eMove360° Fuel Cell Conference

Regionalverkehr Koln GmbH

Wir bewegen die Region

~Sustainable public transport by

the deployment of fuel cell buses
A practical example in the Cologne Region”

Jens Conrad, Head of Department
Munich, October 17t 2019
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Regionalverkehr Koln GmbH — Company

Regionalverkehr Koln GmbH (RVK)

Regional public transport operator

* Employees: approx. 780

* Area covered: approx. 2.900 kmz;
more than 2,5 mio. inhabitants

* Fleet size: approx. 600 buses
(300 company owned buses)
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Different drive trains
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Experience of RVK with deployment of FC

Fuel cell buses in service since 2011 %}é@‘” JINULL
u Emission

...to pre-production

From prototype...
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Availability 2018
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Hydrogen infrastructur
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Expansion of fleet
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Location and capac

Wermelskirchen
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Challenges & Solutions

* High costs o K ECYREES
e ' ¢ Lack of knowledge - Bﬂiﬂw@EMs appetite
 Inexperience (how & * Remrmttameothdrtheir

where to start) plopadtsdaEaGHIC

* Lack of commitment  effej solutions

* [Check out
www.fuelcellbuses.eu]

rIC
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Solutions: Example HRS Wermelskirchen
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Solutions: Example HRS Werme
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Key learnings

* Motivate and constantly inform share and
stake holder (positiv and negativ)

 If possible, no prototypes

» Seek experienced industry partners

* Early on involve authorities (permits etc.)

* Think positive and never give up!!

LESSONS LEAR
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Hydrogen and Fuel Cell technology are ready for the market

Hydrogen can be produced locally and enviroment friendly

Due to advantages of range, flexibility and refueling time
feasible for regional public transport

RVK about to built up Europes biggest fuel cell bus fleet

Regionalverkehr Kéln GmbH
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When will you ride a fuel cell bus?
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Contact:
Dipl. Geogr., B.Eng Jens Conrad

Head of Department ?’(
Regionalverkehr Koln GmbH
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Costs H,-Infrastructure

Infrastructure and Scalability

Fleet Size

Effort and Cost
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Quelle: RAUDBAUGH, D. (2018), Center for Transportation and Environment (CTE)
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Hydrogen

Hydrogen, a elj' ergy carrier

/
Hydrogen can be ...
- Produced from__
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Fuel Cell Hybrid Buses

Development of procurement prices for FC buses
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Van Hool A330FC
Tecnical components A330 FC
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Approx. 90 % of the components of battery electric buses

and fuel cell buses are the same

* FC-System: 150 kW (Ballard)

» Battery system: 100kW (LTO)
Rekuperation system: Bremswiderst. (2
units at 60kW)

* H,-tanks: 8 tanks @350 bar, 40 kg

Quelle: VaN HooL
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Timeline and budget

JIVE
Europe
Start of wide
JIVE tender
process
Budget

30 buses: 19,5 million €

Delivery delayed

I by 6 months
Order 10/2019 Delivery
of 30 —
FC bus o, of buses
Funding

FCH JU: 5,6 million €
Co-Funding (BMVI): 5,2 million €

rIC
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OEMs in Europe are responding to the growing demand for FC
buses and preparing to offer new solutions

European bus OEMs with fuel cell buses demonstrators / offering fuel cell buses for sale

ALEXANDER 3
DENNIS P

ebe EUROPA

O i

NEW FLYER

Source: Element Energy (based on public announcements). Note: lists are not exhaustive.




TCO Bus Technology Coﬂaﬁson = ’ R

Zero-emission fuel cell buses
offer an attractive value proposition
compared to_other technologies... 3 ‘10 oy

ANNUAL COST IN € PER BUS

350.000

300.000
g 200.000
> ——

150.000

” N
100.000

/
. 2 -f'_’- e — NS
Wrightbus fuel cell electric bus operated by Tower Transitin London
—

- DIESEL CNG BIOGAS BEB (OPP. FCB
CHARGING)+10%

/..and aré the economically best

aCAPEX mOPEX

Wir bewe

strictly zero-emission choice.
_ Quelle: BALLARD, NEL, HYDROGEN VALLEY (2018): Fuel Cell Buses —WProposition for Zero-Emission Buses in Scandinavia - 2nd Edition, S. 16




Durability Fuel Cell
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> Fuel Cell Bus in operation in London L1EL i
since 2011 — .

* FC-Stack operated more than

33,000hrs

Ballard Power @BallardPwr .31 jan.
In London this week, the #fuelcell stack of Bus 62996 operated and maintained by Tower

Transit has passed 33,000hrs - that's durability proven on the road since 2011!!
#theotherelectricbus #poweredbyballard
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Quelle: BALLARD (2019): Durability proven



