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National Hydrogen Center (CNH2)

* Public Research Organization founded as a Consortium by the Spanish Ministry of Economy,
Industry and Competitiveness and the Castilla La Mancha region, 50/50.

Its headquarters are established in:

i

-, A
s

* Oriented to the development of all types of )
‘Puertollano

technology related with hydrogen and fuel cells .
(laboratories, test benches, experimentation [.wes
stations, fuel cells, storage systems, engineering,

safety, standardization...). The objectives are:

/ To perform research, experimentation and validation cﬂ
prototypes and devices.

To develop and scale up processes.

To homologate, certify and verify components and systems.
To foster hydrogen and fuel cell technologies at Spanish
and international level.

To grant the access of scientists and private companies to
their equipment and facilities.

To be the main link between different research centers and
private companies in the scope of hydrogen and fuel cells.
To promote and boost the use of the technologies by
conducting social perception studies, dissemination and
educational activities focused on applications.
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CONTEXT:

Among the alternative technologies
to generate low-carbon heat and
electricity and to replace fossil-fuel
based vehicles, residential fuel cells
(micro-CHP) and hydrogen fuel cell
vehicles (FCEV) are receiving support
towards commercialization in many
countries.

It is assumed that both applications
have mass-market potential and will
have a significant impact on
reducing emissions and primary
energy consumption (Ammermann
etal., 2015).

Public and consumer acceptance will
likely play a role in the successful
adoption of hydrogen and fuel cell
applications.

www.cnh2.es

L
HYdrogen ACceptance \/4'
IN the Transition pHase Hyacinth

The social acceptance is

widely recognized as a key
dimension in the sustainable

implementation of HFC
aldoitsis. _/,»-‘ HYACINTH aims to:

+ ldentify and understand awareness
and acceptance of hydrogen energy
and HFC technologies,

+ ldentify the main drivers of social
awareness and acceptance of HFC

« Support stakeholders with a social
acceptance management toolbox,

{ The projact will locus on the spacific transition
b phase of market implamentation. betwean
cermonstration and rmarket
Combining specific qualitative and quantiative
muathods and samples of 7,000 survays of
Europann citizens and aboul 400 selected
stakehoidon
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DESIGN METHODS
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Belgium .
# France France
. @ 'Germany ... Germany
Studies: ’ '\I'br""_a,y HYACINTH g Slovenia
- ,.-S ove.ma_. project - Spa.m
1. Public awareness and U .t-zl?;_'“ i - United Kingdom
- nited Kingdo - :
acceptance of FCH /.g.g/ ~_
technologies across PUBLIC STAKEHOLDERS
Europe. Public awareness and acceptance of Stakeholder acceptance of FCH

2.Stakeholder acceptance

FCH technologies across Europe:

technologies across Europe:

of FCH technologies
across Europe

Toolbox:

To help promoters and
decision makers
integrate issues related
to social acceptance into
their developments

Survey Survey Semi-structured
1000 participants 333 participants interviews
7 European 5 European 145 participants
countries countries 5 European
\/ countries
Social Acceptance Management Toolbox (SAMT):
To help promoters and decision makers integrate
issues related to social acceptance into their
developments
Q’“MI:[?-.I#;
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This project has received funding from the
Fuel Cells and Hydrogen Joint Undertaking (FCH-JU) under grant agreement N® 621228
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Fuel production :

Information
Political interests : ®
Positive opinions | o
home FCH Attittude change |
Refuelling time | \ I

Environtment and pollution |
Noise pollution |

Other

Reliability and performance
General disadvantages
Preference for alternatives
Danger and safety

Price and cost

Car range

Other e OT IO ariving
@refuelling stations S
T T T T T 1

Hyacinth

Recycling of fuel cells

Other disadvantages

Delivery and installation

Political and companies interests
Suitability for different type of homes
Maintenance, reparations and lifespan

Hydrogen production

Environment, pollution and health

FCEV

Need of information and lack of awareness

Danger and safety

< Price and cost — S

T T T T T E——

9} PAY) 70 60 80 100

This project has received funding from the
Fuel Cells and Hydrogen Joint Undertaking (FCH-JU) under grant agreement N® 621228
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Familiar- Unfamiliar-
opponent (3%) oponent (5%)

Familiar- neutral

7 (10%)

Unfamiliar-
supporter (34%)

Unfamliar-
neutral (20%)

Supporter Neutral Opponent

. I \ r A | r . )
® O O o
MmT 1

Unwaware Aware Unaware Aware Unaware
Aware

This project has received funding from the

Fuel Cells and Hydrogen Joint Undertaking (FCH-JU) under grant agreement N® 621228
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=  Survey content: : .
=  |nnovation systems rationale: successful | ¢ g France

) ) . _German
technologies require stakeholder alignment A .-"-Sloveni:
=  Stakeholder perceptions of hydrogen & spain

technologies
= |n-depth evaluation of either
m Small static hydrogen fuel cell

_ United Kingdom

333 participants

applications . .
= Hydrogen fuel cell electric vehicles Partlc'papts by
(FCEVs) country
= Perception of other actors in the innovation %
system 38%
=  Factors influencing future market
development
23% ’
=  Questionnaire survey during spring 2016 DE mUK ="ES mFR =S|

=  Population: selected stakeholders in 5 countries
= |mplementation: Online questionnaire (by Norstat)
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88 % think that FCH are a good or a very
good solution for energy and
environmental challenges (no country
differences)

Most positive future expectations about
H2-buses and H2 as a means of storage
for renewable energy

Respondents are in favour to further
governmental support for FCH
technologies.

. Heterogeneous affiliations:

Around 33% from private companies (49% FR and 67% SL)

Around 15% from public and government organisations, education systems

and other non-profit (DE, SP).

. Plenty of experience:

>25% have 11+ years of work experience
>21% 5-10 years of experience

. Different fields of expertise: multiple answers were allowed:

>50% work in research
30% on H2 production
25% in systems integration

What are your expectations regarding the
medium-term (5-10 years) market
implementation in your country?

Buses, with
refuelling stations

Cars with refuelling
stations

Portable power
applications

Storage of
renewable energy

Large-scale systems
for prime power...

Back-up power

m-CHP for
commerce /...

m-CHP for homes

www.cnh2.es

M Total
mFR
| ES
B UK

E

mD

1 2 3 4
Very negative (1)—very positive (5)

This project has received funding from the

Fuel Cells and Hydrogen Joint Undertaking (FCH-JU) under grant agreement N® 621228
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Static applications

Most challenging: cost disadvantages
Less challenging: safety issues and
technological maturity.

Public acceptance, regulatory issues
Support for research and development
is favoured over funding for
demonstration project and subsidies
on purchase prices.

Professionals from the same sector
and researchers are perceived as most
familiar, the public’s familiarity lowest.

= Mobile applications

Most chaIIengig: providing refuelling
points followed by costs

Less challenging: safety

They favour FCEVs over other drivetrains
/ fuels. The highest competition >
battery electric vehicles

Public funding: Support for research and
development and providing
infrastructure is most important;

demonstration project and subsidies for
vehicles less relevant.

Professionals from the same sector and
researchers are perceived as most

familiar, the public’s familiarity lowe
Lecd),
/

This project has received funding from the

Fuel Cells and Hydrogen Joint Undertaking (FCH-JU) under grant agreement N°® 621228
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=  Perceptions of hydrogen supply and use
Strengths: Key expectations:

= Environmental performance of hydrogen
(despite the scepticism of the inefficiency
of combining multiple conversion
processes)

= Versatility: energy storage vector for
renewable energy supply (per se and in
relation to electrical grid balancing)

= Positive view: market development
expected by many in the relatively
near term.

= Uncertain future for hydrogen and a
high degree of conditionality on
government policy support.

Weaknesses:

= Cost

* Limited awareness among regulators and
government

" Inadequate or excessive regulation

= Competition from alternative technologies

= Lack of commercial support and lack of
markets

* Immaturity and durability

= General lack of infrastructure

= Perceived safety issues
This project has received i 3 FCH &
Fuel Cells and Hydrogen Joint Undertaking (FCH-JU) under grant agreement N® 621228 g e

Recommendations:

= More government and political
support is required

= Need to inform and engage
stakeholders

= Additional R&D to reduce costs
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= Perceptions of static applications

Strengths:

= H2FCs for portable power (could also be
bracketed with the potential for uninterruptible
power)

* Integration with existing infrastructure (UK
respondents only)

= Efficiency of fuel cells (reducing the pressure on
the electrical network)

= The capacity to offer domestic and non-
domestic CHP, power and heat, including high
power.

Weaknesses

= Cost & Investment costs

= Complexity of the system and its components
= Perceived and ‘actual’ safety

= Competition from alternative technologies

= The challenge of finding commercial partners

Fuel Cells and Hydrogen Joint Undertaking (FCH-JU) under grant agreement N® 621228

Key expectations (mixed):

= Expectations expressing a
positive inevitability for the
technology

= Uninterruptible supply systems as
one such niche (German
respondents only)

= Stationary uses being more likely
than mobile uses (UK
respondents only)

= Hydrogen being used as a storage
medium as key to the take-up of
static applications (UK
respondents only)

Recommendations:

= Government support
= Regulatory support particularly
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= Perceptions of mobile applications

Strenghts: Expectations:
= Operational performance: long = Specific vehicle fleets being the first to use FCH
range, short refill times, high technology
torque, strong performance = Niche uses first or only
generally and relative to alternatives = Tighter emissions standards driving FCH use
= Ease integration with existing = Battery electric vehicle (BEV) with FCH being the
infrastructure most likely option
= Suitability for specific fleets * Transport corridors being first to support FCHs
Weaknesses: Recommendations:
= Financial cost = Governmental, political and regulatory
= Perceived competition with other support
technologies = R&D to support cost reductions
= Lack of infrastructure = Commercial partner support
= Limited awareness and support by regulators * More communication and engagement
and government generally, including of publics

= |[nadequate or excessive regulations, codes = Investment in refuelling infrastructure
or standards

= Safety | @
2 - ‘fé{
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* Less than half of the population in the seven countries is aware of the
existence of hydrogen and fuel cell technologies in the context of energy
production.

* Public awareness is significantly lower for residential applications and higher
for hydrogen fuel cell vehicles.

* The majority of the population in the seven studied countries have a positive
initial attitude towards HFC technologies. The label associated to hydrogen and
fuel cells seems to invoke positive feelings and thoughts among respondents.

* \Variation across countries: associated with differing levels of government
investment in R&D programmes.

* R&D stakeholders have a strong positive appraisal of HFC technologies, but
with limitations:

— cost and limited regulatory, political and commercial support;

— competition from other technologies and inter-related obstacles.
* Stakeholders view: medium to long term rather than near term.
 HFC technologies view: realistic niche potential in the shorter term

— uninterruptible power, auxiliary power and high power demand such as fork
liftts and heavy goods vehicles
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OBJECTIVES
Comparative deployment of HRS between 2015-2030
-m 2025 | 2030 |
-WWWWW
200.000  £00.000 B
2015-2020 100
HRS 180 320 2020-2025 400 300 80 355 185 100 1000 168
2025-2030 900 1100 200 600 500

Status of MESs Las of May souh)
- Busdget secured: 8 stanions

- Open: 78 station ; % of HR'S respect to conventional service stations

L]
5 Reino Paises Bajos Dinamarca | California
sl spea] . . Unido
i el - »

“ e " - Estaciones [14.000 8.600 4.2 12000 1975 10.000 34000 13.000
Fukwolks area . pae “ de repostaje
i A 20152020 07% 08%  05%  02%  08%  07% 03% 03%
\ b 3¢ e 20202025  2,8%  3,5%  19%  3,0%  94%  10% 29% 1,3%
R — 0 S 20252030 6,2% 12,8%  4,8% 5,0% 3,8%
H, Price: [PY 1000 - 100 [ kg H. (USE B 706 feaad—. ) ] )
Figurs 4 HRS Deployment in J,,,,. Average for 2020: 0,5% Average for 2015: 2,5% Average for 2030 5%

* H2 Pricein HRS: 8,9-9,6 USD/kg. (_ EDO Comparative deployment of FCEV between 2015-2030
MANUFACTURERS

" TOYOTAMIRAY solds 3.500 (65.000€) T I el s

+ HONDA CLARITY: launched in 2016 (67.000 €) 2015-2020 20000 1500 1000 1.000 15.000 5.000
£ 2020-2025  100.000 300.000 15.000 100,000 100.000 100.000 50.000

2025-2030 1800000 1.600.000 150.000 S00.000  300.000 500.000

H2PiyR Project -INTERREG: Next building of 4 new HRS (Zaragoza, Huesca capital, Fraga-Huesca,
Tarragona). There will be a total of 10 HRS.

HyMIC Project -CEF mechanism: Model for the deployment of hydrogen infrastructures in the Iberian
corridors. Partners: Enagas, AeH2, Calvera, FHA, CINH2, Tovota, IDIADA, ZoiloRios, H2B2, Indho,

“‘ Abengoa and Scalegas.

" THE CHACKEN -OR-THE (HWXEN €66 W o
S
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EL NUEVO “CONSEJO DEL HIDRGGENO" SE PRESENTA EN DAVOS

"  Trece empresas lideres mundiales en el mbito de la energia, el transporte ¥ la industria
han presentado en Davos una iniciativa plobal para promover conjuntamente la transician
energiética hacia el hidrégeno.

How hydrogen empowers
the energy transition

Hwtrogan Counol Jmaassy #00
El "Consejo del hidrégeno™ se ha presentade durante el fore econdmico de Davos come la primera
iniciativa mundial en este campo integrada por representantes de 13 empresas y entidades, gue
buscan situar el hidréreno como una de las soluciones clave de la transicion energética.
| BMW
w ALSTOM @Wﬂwn GROUP DAIMLER
Crealfive ':JJ??I'\M

L
HONDA. @ HYUNDAI ulawa-.ftu @ THE LINDE GAOUP aTcrml. TOYOTA

CHNGIC

*Thirteen leading energy, transport
and industry companies have
launched a global initiative to voice a
united vision and long-term ambition
for hydrogen to foster the energy
transition. The CEOs of the
participating companies used the
occasion of the World Economic
Forum in Davos to kick off this
important activity.

*A report entitled "How Hydrogen
empowers the energy transition" —
commissioned by the Hydrogen

| Council — sets out the vision of the

Council and the key actions it
considers fundamental for policy
makers to implement, to fully unlock
and empower the contribution of
hydrogen to the energy transition
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FCH 2 JU

~ TRANSPORT PILLAR
~ ENERGY PILLAR

- Hydrogen production
- Stationary Fuel Cells
- CROSSCUTTING

4 Mew Energy Wﬂ[}g

Tk S ke b ks By

OSTENIBILIDAD

Smart, green and integrated Transport

4 areas generales
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@ M

eurostars™

IBERC@ EKA
| s |

| uniaTERALES

HORIZON 2020

Objetives ganerales

Responding to the econemic crisis by investing in future jobs |
J

Strengthening tha EU's global position in researnch,
innovation and technol

Addressing people’s concerns about their livellhoods, Eafetv

and environmeank

Centributing to sustainable development (at least 35% of

= ISuppurtlng EU policies - Europe 2020 / Energy Union |

FAST TRACK
TO INNOVATION

INTEGRACION Y {C GI“-."IFETITI"JIDA

Vehiculos
ecologicos
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FCH 2 JU Objectives

{COUNCIL REGULATION {EU) Na 559/2014 of 6 May 2014 establishing the FCH 2 JU)

Reduce the production cost of fuel cell systems to be used in transport
applications, while increasing their lifetime to levels which can compete with
conventional technologies

Increase the electrical efficiency and the durability of the different fuel cells used
for power production to levels which can compete with conventional
technologies while reducing costs

Increase the H2 production energy efficiency mainly from water electrolysis &
renewable sources while reducing costs, so that the combined system of the H2
production and the conversion using the fuel cell system can compete with the
alternatives for electricity production available on the market

Demonstrate on a large scale the feasibility of using H2 to support renewable
energy sources integration into the energy systems, incl. through its use as a
competitive energy storage medium for electricity produced from renewables

Reduce the use of the EU-defined “critical raw materials”, for instance through
low-platinum or platinum-free resources and through recycling or reducing or
avoiding the use of rare earth metals
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Transport Pillar

Main focus:

. Continue support large demonstrations in various road transport applications with a focus
on large fleets and new transport modes (urban garbage trucks).

. Complementary research activities in key technologies for the cost reduction of fuel cell

vehicles. e Budect
: : nd. Budge
e Topics (2017): Topic Type of Action M EUR

FCH-01-1-2017: Development of fuel cell system
technologies for achieving competitive solutions for RIA 5
aeronautical applications

FCH-01-2-2017: Towards next generation of PEMFC: Non-

PGM catalysts RIA 2. 75

FCH-01-3-2017: Improvement of compressed storage
systems in the perspective of high volume automotive RIA 4
application

FCH-01-4-2017: Demonstration of FC material handling
and industrial vehicles

FCH-01-5-2017: Large scale demenstration in preparation
for a wider roll-out of fuel cell bus fleets (FCB) including
new cities — Phase two

FCH-01-6-2017: Large scale demonstration of Hydrogen
Refueling Stations and Fuel Cell Electric Vehicle (FCEV)
road vehicles operated in fleet(s)

FCH-01-7-2017: Validation of Fuel Cell Trucks for the
Collect of Urban Wastes

1A 42.5
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Hidrégeno Energy Pillar

Main focus: Hydrogen Production

Aim for breakthroughs in electrolysis to increase H2 from RES: Novel concepts and
upscaling.

Innovative concepts: game changer and reversible electrolysers; testing according to
protocols of JRC for FCH JU; largest single electrolysers demo to date (10 MW); liquid
organic hydrogen carrier.

Toplcs (2017

FCH 02-1-2017: Game changer Water Electrolysers

FCH-02-2-2017: Game changer High Temperature
RIA 3
Steam Electrolysers

FCH-02-3-2017: Reversible Solid Oxide Electrolyser

(rSOC) for resilient energy systems A =
FCH-02-4-2017: Highly flexible electrolysers balancing

i : IA 5
the energy output inside the fence of a wind park
FCH-02-5-2017: Demonstration of large electrolysers 1A 10
for bulk renewable hydrogen production
FCH-02-6-2017: Liquid organic hydrogen carrier RIA 25
FCH-02-12-2017: Demonstration of fuel cell-based
energy storage solutions for isolated micro-grid or off- 1A 5

grid remote areas




¢H/ FUTURE OPPORTUNITIES e

Hidrégeno Energy Pillar
Main focus: Stationary Fuel Cells

. To use innovative design and manufacturing in order to improve performance and lower
the cost of fuel cells; to repeat the success story of residential fuel cell systems in the
commercial segment.

. Innovative concepts: Flexible fuel cell power plants for grid support, transportable FC
gensets for urban applications, next generation SOFC stack.

e Topics (2017): . Typeof | Ind. Budget

FCH-02-7-2017: Development of flexible large fuel cell

. RIA 4
power plants for grid support
FCH-02-8-2017: Step change in manufacturing of Fuel

RIA 3

Cell Stack Components
FCH-02-9-2017: Development of next-generation SOFC

! . RIA 3
stack for small stationary applications
CH-02-10-2017: Transportable FC gensets for temporary A
power supply in urban applications
FCH-02-11-2017: Validation and demonstration of 12.5
commercial scale fuel cell core systems within a power 1A

range of 10-100kW for selected markets/applications
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Main focus: Call 2017 Overview

. 4 topics addressing Regulations, Codes and Standards by means of Pre-Normative Research.
— 3 topics focus on storage, transport and suplly of hydrogen.
- 1 topic focused on performance and durability of fuel cells.

e Topics (2017):

. . Ind. Budget
Top|c Type of Action M EUR

FCH-04-1-2017: Limiting the impact of

contaminants originating from the hydrogen RIA
supply chain
FCH-04-2-2017: Harmonisation of hydrogen gas CSA
trailers
6.25
FCH-04-3-2017: European Higher Training
. CSA
Network in Fuel Cells and Hydrogen
FCH-04-4-2017: PNR for a safe use of liquid i
hydrogen
FCH-04-5-2017: Definition of Accelerated Stress
Testing (AST) protocols deduced from RIA 25

understanding of degradation mechanisms of
aged stack components in Fuel Cell systems
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LIFE 2014-2020 - Priority Areas @)

’ HYTECHPARK
Environment sub-programme
Environment & Resource Efficiency (ENV-RE) _ i
. ] virtually no CO2 emissions.
Nature & Biodiversity (NAT, BIO) 2. Promoting sustainable mobility.

S e e e e VEGRE e S et e (e 3, Dissemination the technologies

Climate Action sub-programme used to the general public and

_ i interested scientific and
Climate Change Mitigation (CCM) . . . .

: 3 industrial sectors in particular.
Climate Change Adaptation (CCA) .

Climate Change Governance & Information (GIC)

1. Achieving a building with

Stronger emphasis on:

1. Long term sustainability of the project.
2. Replicability and transferability.

3. Impacts (impacts indicators)

Opportunities for project funding under the 2017 call for
proposals on close-to-market environmental solutions,
biodiversity, and climate change adaptation and
mitigation.
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interreg H interreg E  2014-2020

Cy l"‘ﬂﬂ

A

£ vierveg .
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5 » 1&;1 » ,s8% » 107

ouf of
programmes
goals of 3 5 1 * 8
EU's Cohesion Policy €bnCohesion

Policy
(2013 prices)

MED

manle

4 i Cross-border Transnational Interregional
Pk s Interreg VA Interreg VB Interreg VC
AL
LT Y S ey Cooperation 6 6 4 Cooperation programmes
", Cana programmes 83 .
. E PR Infernal Barders t:lnllmn~ 1 5 Losperalin :::[E::;; FUROPE
12 WIV:Is't.r"r:EnlrfurPrs ession %ﬁi% URBACT 0 5
2.1 i ESEON *
(Inferreg) EN| CBC T ehillion
[ ] | H I d I H ]6 European Neighbourhood 634
t supports regiona evelopment N imrument enilion

Southwest Europe financing transnational
projects through the European Regional

Development Fund (ERDF) with a total budget Eligible regions .
of 141 million Euros. The projects approved must be organised

e The Programme promotes transnational by public or private partners from regions
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“Itis increasingly understood
that the success of innovative

energy technologies is
dependent not only upon the
technical characteristics of these
technologies, but equally on
supportive social, political and
economic contexts (EC, 2014 and
2015; OECD, 2014).”
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