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= CO, reduction targets: -40% by 2020 / -80% by 2050

= Strategic approach based on
3 fundamental principles:

Four Pillars Strategy for electro-mobility

. . Synergies with
> Coherency of technologies _ Public afflld ftiompanv urb:n degvebpment
(FCVs and BEVs part of same technological path) eets and housing sector

Inter-Modal
Mobility

Emission-free
public transport

» Complementary use rather than competition
between zero emission cars and public transport

» Use of renewable energy is mandatory

= Political Framework

» Senate’s directive: in public fleets only EV to be procured

» EVs park in public without parking fee, all ICE vehicles at
Charge Point Infrastructure (CPI) towed

> Real estate allowed less parking facilities when connected
with CPI and car-sharing

= Current Status: 2.000 EVs in operation (500 in public fleets)
= CPI: 600 pUb|IC charging points (operated by city owned company)
= As of 2020, only zero emission buses to be purchased
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HAMBURG
North-German Wind Energy essential for Energy Supply

B Ausbauziele der Lander bis 2024
W Inbetriebnahme 2014

et 2002 = Hamburg and Schleswig-
Holstein

» 6,000 MW installed power end 2015
3,500 onshore wind turbines

A\

» Highest output in relation to installation
space S-H: 352 W/m2, Hamburg: 255 W/m2

> 14 % of total German onshore wind
capacity

» 24 % of additional capacity compared
to 2014

= Total Germany end of 2015:
42 GW installed power

» Goal of Schleswig-Holstein until 2024
13,000 MW

» Plus Offshore Wind until 2017: 2,200 MW

Sources: DeutscheWINDGUARD, FHG IWES, NORDEX (2014-2016)
www.eehh.de




g hy) SOLUTIONS

"._ JR I.-

Connectlng Wind Energy and Mobility with Hydrogen

Renewable excess power in North German/Hamburg area in 2015: 480 GWh
= Expected to grow several 100 % in Germany until 2050

= Hydrogen from Excess Power estimation

» 480 GWh renewable excess output, 336 GWh power-to-gas
output for one year (70 % efficiency level PEM Reitbrook)
» 33,33 kWh/kg hydrogen energy content

» 10 million kg H2

= Examples

» H2-consuption Mirai: 0,8 - 1 kg per 100 km

» 15,000 km p.a. car, 60.000 km bus

» 95-124 kg H2 p.a. consumption car, 4.800 kg/bus
» 80,000 - 100,000 FCEV, 2.500 buses

Sources: BNetzA 2013, MELUR 2013, NOW GmbH - Toyota, Jonas Wolk/quartier-magazin.com, own calculation

www.eehh.de




Hydrogen refuelling stations
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» Masterplan for Hamburg

>

Four refuelling stations in place one more
to be realized in 2016

Partners: Vattenfall, Shell, TOTAL
Availability Hafen City HRS: constantly

98 to 100%

Connection between Scandinavia, Germany
and Central Europe

Bramfeld (SHELL)
Bramfelder Chaussee 370

Altona (SHELL)
Schnackenburgallee 12

HafenCity (Vattenfall)

Hafen (TOTAL)
Aluminium: straBe5 Oberbaumbriicke3

Moorfleet (TOTAL)
Andreas-Meyer-Strale
(ab Ende 2015)

¢
= Partner in New BusFuel

» European project in 13 European cities
» Two studies in Hamburg for a new
bus depot with 260 buses
+ Study 1: On-site production
by PEM-electrolysis
< Study 2: Trailer delivery concept

» Construction for depot already started

Functional design

| Reserved area for
hydrogen infrastructure
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Joint Initiative for Vehicles across Europe

= FCH JU — bus commercialisation

» The FCHU JU commissioned a consultancy team to
carry out a project to coordinate the joint procurement
of fuel cell buses across Europe

» Vision: Develop a procurement program that will allow
the deployment of hundreds of fuel cell buses across
Europe before 2020

» Five clusters initiated in France, Germany, Benelux,
Northern Europe and UK

» Letter of Understanding signed by five major European o
bus OEMs RS IT o - | e

it [hssoa) soLaRiS

» More than 20 European bus companies to sign LoU for R rirai
future procurement

» Formal joint procurement exercise under way in UK and
Germany

» Funding volume until 2023: approx. 60 Mio €,
32 Mio €in 2016




JIVE

Joint Initiative for Vehicles across Europe
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% UK — 56 FC buses Denmark —

Objectives

Deploy 142 FC buses
across nine cities

Achieve 30% cost
reduction versus state
of the art

Operate 50% of the
vehicles for at least 36
months
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10 FC buses
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Encourage further
uptake

[l Current FC buses
=l Future FC buses (other projects)

Fuel cell buses in cities participating in JIVE
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Future FC buses (Project JIVE)

A= Articulated bus (Project JIVE)
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Joint Initiative for Vehicles across Europe

= Application submitted May 3, 2016

» JIVE will seek to deploy 142 hydrogen fuel cell buses and associated refuelling infrastructure across nine cities in
five European countries

» This project alone will more than double the size of Europe’s fuel cell bus fleet (from ¢.80 by the end of 2016 to
>220).

» [Economies of scale are expected to reduce the capital cost of fuel cell buses (to <€650k for a standard bus and
<€1m for an articulated bus).

» Demand is being aggregated through joint procurement processes already underway, which are encouraging
manufacturers to develop and refine their fuel cell bus offers.

» A campaign of monitoring and dissemination of the project results will ensure the lessons learned on the
readiness of the project reach a target audience of bus operators and policy makers, with a view to expanding
who can take action to expand the market for fuel cell buses.

» Development of the JIVE project revealed strong demand for fuel cell buses across Europe. In fact, the number
of deployment locations in JIVE had to be reduced due to funding limits and the project includes follower cities
ready to deploy fuel cell buses should funding become available.

» Asecond call is needed (in 2017) to allow fuel cell buses to be deployed in sufficient volumes to transition to a

fully commercial offering from the 2020s (as described in the Fuel Cell Buses for Europe report - Roland Berger
for the FCH JU, 2015).




Bus Operation

= [nnovation Line 109

» Distance: 10 km (central station - U Alsterdorf)
Exclusive use of innovative buses

Operation of PHEV as well as BEV and FCHB
Hydrogen refuelling at Harbour City HRS

YV V VY

Vehicles

Dieselhybrid buses (32)
Plug-in-buses (3)

Fuel cell buses (4)

Battery buses (3, june 2016)
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= Lessons learnt

» Today: only vehicles and schedule in focus of operational control,
Future: availability infrastructure, energy supply etc. to be monitored also

Opportunity charging: high demand for charging infrastructure and space
Overnight charging requires battery capacity beyond state of the art

Fuel cell buses as flexible and productive as diesel buses

Complexity of overall system manageable for staff (training)

YV V VY

= European Joint Procurement Exercise

» Funded by European Commission via FCH JU
» 142 Buses in joint procurement (UK, Germany, N/E Europe)
» Potential next call 2017 (300 buses)

Battery buses with fc as range-extender
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U Alsterdorf
Barmbek-Nord

Eppendorf
Winterhude

Hoheluft
Barmbek-Sid

Rother-
baum

St. Georg

Hauptbahnhof/ZOB
St. Pauli

Y/
i

France

Germany -
»

Netherlands

N. Europe

UK
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Other projects

Brennstofizelle Endprodukte

'i e45hiDS % fuel cells in maritime application | =
>
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Consortium of leading German yards, ship operators, manufacturers e e e P B

of fcs, equipment suppliers and classification societies % i & o

fuel cell technologies on sea going vessels for environmentally 00 o o I
friendly energy supply (APUS)

» Multifunctional systems (CHP, air condition, desalination)
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Y

= Power to Gas

» Excess wind power for H2 production (efficiency factor: 72%)
» Electrolyser Hydrogenics 1.5 MW
» Pass into gas grid but different options possible

WindGas
Hamburg

Mobilitst  Stromerzeugung  Warmeversarguny |

Madifiziert nach: Deutsche Energie-Agentur GmbH (dena)

= Aviation Industry: Airbus

» Multifunctional system for auxiliary power units
Internal power supply and high safety
Both compressed and liquid hydrogen in testing

Fuel Cell Lab, Multidisciplinary research and development,
Focused on aerospace applications

Y V V

= Zero Emission fleets

» Hydrogen vehicles in fleets with high mileage (taxis etc.)
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Thank you! hy SOLUT'ONS

Driving Innovation for Hamburg

Heinrich Klingenberg

Managing Director

hySOLUTIONS GmbH

Steinstralle 25

20095 Hamburg

Telefon: +49 40 3288 2311
Heinrich.Klingenberg@hysolutions-hamburg.de




	Foliennummer 1
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	JIVE �Joint Initiative for Vehicles across Europe
	JIVE �Joint Initiative for Vehicles across Europe
	Foliennummer 9
	Foliennummer 10
	Thank you! 

