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LET'S START WITH A QUESTION

ETS

CBAM

ETD

AFID

RED

Emission Trading System

Carbon Border
Adjustment Mechanism

Energy Taxation Directive

Alternative fuels infrastructure
directive

Renewable Energy Directive

Challenge 1: Evolving and complex policy system

Include the production of hydrogen with electrolysers

Import levy depending on the emission content of
production

Preferential tax rates for the use of renewable and
low-carbon hydrogen

Alternative fuels infrastructure, including refuelling points
for hydrogen

Extending the EU-wide certification system use of
renewable hydrogen



I STEP 1: VISION AND POLICY ALIGNMENT

RICARDO’S POLICY WORK - BENEFIT FOR CORPORATE ORGANIZATION

_ _ _ o * Review of EU national energy and climate action plans
+ Management of national-level air pollution monitoring networks « Revised EU Alternative Fuels Infrastructure Directive
+ Real-time remote sensing of traffic emissions « Zero emission HGV requirements in the UK
* Advanced air quality modelling tools - Carbon pricing ~World Bank Partnership for market readiness

+ Advanced power sector substation monitoring tools V

Developing policies and strategies

” ’ Addressing the challenges, and supporting the

potential options for action

1

Qualifying and evaluating the most pressing
energy and environmental challenges

3 / + Decarbonisation strategy
for Ferrexpo

Implementation

o_. Supporting the implementation of technological ° Regl'”atory and Strategy Support for
and operational solutions across the value chain Vehicle manufacturers,

fuel suppliers and infrastructure

providers

Challenge 1: Evolving and complex policy

system
Solved at Ricardo by systematic approach and extensive expertise



GREEN HUB QUESTIONS...?

What is the optimum decarbonization of
your existing fleet?

What potential new power products will
realistically be available and when?

What specification of power system is most suitable
for my operations?

Challenge 2: Evolving and complex energy demand

Which power systems are most suitable to
ensure competitive operation and when?

Which fuels will be commercially viable and
when?

Which fuels and power systems can achieve
GHG targets?



I STEP 2: ENERGY PLANNING & SUPPLY

STRATEGIC PLANNING FOR DECARBONIZATION

OUR PROCESS: QUANTIFIED SCENARIO ANALYSIS

+ Extensive Life cycle assessment experience

?;f;(; #@ Scenarios for low and zero W / iy / A / {H {' Zero and low carbon

A4 carbon fuel deployment
e Scenarios to 2050 based around policy and
technology development status. Lifecycle costs regionally
will vary between scenarios, including the prices suppliers e Tax & emissions trading SyStems

of renewable fuels ® Adjacent sector suppliers
r e Fuel subsidies * Proventechnology roadmap and total cost of
.

For each scenario Power system and fuel
r specifications to 2050
ittt itz ownership assessment process
n Fuel and energy n Operational lifecycle :
lifecycle cost analysis ‘ cost analysis (Tco analysis) Asset operating and
‘ renewal roadmaps

) Pt ind sriergy » Y e — Scenario based fuels and * Deep cgrrent technical knowledge: large diesel and
lifecycle GHG analysis GHG analysis et Dot gas engines and fuels systems

b - market drivers and pol . . .
Decarbonisation options i Expmﬂonsglcballyandp = « Scenario planning for future fuels mix and power
|

e Direct power system

Your robust operating and asset strategy X . .
® Across scenario operational and asset renewal roadmaps and strategy, including Bty ° Deep futu re teC h ni Cal kn OWI ed g e. advanced eng|nes,

power / propulsion system specification, to reduce the risk of stranded assets fuel Ce||S and future fue|S

All supported by our power system technical expertise

Challenge 2: Evolving and complex energy demand

« Market knowledge to 2035 and beyond

Solved at Ricardo by systematic approach and extensive expertise



REAL LIFE APPLICATIONS

Pass car + Shipping vessels
HD truck * Ferry

Bus « Submarine
Off-Highway

* Aero mobility any

Question: Who was on a hydrogen fuelled “application” ANY?

On land? On sea? In the air?

Challenge 3: Demand for bespoke engineering solutions to address needs of multimodal transport



SOLVING COST CHALLENGE FOR BUS OPERATORS

Project: HYRBUS Innnovate UK funded Bus retrofit

Location: Tees Valley

POWERING

SUSTA INABL E |
Converted toh,
Y 0gen Power by Ricargy

Objective:
— Develop a demonstrator fuel cell retrofit bus to
provide operators with an affordable hydrogen

conversion solution

FUTURES

Benefits:
— 100% decarbonisation

— Affordable: ~ 50% cost of new
— Circular economy

38,000 98% — Extends asset lives

— Reduced carbon footprint vs buying new

buses currently are diesel are less than 8

in service E— are Bure Vor years old — Mitigates operator risk of ‘stranded diesel assets’

https://ricardo.com/news-and-media/news-and-press/ricardo-to-engineer-zero-emission-buses-for-uk%E2%80%99s-first-hydrogen-transport-hub



https://ricardo.com/news-and-media/news-and-press/ricardo-to-engineer-zero-emission-buses-for-uk%E2%80%99s-first-hydrogen-transport-hub

I STEP 3: IMPLEMENTATION AND APPLICATIONS

SOLVING COST CHALLENGE - TCO
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I STEP 3: IMPLEMENTATION AND APPLICATIONS

SOLVING SYSTEM OPTIMIZATION CHALLENGE — SIZE & WEIGHT

70N .
S:resz%i @ y@ One BoP per multiple stacks BeSpoke BoP:
L R e » Delivers higher power

(=R * Achieves higher efficiency
Reduced volume/weight/cost

\

< EKEsson

Stack 3



SOLVING SYSTEM OPTIMIZATION CHALLENGE - THERMAL

Iauai l | |
) 0BT ilter e H
LEEF 2 53 [3] |baw £l Benefits of using Model Base
— ERE L o - Development:
___— B R RS |2 reica | |3 T §'§ i3l |2 g S Reducing project cost by
S e 3 EHRE g ‘: | g =3 [g '—"li g - up to 20%
e J STt = £ Reducing development
e iy mggﬁ I “I‘% | | time by up to 30%
¢ vabe |
——  PE & motor Loop Refrigerant Loop Battery Loop
~70°C ~25°C
Management
Transmission PE / Motor / Battery Fuel Cell Cabin
e B
Balance heating, cooling (fuel cell, battery, electric drive) e T e Be“ef'ts of using ITM with
and other attribute requirements 148 E G EIE 2178
Improving EV range by up
Coupling cooling circuits -integration/combination of R e ! to 25%
functions I T oatey pock T e [T Managing heat rejection
. : i within packaging & NVH
Advanced thermal control energy consumption R AR | I
management Ko Tenperae sersas < osel Preive Conva \

Electronic Horizon — e.g. Ricardo Sentienceflmperium projects use GPS data to improve energy and thermal management |

Multi-temperature cooling circuit



I STEP 3: IMPLEMENTATION AND APPLICATIONS

SOLVING MARKET ACCEPTANCE CHALLENGE

Phasel Fy21

® One H2 ICE test facility — use existing test cell
e Tube trailer fuel delivery model

e Available as soon as fuel supply secured.
Phase2 FY 22

® One H2 FC propulsion system test facility — convert
existing building with a new modular test chamber

o Extension of existing tube trailer delivery model

Phase3 FY23

o Scale-up phase for increased capacity and
capability to meet customer needs in the future

Ricardo hydrogen enabled test facilities to support
new technology validation and market approval.




20+ YEARS OF EXPERIENCE IN FUEL CELLS

TMI
Delivered product
specification, new BoP
and cost reductions for
TkW truck APU - SOFC
and reformer

ExxonMobil :
Design and build [

Swing Reformer

Automotive Supplier
Benchmarking for 500W
prototype SOFC for
eicle electrical power

prototype Pressu sl See® gonsortium developing 40kW FC for

Asian OEM #1 vehicle

Comprehensive vehicle concept study followed
by design, build and commission of fuel cell
rig. Conducted fuel cell performance tests

Roads2HyCom
Coordinator for project
assessing research in
fuel cells and

Asian OEM #1

Following fuel cell testing
optimisation of control system
through simulation of multiple
vehicle architectures with max
range being primary concern

Toyota Portal Beta
Improved packaging
and integration of
omponents. Optimised
cooling system and
hydrogen storage. Built
demonstrator vehicle

Enhanced Fuel Cell System

automotive. Provided specification
and were responsible for sign-off|

Toyota Portal Alpha | Asian OEM #3
Integration of 2 x Mirai fuel cell systems into Class 8 | Designed, built and tested
truck. Included clean sheet design of H2 storage and | multiple prototype exhaust
electrification of accessories. Specified, selected, sourced, | mufflers for bio-ethanol
procured and integrated parts and built demonstrator | SOFC vehicle

Porterbrook Rail

H2 fuel cell train.

Safety case & cert g mw_
Pax ferry :
Scalable H2 FC!
system for on
board auxiliary
power Cruise ship

Multi-MW FC

m system concept
for cruise ship

Asian OEM #4
Specification of
plant and control
models

Global OEM | Fuel Cell

FC integration, Aerospace Startup System
improved cooling Fuel cell for rztrofit kit
system, build &  aerospace for buses
commissioning application replace Diesel
support for pre- propulsion
production HD

system by FC
kit on existing
Asian OEM #2 buses

Drive Cycle range simulation,
control strategy and
packaglng for fueI cell REEV

trucks

SUSTAINABLE
A =

Challenge 3: Demand for bespoke engineering solutions
Solved at Ricardo by systematic approach and extensive expertise




OUR TEAM OF EXPERTS

N

Dr Cedric Rouaud PhD MSc Graeme MacLean CEng MIMechE Ennever, Andsre\_/v I\L/IEdng & Man, MBA Marlgegloiglel:c;dBEng
Global Head Fuel Cell Systems Hydrogen Incubator Leader ervice Leader . .
Global Technical Exgen Strategic Growth and Development Hydrogen Fuel Cell Systems Business Development UK & Spain
Cedric.Rouaud@ricardo.com Graeme.MacLean@ricardo.com Andrew.Ennever@ricardo.com Maria.Olaneta@ricardo.com

THANK YOU
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