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/5 Years of Engineering Heritage

from Ballymena, Northern Ireland

» A leading industry innovator of low emission diesel, hybrid,
and zero-emission hydrogen and electric buses.

» First Battery-EV built in 1998 / Diesel-hybrids in early 2000s.
» First single-deck hydrogen fuel-cell EV (2008).

» Manufacturer of Iconic Routemaster for London (2012).
» Unveiled world’s first hydrogen powered double-deck (2016).

» Under new leadership from Jo Bamford (2019).

» Only manufacturer globally to offer single and double-deck
hydrogen and battery electric buses (2022).

2021 Production 2022 Production

70% Low-Emission 70% Zero-Emission
30% Zero-Emission 30% Low-Emission
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Go-Ahead orders 20 Wrightbus hydrogen buses
" WRIGHT

11 NOVEMBER 2021 #BUS AND COACH #TNB NEWS

Wrightbus eyes Australian export Wrightbus secures order for 60 hydrogen-
powered buses from Germany

market with Volgren deal
. UTV | BUSINESS | TRANSPORT | ENVIRONMENT | (D Friday 27 May 2022,1257pm
2022

Ey routeone Team - Wz

SN 7

NEWS MAY 6, 2022

?RI Gf VOLGREN Wrightbus Zero-Emission
Hydrogen Buses Travel 1 Million

» . . . Miles
Wrightbus lands "historic"” deal with oy S
60 Kite Hydroliner single dack buses will be delivered ro German Bus oparator Regions ke i ¢l
Republic's NTA for up to 800 electric buses MRS
B > L e

Translink: First zero-
emission buses set to hit the

streets

The 77 battery-electric and 23 hydrogen buses will form .
around a third of the Belfast fleet by this summer.

— S — R

insh Transport minister Eamaon Ryan and NTA chief Anng Graham pictured with the Wightbus Strostdeck Electroliner BEVE, which wilt

1ol cut in the Republic from next year. Picture by Jubon Behal
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The Zero-Emission Challenge
What are the challenges to address to reach our Zero-Emission Goal?
€ Total Cost of Ownership? € Impact for longer duties? € Availability of power / fuel?
€ Available range? € Operation from multiple depots? © Infrastructure costs & timescales?
© Operational flexibility? © Time to recharge vs refuel? © Life cycle carbon footprint?

Efficient Diesel? Battery EV? Fuel-cell EV?

FUBl of the future 1 28
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Vehicle Use Case
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Academic Foundations

>

>

Over 25 years of direct collaboration between Wrightbus
and Queens University, Belfast.

Establishment of Wright Technology & Research Centre

at Queen’s University Belfast, formally launched in 2016.

Key aim to promote research and advanced engineering
which can meet the future needs of the industry.

£28M in collaborative research projects.

Vital research & collaboration for net-zero:
» Pushing forward emerging tech & innovations.
» Upskilling next generation of engineers.

» Positively impacting economy & environment.

ONveRsTy MO

BELFAST WRIGHT

Aerospace Inspired
Structural Analysis



Presenter Notes
Presentation Notes
The collaboration we have with WTECH is vital, not only for pushing forward emerging technologies and innovations to allow us to reach net zero, but also to ensure the next generation of engineers and researchers have the necessary skills and experience to work on the new and exciting hydrogen technology that is powering our world-first, zero emission Hydroliner buses


Hydrogen Vehicle Technology
16/06/2022

iy N

BELFAST WRIGHT

Technology
Recommendation
(FCEV or EV?)

Complete the daily
maximum distance?

Range/remaining capacity

Velocity

—_

Complete in winter/summer
conditions?

Number of refuel/ recharge
events?

Opportunity charging
required?

» Bus/route cards » Velocity/elevation profile of the  » Power demands.

» Scheduling/timetable data bus: bus-stops, traffic, driver » Energy/ fuel-consumption.
b Dedicated/intertwined services behaviour acceleration/ » HVAC settings / variable
» Routes for tender braking, etc temperature setpoints.

TCO Estimates
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TCO Modelling -

» In-house TCO (Total Cost of Ownership) modelling
capability linked with vehicle simulation models.

Incentives

» Analysis of Diesel vs. FCEV vs. BEV.

» Life cycle modelling of CAPEX, Fuel, Maintenance,
Infrastructure, Incentives, etc.

Infra-structure

» 1to 15 year cost forecasting, sensitive to an operators
annual distance (km), operating hours, duty cycle, etc..

» Scenario analysis of present/future fuel costs, energy
consumption, R&M metrics, inflation, tariffs, fleet sizing, etc. \ /

» ‘What if?’ Analysis, E.g....what does hydrogen/electricity
target cost need to be to reach parity with diesel?

10



& i
=

Zer

= ar

Vo

7 g 7 i / .
& 2 L A

-
¥

- Wrightbus has focused on cuttln%g;ef_dge'pdwertramtechnology, developingour first™ = » ot 1
~  ~EVin 1998, our first diesel hybrid in.2002, our first\ECEB in 2006. NG ‘%ia R i N R T

P F o F "
% ' | Ming R SR :
- . -
. ? T . - ‘;‘
'3 - ‘J - -‘

www.wrightbus.c




™

Hydrogen Vehicle Technology
16/06/2022 v

WRIGHT

How a fuel-cell works e

A fuel cell combines hydrogen fuel and oxygen from the air

to produce electrical energy efficiently, quietly and reliably.
The only by-products are water and heat.

Fuel H2

(Hydrogen) gﬁ r(ﬂO:;:gen)
»  Fuel cells produce electricity without combustion.
»  Generate little (if any) noise and vibration.
»  No air pollutants (NOx, CO, Particulate matter, soot, etc.) S . caca
»  No greenhouse gases (CO,, Methane, Nitrous Oxides)
»  Unlike batteries, fuel cells do not have a need for e
replacement or lengthy recharging when its fuel is spent. Recirculates AR Mter Vnper
»  Fuel stored in external tanks, so the maximum operating ST Flowrieid
range of a fuel cell-powered device is limited only by the Gas Diffusion | Gas Diffusion
amount of fuel that can be carried Flectrode (Anode) Flectrode (Cahod®
- Catalyst - | Catalyst

Proton Exchange Membrane

© Ballard Power Systems
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STREETDECKFCEV | HYDROLINER WRIGHT

Highly efficient heat pumps
(HVAC + BTMS, not shown)

Hydrogen Fuel-Cell

350 bar H, storage tanks
(~27kg H2 = 280 miles range)

Highly efficient and quiet
Electric Traction System
(280 kW, not shown)

Refuelling

point 85 kW fuel-cell B omon ECAS High capacity Traction Batteries CC? 2.0 Charge point
(=8 mins  ynly by-product Standardised VDA modules (2 %2 hours @ 150kW,
refuel) - Battery thermal Common EPAS - twin charging 1 ¥ hr)
is water) (340 kWh = 150 miles range) ging L 74
management system Common Front ~ )
. (454 kWh = 200 miles range)
Suspension

Battery-Electric

_ STREETDECK BEY | ELECTROLINER
© Wrightbus


Presenter Notes
Presentation Notes
LHS is current gen FCEV, RHS is our BEV that we have proudly built from the ground up will shortly be entering service
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CBKITEDFFCEV | HYDROLINER WRIGHT

Hydrogen Fuel-Cell |
CCS 2.0 Charge point

High capacity Traction Batteries )
Next Generation Standardised VDA modules (2 2 hours @ 150kW,
twin charging 1 ¥4 hr)

Fuel-cell 350 bar H, Siofage tanks (340 kWh = 180 miles range)
(70/100 kW) (ié'f(g ':Iz 4gf0mr:ﬁ’: rr:r’:g:) (454 KWh = 240 miles range)
(48kg H, ge) (567 kWh = 300 miles range)

Traction Battery

i 4 | Highly efficient and quiet
\ Electric Traction System
Highly efficient heat pumps (280kW motor, inverter,

Highly efficient and quiet
Electric Traction System

O o bz (HVAC + BTMS not shown) distribution box &
diagnostics all one Refuelling dlagns?JStICI?e?)" one
supplier) point pp
(~8 mins

refuel Battery-Electric

© Wi CGBKITEDFBEV | ELECTROLINER
rightbus


Presenter Notes
Presentation Notes
Carrying over powertrain systems from our double-deck products
Common Voith system – low noise, better passenger experience
More capacity for hydrogen storage on vehicle roof – improved range
BEV – 3/4/5 string option with class leading range
System commonality with double-deck sister
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Energy Efficiency / Operational Flexibility

Tank capacity 200 litres H, storage 35 50 (kg Battery capacity 340 | 454 |kWh
Typical 8.5 MPG Typical kg/100km Typical
Efficiency 4.2 kWh/km Efficiency 2.0 2.0 |kWh/km Efficiency 0.95 | 0.97 |kWh/km
~600 km ~585 ~830 (km ~280 | ~375 |km
Range ; Range ; Range ;
~375 Mile ~365 ~520 [miles ~180 | ~235 [miles

BEVs more energy efficient on less energy demanding routes, but limited on range without on-route infrastructure.
FCEVs provide greater operational flexibility (not route/depot locked).
Both technologies complementary — stakeholders should identify best fit to satisfy operational & cost constraints.

Consider daily operational demands, e.g. minimum mileage, available charging time, # buses + drivers.

v vy vyyvyy

Low/zero-carbon sources of both electricity/hydrogen should always be sourced where possible.



Future of Hydrogen

...
....

Falling Total Cost of Ownership
»  Step change in costs of fuel-cell modules, H, storage tanks and EV drivelines.
«  Scaling up production of low carbon H, via water electrolysis.
Increasing fuel-cell stack durability, decreasing maintenance costs.

16
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