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Source: K. Kendall et al, University of Birmingham, 2012
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7

Source: P. Maulberger, Ecosummit 2012, Berlin, 2012

, – 2010

8

Unit: mill $
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,

9

FCH JU H2020 :

2014 EC , (Joint Technology Initiative),
EU Horizon 2020 Framework Program 2014 2020 EC

, (50:50) 13.3 .

1. European Commission
2. The New Energy World Industry Grouping (NEW-

IG) – represents fuel cell and hydrogen industries
3. Research Grouping (N.ERGHY)– represents the

research community

, EU , The Fuel Cells and
Hydrogen Joint Undertaking (FCH JU) .

FCH JU EU , EC Council Regulation 2008 5
, , (public private partnership)

.

FCH JU 3 ….

, 2010-2020

10

: 2020
(cost/kg)

:
(FCEv)

, :
(economically viable) ,

(Early
Market Applications)

, ,
(RCS, Regulation, Codes & Standards) Hydrogen economy cycle
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Actions /

11

, 100 MW (50 t/d)

2020 GWh 4 , 100+MWe

Peak

2020 10 3 t/d biomass/biogas-based

2020 10 2 t/d
(2015 2

)

2 ,
( , ,

CCS

(carbon neutral) “Hydrogen
Production to Car” (2015
10 , 2020 50 )

Considered hydrogen production pathways (Source: TU Wien, 2014)

Actions /

12

( , , )

( )

2020 3 ,

FCEV supply chain

(European Smart Cities Initiative)

EU 1,000 , 2020

(2015 100 3,000 )

EU 2015 2018 100

,

2020

. ( 6-7 )

2020 100 (Auxiliary Power Unit,

APU) (2015 10 )
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Actions /

13

(micro-Combined Heat

and Power systems, m-CHP)

( , , )

2015 1,000 m-CHP

20 (2020 50,000 )

CHP ( ,

, )

2015 ,

20 CHP (2020 200

(first-of-a-kind

commercial systems)

Actions /

14

.
(diesel generators, diesel engines, batteries)

: 2015 5,000 ,
2020 20,000 , 250-
500

(Back-up power): 2015
9,000 , 2020

20,000

: 2015
10,000 , 2020
250,000
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Actions / , ,

15

(RCS, Pre-Normative Research (PNR) and Social Acceptance)

RCS (Regulation, Code and Standards)
( , )

feed back

, ,

, (2002 – 2006)

16

Source: EC, European Hydrogen and Fuel Cell Projects, 2002 - 2006

(16.8$)

(8.0$)

FC
(8.1$)

,
(19.3$)

(19.3$)

(8.1$)

, , ,
(4.9$)

,

(8.8$)

FC
(6.5$)

>>>
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(Technology Road Map, 2010-2020)

17

18

( , ) 500 MWe
( , , , ,

) – Power-to-Gas

, 100ton/day

( , , · )
50%

50,000 (FCEVs) 1,000+ (
)

50,000 500MWe

(Transformation
of European Energy Sector )

20,000 ,
20,000
(Back-up power and UPS), 250,000
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EU Fuel Cells and Hydrogen Joint Undertaking
: 2014 – 2020 €17.9 billion ( 23.8 ) – +

,
.

E&D : €6.4 billion,
: €11.5 billion

Source: New Energy World Industry Group (2011)

(Total Cost of Ownership)

20

(acquisition cost and the
operational costs).

(Benchmark
technology)

.

2014 2020

.
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2008 100%
Project overheads

4 (BMVBS (Chair), BMWi, BMBF, BMU)
(Advisory board)

, NOW GmbH, A
National Organization Hydrogen and Fuel Cell
Technology (Nationale Organisation für Wasserstoff
und Brennstoff Technologie) .
NOW GmbH …

NIP: National
Innovation Program

BMVBS:
Federal Ministry of Transport,
Building and Urban Development

BMBF:
Federal Ministry of
Education and Research

BMWi:
Federal Ministry of
Economic Affairs and
Energy

BMU:
Federal Ministry of
Environment

, – NIP (1)

22

€500 million €200 million
R&D

€700 million
Matching

€1.4 billion
2007-2016

,

R&D

,

,
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, – NIP (2)

: 54%

: 36%
: 10%

(%)

R&DD Projects

24

R&D (Demonstration)

(2007-2016)
, , ,

(Cross-cutting)

( : 1,000 Euro)
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: ,
1 : 2008 9 Callux Project
5 , 3 ,

: 2015 800 €800 million
7 : SOFC, LT-PEM, HT-PEM
1 R&D Project:

Callux, Germany’s biggest practical test for fuel cell heating systems for domestic
use, is a project launched together with partners from industry and supported by the
German Federal Ministry of Transport and Digital Infrastructure (BMVI). Callux project
is coordinated by the Center for Solar Energy and Hydrogen Research (ZSW).

Callux Project

26

, (Marketable products)

(Supply chains)

(product profile)

(market partners)

(Validation)
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Hexis fuel cell heating appliance: Galileo 1000 N

27

CHP section
Type: Solid oxide fuel cell (SOFC)
Output (e/th): 1.0 kWe/2.0 kWth
Modulation range: 100-50%
Fuel: natural gas, bio-methane
Electrical efficiency: (NCV) > 30-35%
Total CHP efficiency: > 92%

Integrated auxiliary heater
Type: condensing appliance
Output: 4-20 kW
Efficiency: 109% (hN at 40/30 C)

Complete system
Total efficiency: > 95% (to EN 50465 at 60/40 C flow /return)
Dimensions (mm): 550 long x 550 wide x 1,600 high
Weight: approx. 170 kg
Housing: coated, fully enclosed
Natural gas pressure: 20-25 mbar (EN 437)
Electrical connection: 230 V/50 Hz
Operating mode: heat-controlled, energy manager-controlled;

remote control option

FC CHP

28

( )

>>> 60$
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A/S

29

>>> A/S 90$

( )

, E-Mobility Programs

30

E-mobility (Electric Mobility) Program 3
(three major pillars) ..

¤ increases efficiency
¤ has potential for CO2-free mobility

Electrification relies on the key technologies of battery-electric and
fuel cells

- 19 -
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(FCHs)

31

CO2 . (CO2-free transportation)

Clean Energy Partnership (CEP)– FCV Fleet

32

2012

80 Daimler B-series F-CELL
20 Opel Hydrogen4
8 Volkswagen Touran, Caddy, Tiguan HyMotion,
Audi Q5-HFC
5 Toyota FCHV
2 Honda FCX Clarity
Hyundai has recently joined the CEP
7 Fuel Cell Busses (Evobus) in Hamburg
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34
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( )

35

2015 50 , 2017 100~1,000 ,

CEP 2003
, 2010 NRW

Baden , 2011
Hessen, Stuttgart .

(CEP 40 )
H2 Mobility (2009 ) ,
14
BMVBS (the German Ministry of
Transport, Building and Urban
Development)
NIP

(needs-

driven supply)

NOW GmbH CEP

NRW

36

( : Energy Region NRW, 2009

NRW(North Rhine Westphalia) NRW
Hydrogen HyWay 2008 2011 10

, 5 ,

2009 2

25,000km
, 500
. 2011 4

18m
.
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37

When?
Who?

Since 2006
CEP/NIP

For the next 5 - 10 years
H2 Mobility and CEP/NIP

Around 2020
H2 Mobility and free

market

Goals

HRS technology up
and running
Costs significantly

reduced

Proof of HRS, FCEV
technology,
and H2 supply chain
Customer acceptance

of FCEVs
Attractive business case

for next phase

Scaled nationwide HRS
network to enable FCEV
mass take-up
Profitable, high-growth

business

!!

38

International Partnership for Hydrogen and Fuel Cell in the
Economy (IPHE)

IPHE , R&D, ,
2003

EC 17

, , , ,

IPHE GDP GDP 85%, 75%, 65%

IPHE members: Australia, Brazil, China, European Commission, France, Germany,
Iceland, India, Italy, Japan, Republic of Korea, Republic of South Africa, New Zealand,
Norway, Russian Federation, United Kingdom, United States
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- Activities and Priorities

39

Current IPHE Activities IPHE Priorities

Workshop Series
Infrastructure
Governmental Programs on

E-mobility
Demonstration
Stationary Applications
Hydrogen as Large Scale

Energy Storage

Virtual University and Global
Student Competition
HFC Global Commercialization &

Development Update
Working Paper on Global Policy

Update

Accelerating market penetration and
early adoption of hydrogen and fuel
cell technologies and their supporting
Infrastructure

Policy and regulatory actions to
support widespread deployment

Raising the profile with policy-makers
and public

Monitoring technology developments

For more information, see http://www.iphe.net

40

Source: FCE, 2011
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41

:
: , , , (tank inertization)

: Ferry, yacht, research und trade vessels, navy vessels
: Sulfur-free diesel, XTL, H2

42

- 25 -



2015-10-01

22

43

44

Renewable Energy

Hydrogen Supply
+

Grid Stabilization

Source: McPhy, 2012 (modified)
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45

(Pick power)

. (Valorization of Renewable Energy)

: , , 2008

46

Source: Alex Körner, IEA, 2012
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( )

47

Source: P. Maulberger, Ecosummit 2012, Berlin, 2012

Wind-Hydrogen for Mobility

48

hydrogen as part of an
integrated energy system

renewable hydrogen as fuel
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Wind, Biomass

49

2020

MW

>>
(NOW)

2020 Biomass

(NOW)

EU

50

( ) , ,
, .
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Scandinavian Hydrogen Highway Partnership (SHHP)

51

The Scandinavian Hydrogen Highway
Partnership (SHHP) consists of regional
clusters involving major and small
industries, research institutions, and
local, regional and national authorities.

The national networking bodies –
HyNor in Norway, Hydrogen Sweden in
Sweden and Hydrogen Link in
Denmark are acting as SHHP
coordinators.

All activities are based on effective
collaboration across the borders and
are backed with strong public and
private support in terms of funding,
attractive financial tax exemption
schemes and investments

Source: Website of SHHP

HyNor project

52

Phase 1. 2003–2009: HyNor had the aim to demonstrate the
technology by enabling hydrogen vehicles to drive and refuel along
this road from Stavanger to Oslo;

Phase 2. 2010–2012: HyNor aimed at an increasing density of
refueling stations in the capital region and at a larger fuel cell
vehicle fleet;

Phase 3. 2013–2015: HyNor will prepare the commercialization of
fuel cell vehicles in the Norwegian market, in cooperation with
other projects in neighboring countries.

,
. (Akershus Energy Park Norway)
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Corridor

53
Source: HyNor webpage

HyNor project Corridor Southern
Norway, encompassing Oslo, Grenland, Stavanger .

HyNor Lillestrøm

54

Source: Gjerløw, HyNor Lillestrøm
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1. Fuel Cell and Hydrogen Technology in Europe
The New Energy World Industry Grouping (NEW-IG), 2011

2. Hydrogen and Fuel Cell Activities in Germany
Klaus Bonhoff , NOW GmbH, 6th International Workshop on
Hydrogen and Fuel Cells, Campinas, Brazil, October 3-5, 2012

3. P. Maulberger, Ecosummit 2012, Berlin, 2012

4. Website of McPhy

5. Website of New Energy World Industry Group

6. Website of Energy Region NRW

7. Website of SHHP

8. Website of HyNor
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