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Future Vehicle Architecture (FUVA)

FuVA brings together knowledge and experience of working with automotive partners
in developing high voltage EV platforms. It considers the highest value items on the
vehicle and defines a path to reduce cost whilst maintaining attribute targets.

Integrated product development processes for vehicle subsystems:

- Vehicle primary and secondary structures
- Propulsion and chassis systems
+"Mass + energy management

The benefits of a fully scalable multi-energy platform architecture design enable clients to maintain
vehicle attributes while reducing vehicle unit costs and time to market.

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

www.ricardo.com/FuVvA
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Industry News

INDUSTRY NEWS

The latest in technology, innovation and sustainability across world industries

Green or black: oll majors
face a stark choice

p— already prompted European producers
such as BP, Shell and Total to commit to
carbon reduction programmes. The EU’s
upcaming sustainable finance package
will compel firms to make much clearer
declarations of their econamic, social
and governance (ESG] palicies in their
communications, putting further market
pressure on those behind the curve.
Outside the Green Deal bubble of
Europe, Australian giant BHP, the warld’s
largest mining conglomerate, has
announced its exit from coal and retreat
from some older ail assets, while in the
US the once fast-growing shale industry
has stalled. Exploration and drilling
projects have been put on hold, but while
there is some acceptance that peak all
has passed, there is still a reluctance
at boardroom level to embrace a clear
pathway towards renewables.

With fuel prices in free fall, billions wiped corporate future by continuing to do Oil refinery Even so, the International
off their assets and their long-term value business as usual. installations: Renewable Energy Association has
carbon footprints

uncertain, the major fossil fuel producers
are facing a stark choice: adjust to the
reality of climate change, or gamble their

Pressure from shareholders and
asset managers, allied ta plunging oil
prices and a callapse in demand, has

are under scrutiny

reported that global investmentin
renewables has for the first time
exceeded thatin oil and gas.

Innovation for the elite

Itgoes without saying that each new generation of Mercedes-Benz S-Class
will be the most technically advanced ever produced - and the 2021 model,
pictured below alongside its many predecessor generations, is no exception.

Builtin Daimler’s new eco-friendly Factory 56, the newline-upincludes
aplug-inhybrid with an electricrange of 100 km, though no diesel hybrid.
Twodifferentrear-wheel steering systems are optional, asare threelevels of
autonomous driving and remote parking controlled by smartphone. The digital
headlights can project messages and warning signs onto theroad aswell as
superimposing navigation symbols onto turns, while 3Dinstrumentationand
anenlarged head-up display make life easier for thedriver.

The new Rolls-Royce Ghost, launched at the same time, claims to be
pioneering a new spirit of ‘post opulence’ or a simplification of the luxury
environment. With 4WD and all-wheel steering as standard, ithasanew
Planar suspension system thatincludes special mass dampersonthe
frontwishbones and a stereo camera toread the road ahead and prepare
the springs accordingly. Some 100 kg of insulation ensure silence on the

move - but not absolute silence, as Rolls owners find that too disconcerting.
Instead, says the company, all components are tuned in to a special ‘whisper’
frequency so that occupants have some sense of speed.

The promise of all thisinnovationis that it will eventually trickle downinto
more affordable modelsinyears to come. Intoday’s real world, one of the
mostsignificantintroductions for 2021 will be the Nissan Ariya, an advanced
all-electric crossover set todo battle with VW’s ID.4 and Tesla’s Model Y.
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Industry News

NEVWS INBRIEF

Highlighting the latest thinking in automative
engineering and technology worldwide

EV tipping point

Why don’t more peaple buy EVs? A study by Castral, quoted
in Green Car Reports, pinpoints the key metrics that will help
swing the decision for the 61 percent of buyers whao still want
to ‘wait and see’. What is needed for a breakthrough, reports
Castrol, is a minimum range of 470 km, charging in less than

Urban e-commergials arrive

Automakers and start-ups are hurrying be facing serious competition froma 31 minutes, and a sticker price below $36,000.
torelease zero-emission vans and light growing array of potentially more efficient
commercials in response to the growing clean-sheet EV designs from start-up Uber to go electric
number of zero- and ultra-low emission firmsin Europe and North America. Following a widespread campaign by leading NGOs, mohility
zones in city centres around the globe. Bollinger Motars is one example, which provider Uber has agreed to begin cleaning up its act by
Renault, Peugeot, Citroen, Opel-Vauxhall, already builds the electric B1 SUV and B2 ensuring that at least half its rides in European capitals are
Fiat, Ford and Mercedes-Benz are amang pick-up; its new Deliver-E is a dedicated emission free by 2025. Longer term, the target will be 100
the European brands marketing battery urban delivery van with a choice of percent electric. A parallel programme will see Uber rides in
or plug-in hybrid versions of their existing batteries between 70.and 210 kWh. North America go fully electric by 2030. The decision comes
medium and large panel vans. Mercedes, The Volta Zero [pictured] promises to be in the wake of Uber’s first-ever environmental report, which
forinstance, recently announced a major one of the more credible newcomers. The analyzed over 4 billion rides since 2017 and showed that the
order from Amazon Europe for 1800 eVito UK-built vehicle is claimed by its Swedish organization’s emissions per passenger kilometre were worse
and eSprinter models toensure eco-friendly  parent company to be the world's first than those of private passenger cars.
last-mile deliveries for online customers. purpose-designed electric light truck, with
Those vans, which are essentially a payload of 16 tonnes and arange of 150 Leaf hits half million
battery-electric adaptations of existing to 200 km. It will gointo a pilot trial with Nissan'’s pioneering Leaf hatchback, the world’s first mass-
combustion-engine platforms, will soon DPDinLondonin2021. market electric car, hit 500,000 sales in September, nine

years afterits launch. In that time, says Nissan, Leaf drivers
around the world have covered 14.8 billion zero-emission
kilometres, saving 2.4 billion kg of CO= in the process.

Automation reaches motorcycle sector

BMW will soon of fer car-type automation systems and other high-technology
components toits premium two-wheeler customers. Newly developed Active Cruise
Controlusesradartokeep aconstantdistance fromthe vehiclein front, and canalso cope
withmotorcyclesbankinginturns; theridercan
adjustthe follow distance to his or her preference.
Seriousriders of BMW's sportshikessuchasthe
S1000RR canselect the optional M Performance
carbonwheelsfor €3990, saving 1.7 kgand
improving acceleration, braking and handling.
Seasoned motorcyclists, meanwhile, willwelcome
the maintenance-freedrive chainwhichuses
industry-grade diamond coating onitsrollersto
eliminate this messy lube chore.

Taxis to trial wireless charging

Jaguaris to test the real-life effectiveness of wireless EV
charging on a fleet of I-Pace taxis in Oslo, reports the FT. The
25-car trial in the Norwegian capital will see induction pads
installed in taxi ranks outside the central station and other
hubs, so that the vehicles can top up their batteries while
waiting for customers. Similar schemes are in prospect for
buses and vans in Norway’s push togo all-electric. Jaguar CEO
Ralf Speth describes wireless EV charging as more effective
than refuelling a conventional vehicle.

Toyota: destination moon

Toyota and JAXA, Japan’s aerospace exploration agency, have
been developing a novel crewed rover vehicle for possible future
exploration missions. With a pressurized hull and a fuel cell
driveline pawering its six wheels, the Lunar Cruiser is designed

a a a
COV|d: hEIpS a“" not CIImate to support continuous activities on the moon’s surface and is

expected to be deployed in the latter half of the decade.

The near-global lockdown triggered by growing use of renewable energies. Europe,
the Covid-18 pandemic thisyear has forinstance, hita 55 percent renewables
helped provide a short breathing space of sharein May. w TOYOTA
improved air quality, but the slowdown has Nor has the Covid slowdown led to the | ¥
not had any parallel effect of benefitingthe ~ hoped-for let-up in climate-damaging /
warld’s climate. deforestation, which WWF Germany’s
Average concentrations of COzin the satellite surveillance reports as up S0
atmosphere peaked atarecord 417 ppm percent during the pandemic, especially
in May; the warld first breached the 400 in Asia, Africa and Latin America. Firesare

barrierin 2015 and 350 ppm is considered againravaging Siberia, which reached an
the maximum safe level. Nevertheless, the  unprecedented 38 Celsius in July, and the
IEA expects fossil-fuel GHG emissions to north and south poles are experiencing
be 8 percent lower thanin 2018, thanks to much faster temperaturerises.

RQ-Q3-2020 S



Industry News

Airlines grounded on emissions

Airline operators have been among the organizations hit
hardest by Covid-19. However, a measure of relief came with
the announcement that the industry’s UN-backed CORSIA
emissions agreement will use 2019 as the base year for its
timetable of GHG reductions. Given the dramatic slumpin
travel this year, and the consequent fall in GHG emissions, the
ariginally agreed 2020 base year would have given airlines a
much tougher set of reductions to achieve.

European palitical leaders have acted cautiously in helping
their countries” airlines, seeking to avoid a rush back to business
asusual and a return to the steeply climbing path aviation
emissions were on. France, for instance, has insisted that aid
toits aircraft sectaris contingent on the industry developing a
carbon-neutral passenger plane by 2035, using either e-fuels or
hydrogen power; alsa in the mix are a smaller regional plane and
a helicopter, which could be battery powered.

Hydrogen received something of a boost in the EU’s
fuels strategy, published in July. Nevertheless, impaortant
decisions still need to be made when it comes to promoting
moare sustainable fuels and perhaps taxing conventional
aviation kerosene - and over integrating the airlines’
international CORSIA agreement into the European Emissions
Trading System.

Inthe meantime, it has been left to smaller aircraft to fly
the flag for carbon-neutral aviation. In June the European air

Electric aspirations

The constant tightening of CO- emission regulations and city-centre

safety regulator awarded the world’s first certification for an
electric aircraft: Slavenia's Pipistrel Electro Velis, a two-seater
trainer capable of an 80-minute fight time. California-based
ZeroAvia has already test-flown a commercial-scale six-seater
under electric power from a base in the UK, and longer term it is
planning a medium-range passenger plane incorporating fuel
cell power and, for 2040, a 200-seater with a range of 5500 km.

Thousands of
aircraft remained
grounded during the
lockdown months

desires and enable our customers to go on extraordinary journeys”.

access rulesis prompting luxury-car makers to fallinto line with volume
manufacturers and offer electrified models - or at least enough promise
ofthem to keep customersloyal.

Bentley, for one, showed a battery-powered sports car concept
some years ago and has now announced its participationin the Octopus
programme to develop advanced e-axles for electrified vehicles. This
unit, says the company, will appear on the first all-electric Bentley in
2026, with the first hybrid Bentayga coming in 2023.

Cadillac, meanwhile, is promotingits Lyrig show carasan
ambassador for awhole portfolio of “transformative” EVs which,

says Steve Carlisle, executive vice president and president, GM North
America, “will deliver experiences that engage the senses, anticipate

The production Lyrig SUV will debut in 2022 and features GM’s Ultium
propulsion system that delivers ranges of over 500 km from its 100
kWh capacity, and which can accept DC charging rates of up to 150 kW.
In contrast to previous designs, the Lyriq will use an all-new modular
platform purpose - designed for battery power.

Evensupercar maker McLarenisin onthe act: its newly revealed
lightweight carbon architecture will underpin new models from 2021
and enable a transition to 100 percent electric sports cars by 2035.

But for environment-conscious customers who find the McLaren
or the Cadillac a shade too modern, there is always the alternative of
an electrified classic Rolls-Royce from Lunaz [pictured] - starting at
£350,000 before taxes.

6 RQ-Q3-2020



A bidding war is in full swing amaong automakers and battery
manufacturers to be the first to offer a range of more than 1000
kilometres.

Next year’s luxury Mercedes-Benz EQS, the all-electric
companion to the new S-Class, is expected to claim a range of
700 km on a full charge, while China’s Lucid Air sedan, also due
next year, will go one better with a claimed range of 833 kman
the US EPA test cycle, which is regarded as tougher than
Europe’s new WLTP.

While CATL, a supplier to Mercedes-Benz, BMW, Tesla and VW, is
one of the major players in the battery sectar, Chinese automakers
BYD and GAC are backing slightly different technologies. BYD’s
lithium iran phosphate is claimed to offer better fire protection than
lithium ion, and will give 600 km in the new Han sedan, and GAC’s
silicon anode chemistry has better energy density (at a reported
275 Wh/kg] and the potential for a 1000 km range.

In addition, Bloomberg reports that CATL is ready ta market
a powerpack that has a lifespan of 18 years and 2 million km,
opening up important opportunities for second-life applications
and animprovement in its lifetime carbon impact. This autumn,
the European Commission will publish its proposals for
sustainable batteries and a circular value chain for all batteries.

Sustainability gains
ground in auto plans

BMW CEQ Oliver Zipse declared himself “cautiously
optimistic” about the group’s Covid-hit 2020 performance
but, more significantly, he signalled a raft of measures aimed
at cutting, by 2030, one-third of CO: emissions across the
complete product cycle from manufacture, through use, to
end-of-life dismantling.

Seven million electrified BMWs would be on the roads by
2030, he added; two-thirds will be fully electric models, of
which there will be 12 or 13 by 2023. BMW's ‘Power of Choice’
would give buyers the option of diesel, gasoline, plug-in hybrid
or fully electric propulsion in most of the firm’s model lines.

Honda, which is one of the five automaker groups to
have sided with Californiainits legal battle over preserving
environmental standards, is targeting a 50 percent reduction
inits CO: footprint by 2050 and has signed a memorandum
of understanding with GM cavering the sharing of platforms,
powertrains and technologies. The two groups already have
anagreement on EVs and fuel cell systems.

VIEWUINT [ 2

DC interconnection could help

speed EV rollout

Michael Feasey, DC Share project manager,

Ricardo Energy & Environment

The UKisjust one of the governments
around the world setting increasingly
ambitious targets to achieve net-zero
carbon emissions, and attention is
naturally turning to decarbonizing

the electricity grid and using the

new greener energy for applications
traditionally consuming fossil fuels.
Road transport remains a significant
contributor to the nation’s greenhouse
gas [GHG) emissions, with the UK Office
for National Statistics estimating that
it contributes around one-fifth of the
country’s emissions. Yet data suggests
that a mere 0.5 percent of the vehicles
in service are zero emissian electric
vehicles [EVs]).

Apart from the general public’s fear
that they will be unable to charge their
EVs while on long journeys, another
reason for the continued low uptake of
EVs remains the fact that large sectors
of the population do not have off-street
parking and so are unable ta charge
their vehicle at home overnight via a
standard 7kW domestic charging point.
Instead they would be required to drive
somewhere for extended periods of
time just to charge their EV.

To encourage more of the general
population to purchase EVs, a more
efficient and widely available charging
regime must therefore be introduced
providing hub facilities more akinto a

petrol station ‘quick fill-up’ environment,

giving EV users complete confidence
that they can connect their car and
receive a full recharge in a matter of
minutes via rapid chargers typically
providing LO0kW+ of power.

To provide this confidence, rapid
EV charging points should ideally
be deployed in hubs located near
population concentrations and alsoin
locations which attract a significant
throughput of visitars, such as within
our town and city centres. However,
given that each hub will comprise many
rapid EV chargers, the total load will be
considerable when all rapid chargers
arein use at the same time. This may.
simply not be possible to provide from
a single substatian, given the capacity
restrictions prevalent within our already
congested urban power netwaorks.

Inan effort to avoid the cost of

significant power network reinforcement
and/or new substation builds, the

DC Share project aims to trial the
intercannection of several distribution
substations with differing load profiles.
This will enable available spare capacity to
be extracted at any paint in time and, after
being efficiently converted from AC to BC,
be transported around a OC cabled ring

“Rapid EV charging
points should
ideally be deployed
in hubs located
near population
concentrations”

to provide network reinforcement should
any intercannected substation become
heavily loaded and/or to provide power for
the rapid EV charging points. For example,
if four distribution substations were
interconnected with an average spare
capacity between them of 1MW, then up
to ten rapid (100kW] EV chargers could
be connected without the need for castly
asset replacements.

The DC Share project’s aspirationis,
therefaore, to demonstrate that significant
pawer that might otherwise remain
unused can be extracted from the existing
power distribution assets to provide large
numbers of rapid EV charging points, and
also assist in network equalization should
certain substations become heavily
loaded at any time. Such a local BC ring
would also permit the future connection
of Distributed Energy Resources [DERs]
such as solar and wind generation, or
battery storage systems, all of which
may assist in providing and storing power
where itis needed in congested urban
environments.

InJuly 2020 DC Share announced
that the trial installation will be located
in Taunton, Somerset. It will be
commissioned during 2022, followed
by a 12-month period of evaluation
before being handed over for longer term
commercial use - and ideally will provide a
template for urban public charging that will
boost EV take-up.
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Closing the carbon circle

Everyone is familiar with those Blue Planet images of marine life

being devastated by waste plastic, eight million tonnes of which

is tipped into the oceans each year; overall, failing to recycle

plastic costs global industries $120 bn a year. But, as Dr Markus
Steilemann, CEO of leading polymers producer Covestro, tells lan
Adcock, the concept of the circular economy can reduce this waste
and close the carbon cycle

When will Covestro become a fully circular

producer, and what does this entail?

Over the next decade we are planning to broaden our alternative
[range of ] raw materials and, together with our customers, we
will develap joint solutions for circularity. Becoming fully circular
means mare than recycling end-of-life materials: we aim to fully
close the carbon cycle, preventing CO= escaping from the cycle,
and depending purely on alternative, renewable feedstock. In the
long run we will avoid sourcing virgin fossil raw materials, either
in production or as feedstock for energy generation ta run our
operations.

How long will this take?

It will take time, and it will also depend on how quickly the external
infrastructure develops to support a circular economy. It will also
be influenced by the appetite and demand for circular solutions
hothin the value cycle and fram the end consumer, as well as

by how quickly the market and regulations move in the same
direction.

How will you demonstrate this progress?

To make sure that circularity isimplemented throughout the
whole company we will underpin our ambition with tangible
targets, allowing us to measure our progress and apply key
performance indicators to steer Covestro on all levels towards
circularity. To achieve full circularity we foresee significant
investments in circular economy [CE] related activities aver the
next decade and beyond.

Can you detail the steps involved in this strategy?
By the end of 2020 we will have more than 25 R&D projects on
recycling pathways in the pipeline. We are currently investigating
the option to build a semi-industrial pilot plant to recycle
polyurethane foam, concentrating on soft foam - but rigid foam
is another potential area for these recycling efforts.

Renewable energy is a strategic pillar of our CE approach and

in the long run we will power our operations purely by renewable
energy. Covestro has taken the first decisive steps to build
arenewable energy supply in addition to an alternative raw
materials portfolio. By purchasing renewable power and through
our investments in self-generated renewable energy we will lower
our Scope 2 emissions towards a climate-neutral power supply. In
addition, alternative raw materials and joint solutions are already
part of Covestra's daily business.

You have said that plastics are ‘far too valuable

to be thrown away’. Can you put a value on that annual

global wastage figure?

Thisis a challenging question, and the answer depends on
whether we are talking about [plastic] having a monetary value
like other forms of raw materials. It will depend on market
demand, on regulations like carbon taxes and on other external
framework conditions. However, these are not the only value-
defining criteria, as plastic that isn't thrown away but finds its way
back into the economy can replace virgin fossil materials.

You talk about innovative raw materials in addition

to CO.. What are they?

Theoretically, many alternatives to crude oil are conceivable.
There are more waste gases than CO-: carbon monoxide (CO])
or methane (CHa), for example. Beside waste gases, end-of-
life materials and sustainable biomass are very promising
feedstacks. Covestro is also looking into using hydrogen as a
raw material for production. We are convinced that alternative
raw materials are needed to fully unlock the circular ecanomy
potential of the chemical sector.

Won't these new materials be more expensive?

And won't this be a deterrent to their use?

Mare expensive in this case is not equivalent to a single manetary
value. The range of chemical products is far too wide to give a
concrete figure far every one. In general, mare modern techniques



are more expensive in the early stages of development, as R&D
requires large sums of maney.

Canyou give more detail on the pan-European collaboration?
We are callabarating with several partners from industry and
science in EU-wide projects ta drive the circular economy, and
same, like Carbon4PUR and PUReSmart, are publicly funded.
Ouraimis to establish new, value-creating co-operations with
our customers and partners. As part of the EU Circular Plastics
Alliance founded in 2018, Cavestro collaborates with numerous
organizations that help push plastic recycling forward throughout
Europe. The Alliance, which was created by the European
Commission, brings together 100 partners fram across the value
chain. These include plastic manufacturers and processors like
Covestro, large retailers, and waste management and recycling
companies.

Is there not a conflict of interest with food production
when you use biomass for coating processes?

We use a halistic approach as outlined in the German and
European bio economy strategies, for example. These aim to
ensure food and resource security for a growing population,

in parallel with economic and ecological sustainability.
Unguestionably, the reliable production and supply of food has
the highest priarity. When discussing the use of hiomass as a
renewable feedstock for industrial purposes, the crucial issue

is the availability of arable land - but not at the expense of food
crops. We believe that it'simportant to use the warld’s arable
land with maximum efficiency, at the same time as ensuring
sustainable cultivation. In parallel with the efficient use of first-
generation biomass, we are also evaluating the use of waste
biomass as an alternative feedstock. According to the European
Bioplastics Assaciation, in 2019 only 0.02 percent of the globally
available agricultural land was used for bio-based plastics.

Toyota’s LQ concept
car, revealed at the
2019 Tokyo motor
show, was developed
in conjunction with
Covestro’sinnovation
centreinJapan

What are the pros and cons for mechanical recycling

versus chemical recycling?

Today recycling is still a challenge because plastics are
inseparably mixed. So far, mechanical recycling is the only
available industrialized and commercialized recycling solution. Itis
proven to be a profitable technology with much lower investment
costs compared to other recycling methods. Chemical recycling
is still at an early stage of development, but we regard paositive
results as quite achievable.

Will Covestro develop into a plastic recycler for others?
Andif so, when?

On the one hand, we are primarily focusing on finding solutions for
the recyclability of our own materials and polymers. On the other
hand, we want to continue to build an alternative raw material
base for our production, therefore becoming independent from
virgin fossil raw materials. This could also mean developing
recycling technologies for other materials through which we could
derive the building blocks of our own raw materials. In the long run
we will become a reducer’, recycling end-of-life materials in order
to continue as a producer of high-performance materials.

Interview

“The transition to a truly global circular
economy requires commitment fromall

parties: governments, business and society,
all participants in the value cycle and, of
course, the end consumer”

RQ-0Q3-2020 9
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Toyota LQ concept
interior (cbove)

uses new Covestro
polyurethane
composite materials
incorporating

Kenaf fibres, while
the transparent
polycarhonate for
Mercedes’ new E-Class
headlamp [right]is
aCovestro-Neste
co-operation to
promote the use of
raw materials from
sustainable sources

How long before all Covestro products will be sustainable?
Inthe long run we want our production ta be a fully circular
stream, based on alternative and renewable raw materials. When
this will be achieved depends on strategic decisions that ensure
that the company continues to steer fully in the direction of
circularity. It also depends on how quickly the external framewark
develops towards a circular economy and how quickly the market
and regulations move in the same direction. As a marker, we have
set ourselves the goal of demonstrating a track record by 2030.

How can Covestro encourage other industries to follow
itslead? Are others coming to you for advice and help to
circularize their business or industry?

We exchange ideas with customers about our innovations and
always strive ta develop new solutions in collaboration with those

Cardyon: the sustainable polymer
that'smade from CO-

What links a pair of socks, the sub-strata of an artificial hockey pitch, and
amattress? On the face of it, they have little in common - except that they
formed part of Covestro’s display at last year’s K 2019, the world’s largest
plastic and rubber exhibition, held in Diisseldorf, Germany.

The common ingredient is a new polyol called Cardyon. This is partly
based on the use of CO: as araw material, a process that has been under
development with Aachen’s Fraunhofer Institute for the past eight years.

The CO: is captured from coal-gas flue stacks using conventional
scrubbing technology before undergoing chemical transformation into
the plastic polymer. How this is achieved is something that Covestro and
its partner are keeping a closely guarded secret, admitting only that itis
done using a relatively small amount of energy - despite the fact that CO-
has previously been described as a “sluggish” gas that needs “quite alot of
energy to getitreacted”.

However, Covestro’s Dr Marc Schiitze conceded that any emitter of CO-,
such as acement works, could equally be a source of raw material.

Currently the CO: is replacing 20 percent of the traditional oil-based
feedstock in the new material, but this could be doubled to 40 percent, said
Schitze: “It’s the difference in viscosity between milk and honey, and this
sets a challenge for the manufacturing process. But there’s no reason why
that shouldn’t be overcome in time with further developments.”

According to Schiitze, there are enquiries coming in from other sectors,
including the automotive supply chain - even though producing seating,
for instance, using this new material could prove challenging given that
production times and sequences are faster and more complex than those for

mattresses.

Currently, 5000 tonnes of Cardyon is being produced annually at
Covestro’s Dormagen plant, but the company predicts this will increase as
demand grows globally.

Atthe end of its working life, Cardyon is simply recycled and the process

starts again.

10 RQ-0Q3:2020

clients. In addition, we are represented in various R&D projects
such as Carbon4PUR and PUReSmart, warking with partners

on the best CE solutions as well as initiatives like the Circular
Plastics Alliance, the Alliance to End Plastics Waste, and the World
Economic Forum.

Is the circular economy concept applicable to

all manufacturing sectors or principally to the

materials industry?

The transition to a truly global circular economy requires
commitment from all parties: governments, business and society,
all participants in the value cycle and, of course, the end consumer.
Inafully circular system many aspects have heightened priorities:
these could be the durability of products in use, the efficiency of
the system with regard to greenhouse gas emissions, and the
avoidance of waste wherever passible. But the chemical and
plastics industries play a crucial role in bringing circularity into the
value cycle. Atruly circular economy should deliver on the shared
goal of climate neutrality. That is why the energy sector is very
important for a sustainahble and circular world.

At the end of the day isn’t the circular economyjusta

fancy name tag for recycling and sustainability?

Afully circular economy is one that is more than simply
sustainable and, in particular, it is more than just recycling. Itis a
new way of thinking about production and products. It is na longer
acceptable to do business, whether that business is sustainable
or not, in linear value chains that depend on fossil raw materials
with massive negative influences on the enviranment and society.
Atruly circular economy doesn't let valuable raw materials like
gas and end-of-life-products leave the circle. That's how we will
replace the critical fossil raw materials. Our vision - to become
fully circular - is the only plan bold enough to properly address the
challenges we are facing. @

Biography:

Dr Markus Steilemann has been chief executive officer of Covestro
since June 2018. His area of responsihility covers strategy,
sustainahility, personnel and communications. After graduating
with a PhD in chemistry from RWTH Aachen University, Steilemann
began his career with the Bayer Group in 1999. From 2008 he held
various management positions in the polycarbonates business
unit at Bayer MaterialScience, the predecessor company of
Covestro. Between 2013 and 2015, he headed the business unit
headguartered in China. Returning to Germany in 2015, Steilemann
joined the Covestro board of management, with responsibility

for innovation. In addition to this role, he became head of the
polyurethanes business unit in the following year. In 2017, he
became chief commercial officer before being named CEO in 2018.
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Counting the cost of

arbon

Advances in technology are not the anly means of reducing the emissions of
greenhouse gases and slowing the pace of dangerous global heating: legal, financial
and trading structures are equally vital in the battle to keep carbon emissions in
check. Tony Lewin speaks to Ricardo experts on the frontline of bringing nations
together in international mechanisms aiming to rebalance the global climate

Carbonis everywhere - quite literally. Not
just at the top of every news bulletin or

all over our newspaper front pages, but
in plants, trees, animals, in the sail, the
seas and oceans and, most critically for
our climate, inthe air. And it is the fast-
accelerating concentration of carbonin
the atmaosphere thatis the central cause
of climate change - which many believe is
the higgest existential challenge ever to
confrant humanity.

Many years of political and diplomatic
negotiations, including the Kyoto and
Copenhagen agreements, culminated
in the 2015 Paris Agreement on Climate
Change, which finally achieved consensus
within the international community.
Drastic and sustained cuts in carbon
emissions would need to be made if the
doomsday scenario of runaway global
heating was to be averted, and all nations
needed to play their part.

“Being able to meet the Paris warming
target of 1.5 degrees requires a steep
downward trajectory in carbon emissions,”
says Mark Johnson, carbon markets
business manager at Ricardo Energy &
Environment. “What the Agreement did
was to create the framework and the
international political commitment to be
achieving that goal, through a process
where each government makes its awn
nationally determined contribution, or NDC.

RQ-0Q3-2020 11
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Carbon markets

Carhon pricingin numbers

61 carbon pricing initiatives A 1
implemented/scheduled

“Being able to meet the Paris
{= «! warming target of 1.5 degrees
~  requires a steep downward
trajectory in carbon emissions”

Mark Johnson, carbon markets business

. 31ETSand
CE) 30carbon taxes
-+ Forthefirst phase, to 2030, thisis based on
q 9 46 national, the country’s economic circumstances and

32 subnational
jurisdictions

its capacity to make reductions.”

Despite the severe blow of President
Trump withdrawing the US from the
accord, the vast majority of the Paris
Agreement’s 197 signatory nations are on
board and carbon reduction has become
the keynote issue of our times. But while
the necessary carbon-descent trajectary
is plain for all to see, haw the burden will
be shared is still an intensely political
guestion, laden with ecanamic, societal
and individual consequences that will
affect millions, if not billions, of people and
the lifestyles they lead.

Yet, as Johnson readily concedes, even
with the first round of promised national
reductions aggregated together, the
combined total was never going to be
enough to achieve the 1.5-degree target.
The expectation has always been that the
pace of those reductions will need to be
stepped up substantially to keep carbon
in check: already eight countries have

Covering 12 GtCO:e
(22% of global GHG emissions)

Uss4s billion raised in
carbon pricing revenuesin 2019

.. Morethan 14,500 registered
crediting projects to date,
generating almost 4 billion tCO-e
of cumulative carbon credits

Forestry sector credits make

up 42% of all credits issued in
last five years

Turkey

piccredit:Rolis-Royceplc:

Ricardois leading a project to develop a climate change
law and legislation to pilot an emissions trading
system in Turkey. This World Bank-funded work will

be important to help Turkey take forward its climate
change mitigation and adaptation plans, even though
Turkey has not ratified the Paris Agreement.

We have studied successful approachesin other
countries and carried out a gap analysis in Turkey, so
thatwe develop an approach to the legislation thatis
comprehensive and fits well with existing energy and
environmental laws in the country. We have defined the
roles of government institutions toimplement and oversee
each aspect of the carbon market as well as establishing
how anindependent committee can provide expert high-
level advice to the government on climate change matters.

Stakeholder engagementis akey part of the project
and we have held many workshopsin Ankara and lately via
Zoom to gather the wider views of private
and public sector practitioners.

EnergyPackswill serve
aspowerreservesand
grid support

Florianne de Boer, senior consultant, is
leading this work, drawing on carbon
market and legal experts within Ricardo.
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manager, Ricardo Energy & Environment

submitted updated NDC targets and two
moare are at the proposal stage.

Instruments for

carbon control

Many of the lower-level measures for
driving down carbon emissions are already
in operation: consumer product labelling
and standards that encourage energy
efficiency; taxation on fuels and congestion
charges forinner-city zones and state
support for low-carbon innovation. The net-
zero carbon targets announced by many
governments and businesses have brought
added focus to theissue, andin several
countries products are now taxed on their
notional carbon content.

Less obvious are the behind-the-scenes
mechanisms that are contributing to
greenhouse gas (GHG) reductions and the
targets set outin the Paris Agreement.
Many countries, regions and economic
blocs are determining their own targets,
establishing policies, incentives and
timetables for individual industries to




cut theiremissions, and monitoring and
verifying the reductions actually taking
place. And at the care of enabling these
mechanisms ta function smoathly and
transparently is the concept of putting a
value on every tanne of carbon emitted,
saved or captured.

“Carhon pricing is one of the most
impartant mechanisms we have,” says
Johnson. “It warks by sending out an
ecanomic signal and it provides the
incentive for emissions to be reduced
wherever itis cheapest todoso.”

The comman currency of a carbon
price is already allowing trading in carbon,
most notably in the EU’s Emission Trading
Scheme (ETS], but elsewhere too. Emitting
industries must purchase allowances
(EUAS] to enable them to emit carbon;
the cost of these allowances is passed
onto the end customer in the form of
higher prices. Taking the example of the
electricity generation sector, the higher
consumer prices then make it even more
advantageous for zero-carbon energy
suppliers - who will not need ta buy
allowances - toinvest in additional and
improved generation capacity.

By capping the number of allowances
issued, authorities have a tool to effectively
limit the total amount of carbon emitted in
any given period. In some variations of the
trading mechanism, low-carbon producers
can be allocated credits which they can
then sell to higher-emitting businesses. In
addition, further markets are evolving in

carbon futures and carbon derivatives.

Already, around half of Europe’s GHG
emissions are covered by the ETS scheme.
It encompasses the maost carbon-intensive
heavy industries, such as power generation,
steeland cement, glass and even some
aspects of transport such asinternal EU
aviation. Trading systems in general can
also provide credits for removing carbon
from the atmosphere through schemes
such as forestry or carbon capture
and storage (CCS); the proportion of
remavals is still small, but is set to grow as
technologies improve. Globally, according
to the World Bank, some 22 percent of GHG
emissions are cavered by ETS or carbon
trading schemes.

The Paris Agreement also makes
provision for the trading of allowances
between nation states, so countries
such as Suriname and Bhutan, which
are both net absorbers of carbon rather
than emitters, have the oppartunity to
be rewarded for their favourable GHG
performance.

Carbon leakage and the
limitations of markets

Carbon cap-and-trade systems have

been shown to wark well when it comes to
heavy industries in fixed locations: across
Europe, GHG emissions from these sectors
have fallen by maore than 16 percent since
the ETS started in 2005. But for ohvious
reasons the systemis less effective when
anindustry straddles the borders of many
jurisdictions, as in the case of aviation. How,
forinstance, should international carrier
Air France register its transatlantic flight
emissians?

Though airline emissions are still
relatively small at 2 percent of global GHG
output, the steeply rising trajectory of air
travel has raised alarm and has led to the
establishment of another form of carbon
control - CORSIA, or the Carbon Offsetting
and Reduction Scheme for International
Aviation. This is the first sector-specific
global agreement and is designed to allow
theindustry to continue to grow, but only
on a carbon-neutral basis - see panel
[right]. Work on an entirely different parallel
scheme for the shipping industry isatan
earlier stage.

A potentially bigger limitation of regional
or even continent-wide carbon trading
schemesiis the problem of carbon leakage,
as Mark Johnsan explains:

“Take the example of the EU’s steel
sectar, which needs toimprove its carbon
performance in order to be part of the
EU's reduction trajectory. Overall system
emissions are capped, so thisimpases
extra cost and makes European firms less
competitive compared with producers
in other countries - China, for instance -

Carbon markets

Keeping control of
airline emissions

CORSIA, or the Carbon Offsetting and Reduction
Scheme for International Aviation, is a plan developed
by the International Civil Aviation Organization to stem
the rapid rise in airline emissions since business and
leisure air travel took off in the 1990s. It is the world’s
firstinternational sectoral carbon stabilization
commitment and is set to enter its pilot phase in 2021
and become mandatory from 2027 onwards.

However, because of the Covid-19 pandemic and
the slumpin air travel this year, 2020 may no longer
be taken as the baseline year, and the implementation
timetable may change as aresult.

Airline operators are already required to monitor,
report and verify (MRV] the CO: emissions from
their aircraft; these values can take account of any
sustainable fuels used. As the scheme gets under way,
airlines will be required to purchase approved CO:
offsets to cancel out their own GHG emissions for each
particular year. An elaborate growth factor formula
will allow for airline mileage to increase, as long as
thisincrease is matched by greater efficiency or the
inclusion of sustainable fuels to keep overall GHG
emissions at baseline year levels.

Several nations, such as Jordan, Argentina and
Columbia, are engaging with Ricardo to evaluate the
potential provision of carbon offsets suitable for the
CORSIA scheme.

South Americaand Jordan

The Paris Climate Change Agreement envisages
cooperation between countries as they reduce their
emissions. In particular, Article 6 of the Agreement
allows for the trading of mitigation action (ie emissions
reductions) between countries, so that those with high
potential could make greater reductions and receive
payments from other countries for doing so.

This opportunity is interesting for many
governments, but they must be careful as the
emissions savings they trade will be attributed to the
buyer, so they need to make sure they meet their own
commitments for emission reductions first, and only
trade the extra savings.

Ricardois helping many governments to understand
how toimplement Article 6 including the processes they
need to putin place to account for and trade the emissions
savings. We are also helping them understand how the
savings they make could be sold under
the CORSIA system for aviation. We
have supported Argentina, Colombia
and Jordaninthese areas.

Marianna Budaragina, senior
consultant, has led these projects.
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where carbon emissions are cheaper.”

It could then follow that less steel is
made in the EU and more in China. And
if Chinese steel plants are less efficient,
warns Johnsan, this will actually push
global emissions up, “which isn't what we
want”, These global disparities in carbon
pricing also risk distorting the siting of
international investment: in the absence of
an agreed international price for carban, the
closer alignment of the various jurisdictions
would be a positive step.

Why is the price of

carbon solow?

Given that emitting carbon to the
atmosphere is the root cause of dangerous
climate changeg, it is legitimate to ask why
the price of carbon is so low. In principle,
the carbon price in any jurisdiction will

be determined by how expensive it is for
the localindustries to meet their carbon
targets - so the looser rulesin, say, China

waould lead to a lower price per tonne in
that market. The problems come, aswe
saw above, when the differentials are so
large that they influence decisions on
procurement and investment.

The IMF has estimated the average
carbaon price around the world at just $2
per tanne of CO= equivalent (tCO:e). This is
somewhat cancerning in the light of the
independent High-Level Commission on
Carbon Pricing’s calculation that carbon
prices of at least $40-80 per tCO:e by 2020
and $50-100 by 2030 are required to cost-
effectively reduce emissionsin line with the
temperature goals of the Paris Agreement.
As of today, reparts the Warld Bank, less
than 5 percent of GHG emissions currently
covered by a carban price are within this
range, with about half of covered emissions
pegged at less than $10.

These low prices, notes Johnsan,
have little to do with the carbon pricing
mechanisms themselves: “Instead,” he

says, “they reflect low levels of government
ambition. Ifit'sa carbon tax, thenit'sa
treasury decision - what that government
sees as the price necessary ta drive the
emissions reduction outcome that it wants;
thisis also coupled with the political and
economic willingnessto pay. Ifit'sona
trading system, then the price emerges
from the cost of meeting the particular
carbon budget.”

The marked difference between
countries is explained by the level of
climate ambition displayed by each
nation, suggests Johnson. With a carbon
price pegged at almost $120, Sweden
places a very high value on reducing GHG
emissions, and its citizens are prepared to
accept the cost; countries with heavy GHG
emissions from legacy industries hardly
value carbon at all. Local and regional
trading schemes evalve their own prices,
and many are clustered around the $15
band, with the EU's ETS rising steeply past
$19 as of April 2020.

A possibleinflection point was noted
by the Financial Timesin June this
year. “Although at the current levels the
benchmark EU [carbon] Allowances contract
is still below its all-time high of €30, in
anather sense EUAs have in the past two
weeks traded higher than ever befare,” the
paper reported. “Thisis because for the first
time in their 15-year history, EUAs are now
trading abave the upper end of the so-called
fuel-switching range — the range in which
EUA pricesincentivize less carbon-intensive
gas plants to displace more carbon-
intensive caal plants.”

Strong commitments needed
The significance of the EUAS' recent
upward trend is clear. Even a widespread
switch from coal to gas will nat be enough
tokeep emissions on track to the EU’s
declared net-zero target by 2050: carbon-
reduction investment must shift into other
technologies and other sectors.
But the EU is an exception: itis a highly
organized and regulated market, and
ane with a clear Green Deal pathway
towards net-zero GHG. The EU’s strong
commitment to carbon reduction is
supporting the ETS and its derivative
markets, and most of the mechanisms can
be seen to be warking effectively.
Regrettably, however, that is not yet
the case everywhere in the world. For
global decarbonization to gather the
necessary momentum, what is now needed
is for governments to engage with the
international co-operation mechanisms
already in place, most of them defined
by the Paris Agreement. And itis here
that Ricardo specialists are most active,
assisting governments as far afield as
South America, South Africa, Turkey and



“What will be interesting to see is how the
markets evolve over a five-year timescale
as a result of the present pandemic”
Mark Johnson, carbon markets business
manager, Ricardo Energy & Environment

Jordan in developing climate-change
law, strategies for transport, for carbon
markets, and for taxation and offsetting.
The key to all these initiatives, asis clear
from the accountsin the hoxes on pages
12,13 and 15, is to enable governments ta
participate more fully in bath internal and
international carbon-reduction protocals;
nevertheless, many emerging economies
have conflicting priorities such as the
alleviation of poverty, and their embracing
of the Paris processes may be slower than
that of richer nations with greater capacity
to make the necessary reductions.

Parallels with financial
accounting

After many years of holding back, the
business community is now beginning to
accept the need to reduce itsimpact anthe
global environment, acknowledging that
this requires monitoring and disclosure

as well as low-carboninvestments and
even divestment away from fossil fuels. In
2015 the Task Force on Climate-Related
Disclosure drew up its guidelines for
corporate reporting of future risks related
to climate change (see RQ Q1 2020], and
Ricardo has worked actively since 2012
with the World Bank’s Partnership for
Market Readiness, which seeks to bring
together innovation and funding to suppart
capacity building and the scaling up of
climate change mitigation actions.

Also founded in 2015 is the originally
Dutch-based Partnership for Carbon
Accounting Financials, which is expanding
globally and will launch harmonized and
transparent global carbon accounting
standards in January 2021. Paintedly, on
its website it observes that since the Paris
Climate Agreement the largest banks
have stillinvested nearly $2 trillion into the
fossil fuel sectar. This, said the PCAF last
year, is equivalent to $2.4 hillion for every
working day since the end of 2015, with no
downward trend and no assessment of the
carbonimpact of that finance.

However, recent fossil-fuel divestment
decisions by some financial institutions
may begin to reverse that trend, as may the
net-zero pathways announced by some of
the major oil companies.

What next?
The direction of travel for carbon markets is
clearly towards a much greater prevalence,

where they will draw in fresh sectors and
increase the scale of their ambitions.
Itislikely, says Johnson, that carbon
instruments will become more substantial
over time as countries need to deliver mare
change and carbon prices rise.

“Forawhile now,” he explains, “there
hashas been a trend away fromthe
economically pure vision of carbon markets
only as a price signal, and towards a mare
nuanced view where gavernments have
abigger role in protecting industries and
supporting research andinnovationina
way thatis pragmatic but not necessarily so
free-marketideal.

“We have already seen thisin the
respanses to the financial crash of 2008,
when the carbon market didn't work so
welland had to be reformed,” he continues.
“What will be interesting to see is how the
markets evolve over a five-year timescale
asaresult of the present pandemic.”

As the more advanced economies
make progress towards their net-zera
GHG targets there will clearly be amuch
greater role for carbon markets in creating

Ambient air
—_—

Geothermal power plant

Heat
Water

Carbon markets

South Africa

South Africa hasimplemented an ambitious carbon tax
programme covering all sectors of the economy. To help
encourage low-carbon investment within industrial
sectors and protect them from carbon leakage,
businesses that meet carbon performance benchmarks
will receive a reductionin their tax liabilities.

Ricardo has carried out many studies concerning
industry benchmarks and has recently been commissioned
tocarry outacritical review of the benchmarksin South
Africato ensure they are realistic and robust measures
of good carbon performance. We will be gathering and
assessing industry data and helping the
National Treasury with a plan to make any
improvements to the benchmarks
thatwill be needed over the nextyear.

Chris Green, associate director, is k
leading a team to deliver this work. - .

incentives for carbon remavals. Carban
pricing provides enormaus potential for
contributing to international efforts to
meet the Paris Agreement goals to limit
global heating - but, equally, there is a huge
amount of work to do thisinaway thatis
equitable, that recognizes each country’s
own circumstances and which avoids
challenges like the risk of carbon leakage.
Anditisinthese areas that Ricardois
especially active in helping to shape that
all-important political agenda. @

Negative emissions: Audiisworking
with Switzerland’s Climeworkstobuild
theworld’slargestdirectaircapture
and storagefacility for converting
atmospheric COzintorock. Thefacility,
inlceland, will sequester 4000 tonnes of
carbondioxide fromtheaireachyear

Climeworks

CO:free air

Concentrated CO-

Underground basaltic rock formation

f Hotwater

CO0:Capturing
Facility for converting atmospheric CO: to rock
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improvementsin efﬁcneney eemparedwrth
the separate production of conventional
electricity and thermal energy. According
tothe United States Environmental
ProtectionAgency (EPA], the average
efficiency of the country’s fossil-fuelled
power plantsis just 33 percent, meaning
that a full two-thirds of the energy used to
produce electricity is wasted in the form of
heat discharged to the atmosphere.

GHP plants act asa combined production
systemforboth electricity and thermal
energy, for example for district heating
sehemes or for industrial processes requiring
heat; thisallows them to achieve total system
efficiencies, according to EPA figures, of
between 60 and 80 percent for producing
electricity and useful thermal energy. Some
systems achieve efficiencies approaching
90 percent. Mareover, as CHP systemsare
typically developed at a scale appropriate
tatheimmediate demands of an industrial
facility or local community, they can alsoavoid
the transmission and distributionlosses and
capital costs that would otherwise beincurred
through centralized power generation
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Yet, continues Mistry, biomass alsghas a
major role to playin the morelocalized CHP
sector; “nthe UK, major multi-gigawatt power
plantsshaw that alongside nuclearenergy:
and renewables such aswind and selar,
hiomass can play an extremelyvaluable role
in reducing the carbonintensity of grid power
supplies. Butwe also need tafocus on smaller-
scale co-generation technologies, forin many
industrialized societies the greaterimperative
is the challenge of achieving net zero through
decarbonizing heat.”

While canventional large-scale power
and CHP plants use the conventional
steam Rankine cycle, current small-
scale CHP installations are often based
upon the Organic Rankine Cycle [ORC).
Rather than using water as the working
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Pyrolysis and FLOX
combustion

Based near Portsmouth.an.England’s
south coast, Bluebox.Energy.isa
specialistinhot airturbemachinery. The
company has developed a CHP-concept
that promisesimproved efficiency and
lower installed costs than eurrent ORC
systems. But that’s not all: the concept
also sequesters approximately 50
percent of the carbon content absorbed
by the timber during its growth, and
delivers it in the form of a potentially
valuable by-product: biochar,

In the Bluebox concept, the biomass fuel
is pyrolyzed rather than combusted. This
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is sequesteredin

the form of biochar,

separated from
the fluegas

sustain rown -
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is done by heatingitto a temperature

at which it decomposes to form a
combustiﬁlegﬁfheéis gas, together with
residual.carbonbiochar as a by-product.
The syngas produced through pyrolysis
is then fed-toa flameless oxidation
(FLBX]} eombustor. Asmall proportion

of the heatreleasedis used to feed the
pyrolysis process, while the remainder’

is used, via a heat exchanger, to feed a
turbo-compressor and power turhine to
provide clean hat air and electrical power
respectively. Some of the clean hot air

- '3{;1 7

: “isusedto .['jry_t-_efelécﬂstock, while the

remainder s used for difect air heating
and industsial deying processes, or to
produce hotwaterorsteam supplies.
The flue gas produced by the FLOX
combustor is.alreadyvery low-NOx

by virtue of the lower temperature

of the.combustion. Itis then passed
through electrostatic filters to eliminate
particulate matter before being
exhausted to the atmosphere.

Key advantages of the Bluebox CHP

concept also include its competitive cost:

the turbemachinery system is based on
the use of commercially available off-
the-shelf components from the truck,
shipping and power generation sectars.
In addition to their competitive cost and
easy availahility, such components are
also well proven in terms of robustness
and reliability. This pragmatic use of
available compaonents is a major factor in
Bluebox Energy’s claim that its conecept
is between 20 and 40 percent cheaper
to build than competing CHP systems
based on established technaolagies. b
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Valuable biochar

In the wider context of efforts to mave
towards net zero, however, one of

the most decisive advantages of the
pyrolysis and FLOX CHP concept isits
ability to sequester fully 50 percent of the
CO: contained in the hiomass fuelling the
process in the form of biochar. Biochar

is a product that the Intergovernmental
Panel on Climate Change (IPCC), as

well as the Royal Saciety and Royal
Academy of Engineering have since 2018
recognized as one of the key available
solutions for CO= capture in a chemically
stable form.

But biochar is much mare than just
an attractive carbon store and effective
carbon dioxide removal (COR] technalogy,
and has many potential valuable
downstream uses. According to the
European Biochar Industry Consortium,
such applications even include improving
the quality of canstruction materials
such as concrete or asphalt. Biochar
is also being actively investigated as
a soil conditioner for horticulture and
agriculture, and positive effects already
reported include improving plant health
through neutralizing acidity, providing
better water and nutrient retention -
especially in sandy sails - and improved
drainage and aeration. Due to its highly
parous structure, each hiochar fragment
also provides a hahitat for beneficial sail
microbes.

Biochar is also widely used as an
animal feed additive, particularly for
ruminants where it has been used with
the aim of reducing enteric methane
emissions, thus providing a potential
further greenhouse gas reducing henefit.
Despite its chemical stability and its
high elemental carbon content of up to
90 percent, not all biochar isidentical.
Care has to be exercised in the selection
of a pyrolysis feedstock appropriate to

;|
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The Bluebox CHP
systemasaCAD
model [right]) and synthesis gas,
asdeliveredtoa together with
Europeancustomer  residual carbon
(below).The biomass  biocharasa
fuelconsumedis by-product
pyrolyzed rather
than combusted,

decomposing to
provide combustible

the intended use of the biochar - for
example in the case of its use as a soil
conditioner, where it is vital to ensure
that the pH is acceptable. However, if the
inputs and outputs of the CHP system
can be balanced according to availability
of the feedstock, the electrical and heat
energy requirements and the intended
application of the resulting biochar, the
Bluebox pyralysis/FLOX system offers
considerable potential for net-negative
carbon emissions.

Collaboration with Ricardo

In June 2020 Ricardo and Bluebox Energy
announced that they had drawn up a
memarandum of understanding that

will see the twa companies collabarate
aninnavation in heat and energy
technologies. The agreement follows an
initial period of less formal collabaration
which, as Bluebox Energy CEO Jonathan
McGuire explains, has proven to be very
promising: “Even in the short time we've
been working together, we've already
seen a number of oppartunities for us
to develop innavative technology-hased
solutions that can drastically reduce
carbon. The combined expertise of both
companies will enable us to make the
ambitious carbon reduction targets
achievable. We're now looking forward to
making a real difference together.”

Post-combustion

carbon capture

The initial focus of the collaboration with
Ricardo is on the potential integration of
additional technalogies to the Bluebox
CHP system. These technologies would
have the potential to extract a significant
propartion of the carbon content of the
flue gas.

“The system as it stands already
captures a full 50 percent of the carbon
content of the biomass feedstock and
delivers thisin the form of a saleable by-
product,” explains Ricarda’s Dipak Mistry.
“Our next aim is to provide additional
technologies capable of capturing the
bulk of the carbon dioxide from FLOX
combustor exhaust.”

This, Ricardo contends, will provide the
opportunity to develop a fourth product



stream - commercial grade bottled CO-
that can be used in sectars ranging from
food and beverages to construction. This
could be sold through a well established
supply chain in other market sectors, and
would complement the CHP system’s
primary products of electrical power and
heat energy, and the existing by-product
of biochar.

A number of established technologies
are available for carbon dioxide capture
fram flue gas, each having different
efficiencies and capital costs. These
include separation methods such as
absorption, adsorption and membrane
technologies, as well as a proprietary
Ricardo concept hased on cryogenic
liquefaction and fractional condensation.
However, as Mistry explains, Ricardo
is keeping an open mind on the most
appropriate concept for this innavation:
“We are currently exploring a range of
candidate solutions that we believe could
increase the carbon capture from 50
toaround 90 percent. To achieve this,
we are evaluating a range of passible
technical solutions, including due
consideration of issues of IP protection
and potential commercial exploitation in
other sectors.”

Beyond zero carbon

The clear overarching theme of Ricardo’s
collaboration with Bluebox Energy is to
go beyond zero-carbon processes to
develop expertise in carbon-negative
technology.

Where biomass is sustainably
forested and harvested, there is
already the potential for extremely
low-carbon emission production of
electricity. Through the pyrolysis and
FLOX combustion CHP process that
Bluebox Energy has developed, aver
50 percent of the carbon absorbed
from the atmosphere as the timber

Carban capture
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“As there will clearly be many aspects of
modern life that are not amenable to a fully
sustainable future, achieving net-zero carbon
at a national or regional scale means that

we will also need technologies that are capable of
negative carbon emissions”
Dipak Mistry, Ricardo Energy & Environment

is grown remains sequestered in the
form of stable biochar. If successful, the
collaboration with Ricardo will see this
proportion increase to about 90 percent.
In addition to the immediate carbon-
negative CHP process, further indirect
greenhouse gas savings may well accrue
from the uses to which the biocharis

Sequestered carbon
dioxide canbe
separated and sold
asaby-product,
asinthecaseof

this US bioethanol
production plant

put. These could be in agriculture and
harticulture, or in the offsetting of the
energy that would otherwise have been
required to produce bottled CO- for the
food and beverage industries.

“As there will clearly be many aspects
of modern life that are not amenable
to a fully sustainahle future, achieving
net-zero carbon at a national or regional
scale means that we will also need
technologies that are capable of negative
carbon emissions,” concludes Mistry. “In
our collaboration with Bluebox Energy we
are committed to taking this challenge
forward, and demonstrating new and
innavative approaches to CDR technology
that can remove carban from the
atmaosphere while delivering improved
CHP performance.

“By applying truly multidisciplinary
technologies and warking across the
boundaries of established market
sectors and product lines,” he continues,
“I believe that we can make significant
inroads into decarbonizing the
production of electricity and heat and, by
doing s, help ta deliver a truly net-zero
future for society.” @
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N end to

Maximum range is the tap priority for attracting customers to electric vehicles, and
for engineers this translates into achieving the best possible efficiency of the whaole
drivetrain from battery to wheels. Ricardo’s innovative Integrated Model-Based

Development framewaork is ideally suited to the highly complex subject of electrified
vehicle thermal management, as Jesse Crasse reports

With electric vehicle buyers becoming
mare maney conscious, the recipe for
greater range is na longer just to add
bigger, heavier and costlier battery packs.
Instead, EVs can help meet end-user
demands by maximizing the efficiency of
their pawertrains, helping make the mast of
every kilowatt-hourin the battery.

Akey factor here is the efficient
thermal management of the whale suite
of xEV systems, X standing for all types

of electrified vehicle, from pure battery
electric vehicles to plug-in hybrids and
range extended EVs. As well as boosting
range, good thermal management can
significantly improve passenger comfort,
charging performance, battery durability
and the predictability of that range. This last
pointisimportant because range anxiety
and the difficulty of predicting available
driving distance over different routes and in
different weather conditions still remains a

big concern for many patential EV buyers.

Ricardo’s Integrated Thermal
Management approach to the design of xEV
systems focuses not just on the drivetrain,
but on the whole vehicle systemincluding
the cabin. The key to thisis the Ricardo
Integrated Model-based Development
Framework (IMBD] which takes into
account all onboard systems and the
impact they have as awhole on the vehicle's
total energy resources.



Electronic horizon
reduces anxiety
The EV market is reaching a critical paint
where range has begun to catch up with
affordability and lang-range EVsare no
longer the preserve of wealthy premium
buyers. EVs casting ~£35,000 are now
capable of around 450 km range on the
WLTP cycle and, as the cost of batteries
continues tofall, the price gap has heen
closing between EVs and their internal
combustion engine (ICE] counterparts.
Itis clear, therefare, that one of today’s
top engineering imperatives is ta make
better use not only of the energy stored
inan EV battery, but also to address and
exploit any latent thermal energy lingering
in drivetrain components and power
electronics. And thisin turn poses some
real challenges for automakers.

“We have anincreased level of
complexity in powertrain and heating
and cooling systems because we have
components that operate at different
temperature levels,” explains Dr Cedric
Rouaud, Ricardo global technical expert,
thermal systems. “The hattery operates
atatemperature close to that which
humans find comfortable, soit's almost
like having another passenger in the car.
But the power electronics and drive mator
operate at higher temperatures, so we see
complexity in hardware and control growing
tremendously.

“We have towark out how to couple
or separate cooling and heating circuits,
reuse waste heat and how to control them
depending on ambient temperatures and
driving conditions,” he continues. “We
are also looking at ways of explaiting the
satellite navigation system to reduce
energy consumption by onboard ancillaries
by knowing what might happen next on the
road.”

By taking data such as road type,
curvature and gradient from the satnav
system and combining it with cloud-based
dynamic data (such as real-time traffic
speed, variable speed limits and weather), it
is possible to see the future route in greater
detail, a so-called electronic horizon, and
use this to estimate and minimize energy
consumption.

How the process works
Under the IMBD umbrellaand using a
number of tools including Ricardo’s IGNITE
software, the powertrain (motar, power
electronics and battery], and HVAC (cahin
and heating and coaling systems) are first
defined as a model sub-system and their
parameters established.

The next stepistocreatea 10 base
maodel of the thermal system madel

Paowertrain
electrification

including the powertrain and vehicle. Known
asaplant model, it includes the coaling
circuits, HVAC and cabin, and the battery
and electrical system. Stage threeisto
generate a manageable Reduced Order
Model (ROM] for the simulation and analysis
of driving scenarios.

Finally, the ROM is aptimized to make
it capable of running in, or faster than,
real time when integrated into a physical
control unit.

Evaluating different
alternatives quickly

This approach makes it possible to
evaluate the many different technical
alternatives that might be used for a
particular task. For example, battery
caaling can be accomplished in a number
of different ways. Air coaling is ane, liquid
coaling with cold plates is another, and
further options are refrigerant cooling
orimmersion cooling where electranic
components - battery cells/bus bars,
MOSFETs, IGBTs, electric motor end
windings or stator slots - come into direct
contact with a dielectric coolant.

“In a quarter of the time it would
normally take, we can evaluate the
best cooling methaods for a particular
scenario based on all the criteria like
cost, packaging cooling and heating
requirements required for a particular
application,” says Rouaud.

And with the introduction of super-fast
chargers now bringing rates of up to 350
kW, the thermal management of batteries
is becoming increasingly demanding. “In
the next three to five years we will see cars
that can charge in less than ten minutes,”
he continues. “To do that we have to
develop new cooling methods such as
immersion cooling.”

With side plate (as used by Tesla) or

Ricardo’s modular
approachto
powertrain thermal
optimization extends
tothe complete
vehicle, whichis
critical for complex
hybrid vehicles -
thermal systems
controls models

are developed to
maximize efficiency

A modular approach allows complex
systeminteractions to be modelled within

the platform architecture
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Powertrain
electrification adds
thermal management
requirements

but also provides
opportunities for
more cost-effective
Integrated Thermal
Management [ITM)
solutions

Dr Cedric Rouaud, Ricardo
global technical expert, thermal systems

bottom cooling (as used by the Chevrolet
Volt and Porsche Taycan] the charging
rateislimited to 3-3.5C (the C-rateiis
ameasure of charge rate relative to a
battery’s capacity). Depending on the size
of the battery pack, that limits charge to
around 20-30 minutes.

“By using a non-electrically conductive
fluid, the coolant can be in direct contact
with cell connection tabs and bus bars,
massively improving the cooling capacity
and making it possible to charge at arate
of 4.5-6C for 8-10 minutes,” explains
Rouaud.

Typical fluids used for this purpose
are gearbox transmission ails or cooling
oils used in transformers. Although the
thermal conductivity of these fluids is
lower than that of water-based cooling
fluids, the overall cooling benefit is much
greater than a conventional cold plates
approach with ethylene-glycol water.

Latest to the market are synthetic
cooling fluids; although they are safer on
account of their non-flammability, they
have a lower heat transfer coefficient
than that of transmission or transformer
ails. However, their viscaosity is also less,
giving the advantage of higher flow
rates, so accurate madelling of the

relative performances is vital. Ricardo

is collaborating with the manufacturer
M&l on the development of these new
fluids as part of an Innovate UK-funded
project called I-CoBAT [Immersion-cooled
Battery], which started in June 2019 and
will finish at the end of 2020.

Preparetocharge

For high-power fast charging to be
feasible, the temperature of the battery
needs to be optimized en route, before the
car arrives at a fast charging station. This
is where the electronic horizon concept
has a major role to play.

The battery temperature needs to be
in the range of 25° to 30° Celsius for fast
charging to begin at the moment the car
is plugged in. If the battery temperature
is outside that range, the charge speed
will be de-rated to protect the battery
cellsand the temperature then has to be
optimized during charging - something
which significantly slows the charging
process and increases the charge time.

If the battery is charged too quickly
when cold, cell damage will be permanent.
If the cells are too hot, they may nat be
damaged but their life expectancy will
be reduced. What is more, a 20-minute
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charging time could be doubled to 40
minutes if the battery temperature is not
fully optimized when charging begins.

Energy management -

inthe cabin

Another key factar not so obviously
associated with energy management and
EVrange is cabin comfort. Thisisan area
where itis particularly useful to use Model
Predictive Control to project a system'’s
future behaviour. “We can alsolink energy
consumption to CCe levels in the cabin,”
explains Rouaud. “If the heating system
is set to recirculate, cahin heat-up can

be faster - butit'simportant to monitor
cabin air quality for the wellbeing of the
passengers.”

Overall energy consumption can be
reduced using methods other than blowing
hot or cooled air through vents to heat
ar cool the cabin. Traditionally, vents are
positioned to direct air to the feet, face,
upper body and the windscreen, but even
with dual or multi-zone heating systems,
the energy required to maintain passenger
comfortis high. Itis also the case that
multi-zone climate control systems do not
always waork to everyone’s satisfaction, so
the answer is to introduce local heating and
cooling methods for individual passengers
and focus on the thermal energy ta reach
local comfort and not only the total energy
for the whole cabin

In cald conditions, local heating solutions
such asradiant panels, heated seats and
heated steering wheels are more efficient
than ducted air. “These still use electrical
energy but consume a tiny amount of
current compared to turning a conventional
heating system up full blast,” explains
Rouaud.

If heat from the drivetrain and battery
is also used ta supplement this electric
heating, energy consumption can
drop from several kilowatts to a few
hundred watts. Similarly, local cooling
could be extended from the fan-cooled
seats or Peltier-cooled modules (using
thermoelectric materials] already available
in some cars to other areas of the cabin.

Tofacilitate this, the human body can
be maodelled in 10 following the same
procedure as for the vehicle systems, and
the output combined with 30 models of the
complex airflow around it.

Accounting for the

human factor

Madelling of humans can take into account
complex details such as the kind of
clothing being worn, the age and gender

of the occupants and the level of activity
they were engaged in before entering the
car. Navigation data can also be used to
estahlish the position of the sun, and local



Overall energy
consumptioncan

be reduced using
methods other than
blowing hot or cooled
air through vents
toheatorcool the
cabin. To facilitate
detailed analysis,
individual occupants
can be modelled in 1D

following the same
procedure as for the
vehicle systems, and
the output combined
with 3D CFD models
of the complex
airflow around the
cahin

infrastructure, trees and so on which can
have a bearing on the ambient temperature
of the surroundings and solar load
impacting the cabin. This approach to cabin
comfortand passenger wellbeing could
become even more significant with the
projected introduction of level four or five
autonomy, where passengers of driverless
cars will have the option of moving seats
into different positions unrelated to the
position of HVAC air vents.

Heat pumps, now popular in buildings for
extracting heat from the ground, are also
appearing in production EVs. Heat pumps
essentially act like a refrigeration systemin
reverse, absorhing heat from cooler areas
and then releasing it into warmer ones. An
electric heater will produce around 1 kW
of heat from 1 kW of electricity, whereas a
heat pump canimprove on that by afactor
of two or mare, producing over 2 kW of heat
forevery 1kW of energy used to drive it.
But the control required is sophisticated,
meaning that IMBD and advanced contral
methaods are ideal for integrating the heat
pump with the other complex thermal
systemsinan EV ar HEV/PHEV.

“Apowerful approach to develop control
algorithms for a complex thermal system
is to break down the thermal systeminto
the core control problem, then solve using
optimal control theory, a mathematical
minimization approach, over the route of
interest to establish what could be the best
possible resultsinavirtual environment,”

explains Professor Peter Fussey, technical
autharity, propulsion contral, for Ricardo.
“Then from that paint, we can produce a
contraller capable of being run using the
relatively limited computing resources in
acar.

“The thermal systems consist of heat
sinks and heat sources, with a number of
cooling circuits to move the heat around
the vehicle,” continues Fussey. “The
objective is to mave the heat around the
vehicle as efficiently as possible, reusing
the waste heat and minimizing the energy
taken out of the battery just for thermal
management.”

The art of modelling

The development starts by building detailed
companent models for system design

and orientation of the requirements. Fram
these complex maodels, the cantrol engineer
extracts control-orientated models using
avariety of Model Reduction technigues.
“These are the simplified models which can
runvery quickly but have less resalution,”
explains Fussey. “It's quite an art to pick

the type of model for a controller that can
capture the elements we want to find

out about in our system, while avaiding
unnecessary detail.”

With a suitable control orientated model,
the model can be coded into the vehicle
control systemand used to optimize
the thermal systems in real time, using
techniques such as Model Predictive

Contral. This can reduce calibration
time and improve performance over
conventional controllers.

Outlook

Ricarda’s IMBD methodology is already
awell proven process, and its usein

the context of EV thermal systems
development makes it possible to assess
many more alternatives than would be
possible using less sophisticated methaods.
It takes the guesswork out of which system
design might yield the best results.

Combining optimization approaches
with advances in vehicle connectivity to
feed the future route details, or electronic
horizan, to the controller can open new
opportunities to allow the car to manage its
systems and energy budgets to reduce the
range anxiety of the end user.

Interms of extracting the maximum
performance fromatraction battery, the
results of such detailed modelling and
optimization of thermal systemsyield a
significant margin of improvement rather
thanjust a cautious advance of a few paints.

Taking into account allimprovements
to the powertrain and cahin heating and
cooling systems, Ricardo estimates
IMBD can deliver astartling 10to 15
percentimprovement in the overall energy
efficiency of the vehicle. What is more,
work in this area is already moving beyond
the automotive sector and expandinginto
marine, rail and aviation applications. &
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electrification

RQ-Q3-2020 23



Ricardo news

RICARDO NEVV5

Latest developments from around the global Ricardo organization

Double success for
Ricardo Defense

A S et E A

leverages 90 percent commercial off-the-
shelf parts, resulting in high manufacturing
efficiencies, ease of maintenance, and a
low-risk global supply chain.

Fallowing on from this success, the United
States National Defense Autharization
Act (NDAA] for fiscal year 2021 included
authorization for the procurement of 5421
Antilock Brake System/Electronic Stability
Control (ABS/ESC] kits to help prevent
vehicle rollovers in the world-famous High
Mohility Multipurpose Wheeled Vehicle
(HMMWV or ‘Humvee'] fleet. This paves the
way for orders to be placed with Ricardo for
the retrofit safetykits.

The ABS/ESC retrofit kit for the HMMWV
was developed by Detroit-based Ricardo
Defense. The complete package includes
antilock braking, electronic stability
contral, active rollover protection, traction
control, and improved brake calipers,
pads and rotars. The entire system
leverages low-cost, proven components
engineered by Ricardo specifically for the
arduous requirements of applicationin

The U.S. Army has announced that GM ground mahility transportation in the GM Defense’s ISV the military environment; the systemwas
Defense, together with Ricardo asits form of a highly flexible, light, all-terrain, Chevrolet Colorado specifically designed for ease of upgrade
strategic partner, has been awarded a air-droppable vehicleintended forusebya ~ ZR@based Infantry to the existing fleet. The Ricardo ABS/ESC
;. . . . e ) L Squad Vehicle L )
$214.3 million production contract to build, nine-saldier infantry squad maving within Retrofit Kit is the system currently being
field, and sustain the Army’s new Infantry ‘close battle areas’. The GM Defense ISV installed in HMMWVs across a number of
Squad Vehicle (ISV]. is founded on the award-winning 2020 initiatives and is designed specifically for
TheISVis designed to provide rapid Chevrolet Colorada ZR2 platformand this icanic vehicle.

Optimizing railway pantograph and catenary systems

Overhead electrification systemsrely on
asmooth and uninterrupted connection
between the rolling stock and overhead
electrified wires. To helpin the effective
engineering of this crucial interface between
rolling stock and infrastructure, Ricardo Rail
has launched a new service to simulate the
dynamic interaction between pantograph
units and catenary systems. The new
service aims to help optimize the design of
future electrification equipment while also
reducing development costs.

The Ricardo pantograph and catenary
modelling and simulation package, RiPAC,
has been developed to offer track and rolling
stock engineers the opportunity to simulate
the full motion behaviour of their designs
atamuch earlier stage of the product
development process.
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The simulations, which are performed in
line with the applicable standard for current
collection systems [EN50318), are overseen
by Ricardo’s vehicle-track engineering teams,
who process the data to provide a detailed
report of the measurements captured by the
in-house software. The data can then provide
the focus for the physical testing programme,
subsequently reducing the time and cost of
achieving the necessary certification.

RiPAC can also be used to monitor
the performance of systems on existing
routes across networks, or to inform major
refurbishment and upgrade programmes.
For example, RiPAC was recently applied by
the Netherlands rail infrastructure operator,
ProRail, and also the Rotterdam Port
Authority, who used it to check the catenary
standards compliance of anew 3.8 kmline

serving the Rotterdam area.

RiPAC s part of a growing simulation
and virtual testing portfolio available from
Ricardo’s vehicle-trackinterface team,
alongside studies, analyses and advisory
services related to vehicle dynamics, multi-
body simulation and optimization of wheel/
railinteraction.

i



Ricardo software in NASA
technology transfer portfolio

The Technology Transfer Office of NASA's
Johnson Space Center (JSC) aims to
ensure that innovations developed for
space exploration are made available for
wider commercial use. Having proven

its value in the planning of future NASA
missions, Ricardo’s advanced Five-
Dimensional Task Analysis Visualization
(SD-TAV] software has now been
selected for inclusion in JSC'’s technology
transfer portfolio.

NASA has an enviable and well-deserved
reputation for the planning and execution
of the most challenging, safety-critical and
complex of space missions. The planning,
in particular of long-duration, crewed
deep-space missions is an extremely
complex and data-intensive process. The
visualization, analysis and manipulation of

large, complex and dynamic datasets to
optimize operational planning required new
methads, for which NASA turned to Ricardo
Defense’s research expertise in workflow-
driven user experience.

Model-driven analysis refined for
mission-critical military applications
resulted in new visualization techniques
and arapidly developed software
application for NASAin the formof the
Ricardo SB-TAV mission-critical planning
software, which allows teams to quickly
analyze extremely large datasets to isolate
potential conflicts, risks, human or system
errors, or excessive workload. This enables
operating plansto be optimized, including
providing for resilient contingencies. The
software also enahles the investigation of
opportunities to eliminate activities that
do not add value, thereby minimizing cost,
complexity, and susceptibility.

The announcement of the selection
by the JSC New Technology Evaluation
Board of Ricardo’s SD-TAV software for
publication in the official NASA Software
Catalog opens the path for possible wider
industrial applications of this sophisticated
planning technology. In accordance with
the commercialization objective of the
Small Business Innovation Research
programme (SBIR), Ricardo Defense is also
advancing the software for Mission-Critical
Planning [MCP) availahle to any business
warldwide that needs a high confidence in
long-range planning strategy.

The DS Teecheetah teamretained both the drivers’and
constructors’titles following the completion of theinterrupted

Ricardo news

Towards the net-zero
Scotch

The Scotch Whisky Association [SWA] has published a
report, produced with the support of Ricardo, exploring
the practical waysin which the industry can collectively
achieve net-zero carbon emissions.

The ambition to define anet-zero roadmap arose out of
the desire of SWA member companies to proactively and
positively reduce theimpacts of climate changein line with
the Scottish government’s 2045 net-zero target.

Ricardo has supported the SWA in the development of
the report, bringing in sustainability and energy experts
to analyze data from over 120 Scotch whisky sites
across Scotland.

Through the robust analysis of energy data from
these 120 distilleries, and through engagement with
industry stakeholders, Ricardo worked with the SWAto
model potential pathways for the industry to achieve
net-zero emissions status. Recommendationsincluded
decarbonizing current fossil-fuelled distillation processes
[with anemphasis on anaerobic digestion]), aswell as
energy efficiency improvements and the adoption of
cutting-edge hydrogen technology.

2019-20Formula E season 6 - using atransmission designed
and manufactured by Ricardo as a part of multi-year partnership.

The engineering challenges of Formula E are as extreme as
anything in liquid-fuelled motorsport formulae, requiringa
laser-like focus ondriveline performance and efficiency. Ricardo
has been supporting DS Performance in FormulaE foranumber
of years, including supply of the transmission deployed in the
earlier double championship winning DS E-Tense FE19 car used
inthe 2018-19 season.

With typical 0-100 km/h acceleration of 2.8 seconds
and very high motor speeds, gearbox weight and durability
optimization are cruciallyimportant. Tomeet such
requirements, Ricardo usedits cutting-edge design and analysis
methods, its testing facilities, and its world-class advanced
manufacturing technology to deliver to DS Performance an
extreme performance and high efficiency transmission for the
successful DS Techeetah 2019-20 season campaign.
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Ricardo News

Great Western assurance
roles near completion
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The launch of passenger services running entirely under electrical
wires between London and the Welsh capital city of Cardiff marked
ane of the last remaining milestones in a decade-long programme
to modernize the famous Great Western railway route - a project
forwhich Ricardo Certification played a key role.

The Great Western is ane of the UK’s husiest mainline routes and
supports express passenger and freight services from London’s
Paddington station to the south west of England and south Wales.
In 2010, Network Rail embarked an a £7.5 hillion modernization
programme to revamp the route to support faster, more frequent
and more reliable services. In addition to new fleets of electric and
hi-mode ralling stock, track upgrades and station improvements,
a carnerstone of the scheme was the 380 km electrification of
routes between Landaon, Newbury, Bristol and Cardiff.

Ricardo Certification was appainted by Network Rail as the
Notified Body/Designated Body (NoBo/DeBo] for the assessment
of compliance with the Railways (Interoperability) Regulations
2011 (as amended] (RIR]. The scope of the contract encompassed
the mainline between Maidenhead and Cardiff, and also included
assessment of compliance with the current Technical Specifications
for Interoperahility (TSI) for the Energy, Infrastructure and Persons
of Reduced Mahility Sub-Systems, for the 25 kV electrification

The £7.5 billion

Great Western
modernization
programme is
providing faster, more
frequent and more
reliable services, using
new fleets of electric
and bi-mode rolling
stock. Some 380 km of
routes from London’s
Paddington station to
Wales and the west

of England have now
been electrified

programme and related infrastructure projects.

Separately, Ricardo Certification served as the Natified Body for
the Maidenhead to London Paddington section of Network Rail’'s
Crossrail and is currently performing the same role on the Stratford
to Shenfield section. Ricardo also subsequently took on the role of
Assessment Body (AsBo] for the assessment of application of the
Common Safety Method for Risk Evaluation and Assessment (CSM
RA] regulations. This included early design work for the rail link to
Heathrow via a proposed twin-bore tunnel.

Over the seven years of the contract Ricardo teams logged,
processed and, where appropriate, assessed in excess of 10,000
reports, drawings, certificates or compliance arguments. Buring
the process, Ricardo produced 10 Intermediate Statements of
Verification (ISVs), leading to 20 NoBo-Files as the NoBo/DeBo,
and a further 164 Assessment Recards, culminating in 30 Safety
Assessment Reports [SARs]) as the AsBo.

Ricardo pre-authorization deliverables included AsBo Safety
Assessment Reports, NoBo/DeBo Files, and various addendums
were supplied in June 2020 to support the electrification of Severn
Tunnel. Final post-commissioning activities are ongoing to ensure
that compliance statements are fully captured, enabling the
completion of the project before the end of the year.

Remote working brings life quality - and air quality

The Business Clean Air Taskfarce (BCAT], which includes Ricardo, Uber,
Philips and ENGIE, has presented the results of a new survey demanstrating
that, in addition to bringing clear benefits ta urban air quality, continued
remote working is both achievahle and welcomed by the public.

On the hasis of the results of the nationally-representative survey
of 2000 UK respondents, the charity Global Action Planis urging the
continuation of remate working as an option post lockdown to prevent a
second spike of Covid-19, to keep the streets free for key workers, and ta
keep air pollution down.

Of the journeys analyzed, almost one in five trips by car could be avoided
if employees continue to work remotely as we emerge from lockdown. The
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BCAT survey also identified that 87 percent of those currently working
from home wauld like to continue to do so to some degree - which implies
that, post-lockdown, the UK could have 17 million regular remaote waorkers
versus just 10.8 million pre-lockdown. In addition, of the 19.5 million

who have been warking from home during lockdown, 41 percent were
previously not permitted to do so.

While remote warking is not suitable for all professions and is not
welcomed hy everyone, allowing employees the option to work from home
when it suits them can improve wellbeing, with 54 percent of lockdown
homewarkers saying they are less stressed. Some 65 percent say they are
happier not to have to deal with a rush-hour commute.
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