, ride comfort, noise, 
maintainability, regenerative braking, and energy storage 
capacity.

The judges were impressed by the wide range of solutions 
offered for traction and braking systems, and suspension 
designs. Entries also featured fuel cells internal combustion units, 

batteries, supercapacitors, and mechanical energy storage. Of 
the winning entry, the ‘Ricardo Rocket’, Bill Reeve commented 
that “good team work and project management, with sound 
system engineering and testing, delivered an impressive and 
reliable performance”.

The ‘Rocket’ was almost a year in the making, with initial 
design and planning from last September, and the actual build 
undertaken over a six-week period in January and February at the 
Derby workshop of Loram UK, to whom thanks are due. The loco 
underwent several weeks of testing through to early June – just 
ahead of the Challenge.

The loco’s livery – a camouflage design more usually used 
on motor vehicle prototypes – was provided by colleagues in 
Ricardo’s automotive division. “We had a team that worked 
really well together and benefited from cross-industry expertise 
by having railway and automotive team members,” confirmed 
project manager Benjamin Morley, a graduate engineer with 
Ricardo Rail.

“The general design wasn’t over-complicated, though we 
did concentrate our efforts on 
the energy recovery,” he 
added. “This is all part 
of the Ricardo Group’s 
long-standing mission of 
getting the utmost from 
fuel resources.”

The Ricardo graduates 
and apprentices 
who took part were 
Ben Morley, Justin 
Smith, Abigail Carson, 
Alice Callaghan, 
Daniel Liddle, Adam 
Heywood, Alice 
McGuigan, Robert 
MacGregor and Ross 
Palmer. The team 
supervisor was Martin 
Elliott, professional 
head of traction & 
rolling stock

Ricardo News
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Delivering Excellence Through 
Innovation & Technology

automotive.ricardo.com/testing

Testing for Euro 6 and Beyond 
Ricardo’s new world-class Vehicle Emissions Research Centre (VERC) enables the 
development of the next generation of clean, low-carbon vehicles

• First UK facility to be accredited to the WLTP standard

• Bespoke testing service for certi� cation testing to all 
levels including WLTP

• Extensive experience in testing for RDE robustness 
including custom cycles

• Vehicle benchmarking to all emissions levels

• Climate-controlled vehicle tests, with humidity 
regulation and con� gured for 4WD powertrains of up 
to 300 kW

• Advanced testing technology for hybrid electric 
vehicles

• Fully compliant with current global regulations, 
including Euro 6 and Tier 3, and incorporating 
additional capabilities in anticipation of regulations 
to 2020 and beyond

• State-of-the-art gas analysers for real-time 
measurement of CO, HC, O2 and NOx plus both EGR 
and exhaust CO2

• Fully integrated measurement capability for NOx 
speciation (FTIR) and detailed particle properties 
(mass, number, size)

• Supporting analytical capabilities compliant with 
next-stage European legislation (Full WLTP), including 
carbonyls, alcohols and greenhouse gases

Find out how Ricardo can help your product development.
Email: info@ricardo.com    Tel: (UK) +44 (0)1273 455611  
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