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1. Chal rmanodos Wel come

| am pleased to present the Annual Report of the Technology Collaboration Programme on Advanced Fuel Cells (AFC

TCP), a branch of the International Energy Agency (IEA).

2015/2016 were good years for fuel cells. The ongoing uptake of renewable energy technologies has resulted in sub-
stantial segments of the energy supply being decarbonized and sharply declining costs. The key to a sustainable ener-
gy world is the flexible use of the electricity supplied by the wind and sun i especially in energy consumption sectors
that are still largely bound to fossil energy: transportation, heat and heavy industry. Hydrogen is expected to play a
major role in enabling the storage of this volatile energy. And fuel cells offer a high electrical efficiency of up to 60%,
even on a small scale. This makes them attractive for use in future, fully renewable energy systems. Their ability to use

hydrogen as a fuel simplifies the system design while facilitating the dynamic capabilities of this technology.

The fuel cell sector is continually expanding. Although it has not been widely publicized, many major cities are installing
fuel cells as auxiliary power sources for essential services in the event that the grid goes down. Railroad and telecom
companies use fuel cells to power communication towers and signaling infrastructure. Major corporations have also
been installing fuel cell systems on a wide scale, powering retail sites, data centers and other facilities. Fuel cell-
powered forklifts have also been deployed in warehouses and distribution centers around the globe. A growing number
of fuel cell-electric vehicles have become available for purchase or lease and fuel cell buses are in operation in several
countries. Despite all of these developments, the potential of fuel cells is far from having been reached and much work

remains to be done.

The fuel cell annexes of this Technology Collaboration Programme are dedicated to fostering the research and devel-

opment of fuel cells for both stationary and portable applications, as well as for transportation.

Any company or institution of an IEA member country is invited to join our Annex, under the guide of which technical
work to develop and better understand fuel cells is being performed. Interested companies or institutions from non-
member states are also welcome to contact us to consider membership. Moreover, we are happy to welcome compa-
nies and organizations to Executive Committee meetings on a sponsorship basis, providing direct access to the most

current international technical discussions on fuel cells and the opportunity to expand an international network.
For further information, please see our website at www.ieafuelcell.co or contact us directly via email:

secretariat@ieafuelcell.com.

Prof Dr Detlef Stolten
Chairman of the Technology Collaboration Programme on
Advanced Fuel Cells

Professor Stolten is Director of the Institute for Energy and Climate Research - Electrochemical process Engineering
at Research Center Julich, Germany. His research focus is on electrochemistry, chemical engineering and systems
analysis for DMFC, HT-PEFC and SOFC technology.







2. Introduction

The aim of the Technology Collaboration Programme on Advanced Fuel Cells is to contribute to the research, devel-
opment and demonstration (RD&D) of fuel cell technologies. It also disseminates information on fuel cell technologies

to all its member countries and organizations.

The international collaboration that we create in the AFC TCP aids RD&D efforts by directly sharing information and
new developments, focusing on the key areas  important to member countries, companies and research institutions.
The collaboration between countries facilitates the creation of demonstration programmes, and identifies the barriers

for market introduction of fuel cell applications and works to lower them.

The AFC TCP is in a unique position to provide an overview of the status of fuel cell technology and deployment in its
member countries, and the opportunities and barriers they face. Our focus is to work together to improve and advance

fuel cell technology.

Key messages i facts

A The installation of stationary fuel cells is still increasing significantly. As of December 2015 the number of
residential fuel cell systems in Japan reached 154.000 units. The experience from Japan from large vol-
ume manufacturing and operation has created an export market for Japanese fuel cell industry.

A The successful fuel cell market in the US is strongly depending on public support especially the Federal
Tax Credits that will end December 2016 and are not yet renewed. The fuel cells include PEMFCs,
MCFCs, PAFCs, forklifts, backup power, and those rated at and above 0.5 kWe.

A Virtual prototyping is a cost-effective method to optimize fuel cell designs scientifically and computer mod-
els go hand-in-hand with (physical) laboratory experiments.

A Water electrolysis technologies are well established, reliable and robust, with key challenges relating to
scaling up, decreasing investment costs and improving performance.

A The cost of Fuel Cell Electric Buses has consistently decreased over time but remains a challenge, as
does the lifetime, although fuel economy is better than diesel and CNG.

Key messages i observations

A PEFC, fuel cell research activities in China, India, Brazil etc. are developing rapidly, and fuel cell transport
research in general is benefitting from the introduction of FCEVs onto the market. Developments in mate-
rials for improved durability continue.

A Fuel cell research activities appear to benefit from the recent introduction of commercial Fuel Cell Vehi-
cles (FCVs) to market by Toyota, Hyundai, and Honda.

A Fuel cell materials aimed at reducing cost and improving durability (e.g., low Pt catalysts, non-platinum
catalysts, graphitic or non-C catalyst supports, hydrocarbon membrane, low-cost bipolar plates) become
increasingly important in wide-spreading the commercial market.

A For portable applications, the most significant applications are off grid systems and range extenders for
electric vehicles. A new generation of products might change this.

A New directives from EU and other regions can facilitate the market expansion of stationary fuel cells.



2.1

THE INTERNATIONAL ENERGY AGENCY

The IEA is an autonomous agency that was established in 1974. The IEA carries out a comprehensive programme
of energy co-operation among 29 advanced economies, each of which is obliged to hold oil stocks equivalent to 90

days of its net imports. The aims of the IEA are to:

A Securemember countriesd6 access to reliable and ampl e

maintaining effective emergency response capabilities in case of oil supply disruptions.

A Promote sustainable energy policies that spur economic growth and environmental protection in a global con-
text - particularly in terms of reducing greenhouse gas emissions that contribute to climate change.

A Improve transparency of international markets through collection and analysis of energy data.

A Support global collaboration on energy technology to secure future energy supplies and mitigate their envi-
ronmental impact, including through improved energy efficiency and development and deployment of low-
carbon technologies.

A Find solutions to global energy challenges through engagement and dialogue with non-member countries, in-

dustry, international organizations and other stakeholders.

To attain these goals, increased co-operation between industries, businesses and government-funded energy
technology research is indispensable. The public and private sectors must work together, share burdens and re-

sources, while multiplying results and outcomes.

The multilateral technology initiatives (Technology Collaboration Programmes) supported by the IEA are a flexible
and effective framework for IEA member and non- member countries, businesses, industries, international organiza-
tions and non-governmental organizations to research breakthrough technologies, to fill existing research gaps, to
build pilot plants, to carry out deployment or demonstration programmes i in short to encourage technology-related

activities that support energy security, economic growth and environmental protection.

More than 6,000 specialists carry out a vast body of research through these various initiatives. To date, more than 1,000

projects have been completed. There are 41 Technology Collaboration Programmes (TCP) working in the areas of:

A Cross-Cuitting Activities (information exchange, modelling, technology transfer).

A Energy End-Use (buildings, electricity, industry, transport).

A Fossil Fuels (clean coal, enhanced oil recovery, fluidized bed conversion, gas and oil technologies, green-
house gas mitigation, supply, transformation).

A Fusion Power (international experiments).

A Renewable Energies and Hydrogen (technologies and deployment).

The IAs are at the core of a network of senior experts consisting of the Committee on Energy Research and Tech-
nology (CERT), four working parties and three expert groups. A key role of the CERT is to provide leadership by
guiding the IAs to shape work programmes that address current energy issues productively, by regularly reviewing
their accomplishments and suggesting reinforced efforts where needed. For further information on the IEA, CERT

and the IAs, please visit www.iea.org.


http://www.iea.org/

2.2 THE TECHNOLOGY COLLABORATION PROGRAMME ON ADVANCED FUEL CELLS

The Technology Collaboration Programme on Advanced Fuel Cells is a Programme of Research, Development and
Demonstration on Advanced Fuel Cells (AFC TCP), designed to advance the state of understanding of all Contract-
ing Parties in the field of advanced fuel cells. It achieves this through a co-ordinated programme of information ex-
change on the research and technology development underway internationally, as well as performing systems
analysis. The focus is the technologies most likely to achieve widespread deployment i molten carbonate fuel cells
(MCFC), solid oxide fuel cells (SOFC) and polymer electrolyte fuel cells (PEFC) and applications of fuel cells, specif-
ically stationary power generation, portable power and transport. There is a strong emphasis on information ex-
change through Annex meetings, workshops and reports. The work is undertaken on a task-sharing basis with

each participating country providing an agreed level of effort over the period of the Annex.
The current period of the AFC TCP is February 2014 to February 2019.

This report gives an overview of the status, progress and future plans of the programme, summarizing the activities

and decisions of the Executive Committee, as well as of each of the Annexes during 2015 and 2016.

The scope of the AFC TCP Programme for 2014 to 2019 is shown in Fehler! Verweisquelle konnte nicht gefun-
den werden..

Table 2: Scope of the AFC TCP from 2014 to 2019

Information management Implementation and applicationissues  [Technology development

Applications:

Stationary, mobile, portable

[Technologies: Electrolysis, SOFC, PEFC
Co-ordination within the TechnologyMarket issues Environmental issues Cell and stack

Collaboration Programme . .
9 Non-technical barriers

(e.g. standards, regulations) A Cost and performance
Co-ordination with other Technolog) A Endurance
Collaboration Programmes A Materials

User requirements and evaluation o A Modelling
demonstrations. A Test procedures

Public awareness and education i i S o s

Balance of plant:

A Tools
A Availability
A Database
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2.3 NATIONAL OVERVIEWS

In this section, we provide a summary of each member ¢ o u n tposiiod with regard to fuel cells in 2016, which is
often related to their national priorities within the energy arena. At the end of each country profile, there is a table

summarizing the developments and state of play of fuel cell technologies within the country.

2.3.1 Austria
The major energy policy goals of Austria are to stabilize energy consumption at 1,050 PJ by 2020 and to reduce
greenhouse gas (GHG) emissions by 16% (base year: 2005) by 2020. Renewable energy in Austria should
contribute with 34 % by 2020. The R&D programmes strategically cover fuel cell topics to support the development
of innovative companies in this field. In the last few years, between 2 and 8 million have been spent on national fuel
cell and hydrogen projects. The European commission set out the aim of reducing CO, emissions by 36 % by 2030

(2005 = 100).

Fuel cell projects in the mobility sector are focused on competitiveness, and solutions to modernize and 6 gr e e n 6

the transport system. In total, about 500 projects with public funding of EUR 118 million have been supported over

the 1 ast few years. The new pro@g2@2ntneqg, OoMobvildesy arf drhreuaHl
approximately EUR 15 million for R&D in the whole transport sector. Hydrogen and fuel cell projects play als a major

role in this programme.

Since 2015 a major demonstration programme - including up to 20 - 30 micro combined heat and power (m-CHP)

fuel cell systems in Austria i has been implemented.

In the case of portable power units or transportable power generators many products in prototype stage exist, but
the number of products that are commercially available on the market is still small. The drawback of most of the
available products is the resulting price of energy, especially for products with single use cartridges. Systems with
metal hydride storage that are based on the refill of the cartridge require additional charging stations for the hydro-

gen production by water electrolysis. Presently, there are no official statistics on the number of units used in Austria.

Table 3: Summary of Austrian fuel cell information

Description Number  Details, comments and companies involved
of units
Up to 30 systems (m-CHP) have been planned and implemented in Austria within the
20-30 enefield demonstration project. Presently there are 20-30 units realised. Vaillant,
Viessmann, Elcore and Bosch are involved.

Domestic stationary
units2:

Operational fuel N o
Hydrogen passenger cars, type: Hyundai ix35 & Toyota Mirai
cell vehicles in 2015

Operational 5 Presently there are 5 operating filling stations (Vienna, Innsbruck, Sattledt, Asten and
refuelling stations Graz).
na My FC Power Trekk, Hydrogen fuel cell, pc
" Cartridges with sodium silicide as fuel, H2 release in a hydrolysis reaction with water.
na EFOY COMFORT, rated power 40-105 Watt, 0.9 | methanol/kwWh, 960-2 52 0 Wh /

) 2.599-5.499).
Portable units
Horizon Fuel Cell Technologies MiniPak Handheld Portable Power Charger with metal
na. hydride cartr i dgsatorfdr métal ydride cattridgebaged ongvater
electrolysis system (U 709).

Brunt on Hyd

ro Reactor, met al hy
for metal hyd 2

n
na. ide cartridges: (4
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2.3.2 China
Since the membership process of China was not yet completed by the end of 2016, China participated in the AFC
TCP activities with an observer status in the report period. For the sake of completeness, the country report from
China is also included in the Annual Report 2015/2016. China is a member of AFC TCP since February 2017.

China attaches great importance to fuel cell technological and industrial development, and has issued a series of
strategic plans and policies in recent two years, regarding the hydrogen and fuel cell technology as the innovative

tasks and key support areas.

Table 4: Summary of Policies

Date Department Document Main Content
The Ministry of Science and
Technology, National Devel- ) ial lici
Financial Support Policies on  gepween 2016 and 2020, purchase tax subsidies
opment and Reform Com- hicl
i . - New Energy Vehicles Promo-  op, fye| cell vehicle, light bus, large and medium
April 2015 mission, the Ministry of ) d Aoplicati
. g ] e [ bus are RMB 200,000, RMB 300,000 and RMB
Industry and Information 2016-2020
- -2020) 500,000 respectively.
Technology, the Ministry of
Finance
By 2020, 1,000 fuel cell vehicles will be produced
N The Ministry of Industry and o e 2005 and demonstrated; By 2025, hydrogen production
a inese Manufacture o f 7 i
Yy Information Technology and hydrogenation infrastructure will be basically
constructed, and the fuel cell vehicles will achieve
regional and small-scale operation.
National Innovation-driven F :
May 2016 The State Council _ Focusing on hydrogen fuel cells and other next
Development Strategy Outline  generation energy technologies.
National Development and Energy Technology Revolution
June 2016 Reform Commission, Na- Innovation Action Plan (2016- Fiydrogeniandifuelicelliteehnologyinnovationis
tional Energy Admission 2030) one of the fifteen key innovative tasks.
National Development and
Reform Commission, the Chinese Manufacture 2025-
June 2016  Ministry of Industry and Energy Equipment Implemen- Fuelcelltechnology breakthroughilis anesserntial
Information Technology, tation Programme FEIE
National Energy Admission
The "Technology Roadmap for Energy-s avi ng and New Energy Vehicleso published

Strategy Committee of National Manufacturing Power and Society of Automotive Engineers of China has proposed

China's near-mid-long-term objectives on hydrogen fuel cell vehicles:

A By 2020, accumulatively demonstrate 5000 fuel cell vehicles, of which commercial fuel cell vehicles ac-

count for 60%, fuel cell passenger vehicles account for 40%; construct more than100 hydrogen stations;

A By 2025, accumulatively promote 50,000 fuel cell vehicles, with 10,000 commercial fuel cell vehicles and

40,000 fuel cell passenger vehicles; construct more than 300 hydrogen stations;

A By 2030, accumulatively promote 100,000 fuel cell vehicles; construct more than 1,000 hydrogen refueling

stations; hydrogen production with renewable energy accounts for more than 50%.

12



China has the capacity to construct hydrogen refueling station with 35 MPa (Including fixed stations and mobile
stations). There are 3 operating hydrogen refueling stations, which are located in Beijing, Shanghai and Zhengzhou.
Beijing hydrogen refueling station operates in three kinds of hydrogen supply ways, which are hydrogen supply
outside the station, gas reforming for hydrogen inside the station, and hydrogen production by electrolysis of water
inside the station; Shanghai hydrogen refueling station is hydrogen supply outside the station and the gas source is

from industrial by-product hydrogen gas in Shanghai area.

After the "863 High-tech R&D" plan, China has mastered the key fuel cell technologies of essential materials, compo-
nents and stack. The ratio of the metal bipolar plate fuel cell stack power developed by Dalian Institute of Chemical
Physics is 2.7 kW / L; and has basically established two technology platforms on fuel cell power system of the fuel cell

passenger cars and commercial vehicles.

In 2015, CRRC Qingdao Sifang Co. Ltd. and Tsinghua University jointly completed the first hydrogen fuel cell tram
R&D, and plans to launch the sample tram and in 2017.

In December 2016, Proton exchange membrane fuel cell (PEMFC) research team of Dalian Institute of Chemical
Physics, Chinese Academy of Sciences, developed 20kW fuel cell system and applied in the first domestic manned

fuel cell test aircraft as its the power, successfully completed its maiden flight.

As of 2016, China has made progress in fuel cell vehicle R&D. SAIC has developed two fuel cell vehicles, Roewe 750

and Roewe 950; Foton and Yutong have developed hydrogen fuel cell bus.

China has achieved progress in hydrogen fuel cell demonstration at some activities and areas, such as the Beijing
Olympic Games, the Shanghai World Expo, 5000km Traveling Activity of New Energy Vehicle, the Youth Olympic

Games in Singapore and demonstration in California; has accomplished two phases of the fuel cell bus commercial

demonstration project, and the third phase Pr omot e t he devel opment ofellautbemn®hi nads

cial project (2016-2019) started in 2016 ,which are supported by GEF and UNDP and implemented by Ministry of Sci-
ence and Technology and Ministry of Finance and local cities. The aim of this project is to demonstrate 112 vehicles,
including 36 buses and 41 cars, and construct 4 fuel cell refueling stations.

2.3.3 Denmark

The Danish Goveenmegbés fongthe countryds energy policy

year 2050. In the shorter term 50 % of the total energy supply shall be based on renewable energy sources by the
year 2030.

The green transition of the energy system has accelerated over the past years and the share of fluctuating renewa-
ble energy mainly from wind energy in the Danish energy system has increased significantly. In 2015 the wind power
production corresponded to 42 % of the total electricity consumption in Denmark. Within the next 10 years this share
is expected to reach 60 %. Also solar power PV is expected to contribute significantly in the future. As the share of
these fluctuating renewable energy increases further the demand for solutions to convert and store energy to bal-

ance the overall power system increases dramatically.

In this context hydrogen and fuel cell technologies are foreseen to be a part of the future green energy system with a
high proportion of fluctuating renewable energy. Thus the Danish programmes for research and development within
new energy technology support the development of new balancing hydrogen and fuel cell technologies as well as

other applications and the programmes administrates a comprehensive portfolio of projects within this area.

In 2015/16 the Danish programmes granted public support for 10 larger research, development and demonstration

projects in the field of fuel cells. The projects cover several applications as electrolysis by SOEC and reverse PEM

13
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systems and transport, and also niche applications as backup power generation and mini and micro fuel cells for

drones and for hearing aids. Also more basic research for new and better materials for fuel cells was supported.

The total budget for the supported projects amounted to app. EUR 12 million of which EUR 7 million is public sup-
port.

Several Danish companies in the hydrogen and fuel cell business have during 2016 consolidated their global market
position by partnering with bigger foreign companies. Former Dantherm Power (back-up power generation and FC
for transport) has joined Ballard Power Systems (Canada), and former H2Logic (hydrogen filling stations) has joined

NEL Hydrogen (Norway).

The Danish Partnership for Hydrogen and Fuel Cells http://www.hydrogennet.dk/ is a national driver in supporting
the development of hydrogen and fuel cell technologies. The Partnership comprises all the leading Danish stake-
holders within industry, academia and organizations and recently (2016) Toyota Denmark joined the partnership as

member no. 25.

Table 5: Summary of Danish fuel cell information

Description Number of  Details, comments and companies involved
units
MW installed and More than . . . .
operational 1 Danish companies have installed more than an additional 2,4 MW abroad
Number of

. . App. 350 Danish companies have installed more than additional 800 units abroad
stationary units

Number of
operational fuel cell 70
vehicles

10 HRs DPanish companies have installed more than additional 8 HRS abroad.
50 % of the Danish population has an HRS within 15 km.
1 Methanol HRS no. 10 opened June 2016.

Hydrogen filling
stations

2.3.4 Finland
The Finnish Fuel Cell Programme aims to speed the development and application of innovative fuel cell and hydro-
gen technologies for growing global markets. The programme has facilitated more than 70 successful projects, with
more than 60 companies involved. The specific goals in Finland are to increase the share of renewable energy to
38% by 2020 and to create national pilot and demonstration projects in new energy technologies, including fuel cells.
Finnish organizations are also actively participating in EU-projects, especially on FCH-JU funded projects with more

than 20 projects and a total value of EUR 80 million. Highlights from these projects include:

A Significant advances in CHP based on SOFC. Demonstration of Convion SOFC systems in waste-water

treatment plant, in Italy.

A VTT s coordinating European research on H2 quality, leading into new hydrogen standards.
A Finnish SOFC research is now recognized as state of the art worldwide.
A Companies from industries such as energy, metals, electronics, chemicals, mechanical engineering and

many others have worked together in thematic workshops and helped to form value proposition analyses for

fuel cells.

Finnish industry is now starting to invest in fuel cell applications, especially in marine applications, working machines,

and back-up applications.

14



Convion Oy is committed to commercialize fuel cell systems in  Figure 1: 50 kW, system from Convion Ltd.

power range above 50 kW. Convion products enable customers to
improve their energy efficiency, power security and energy inde-
pendence. Since year 2000 Convion people have developed and
operated several generations of 20 kWe and 50 kWe SOFC sys-
tems. Since February 2015 Convion has operated the first, highly

efficient Convion product in Finland. First customer deliveries of

the new C50 product are starting.

Convion Oy is committed to commercialize fuel cell systems in power range above 50 kW. Convion products enable
customers to improve their energy efficiency, power security and energy independence. Since year 2000 Convion
people have developed and operated several generations of 20 kWe and 50 kWe SOFC systems. Since February
2015 Convion has operated the first, highly efficient Convion product in Finland. First customer deliveries of the new

C50 product are starting.

Elcogen Oy has the pilot production line for their E1000 (1 kWe) and E3000 Figure 2: Elcogen E3000 stack
(3 kWe) stacks. Elcogen E1000 is optimized for micro-CHP applications with
easy connection interfaces as Elcogen E3000 (See Figure 2) is optimized
for larger CHP applications with high level integration possibilities. Elcogen
stacks have superior performance already at 600°C. Elcogen has been
providing both stack types to fuel cell system integrators for evaluation pur-

poses.

15



Figure 3: Summary of Finish fuel cell information

Description Number of  Details, comments and companies involved
units
Installed and 20 kwWe Convion Ltd.
operational

Number of domestic

stationary units

Number of

operational fuel cell 1 Hyundai
vehicles

Portable units Hundreds Hydrocell

Hydrogen fillin
/ ) ¢ ¢ 3 Woikoski Ltd.
stations

2.3.5 France
2015-2016, two vintage years for hydrogen and fuel technologies with a strong mobilization of stakeholders
(AFHYPAC association, Industrial Recovery Plan on Energy Storage Sector, H2 Mobility France, Territories
Competitiveness clusters) around common objectives: accelerating industrial experimentation on hydrogen and fuel
cells, making hydrogen and fuel cells visible to the public and the politics and preparing the development of hydrogen
infrastructure across territories and matching with usages. Energy transition for green growth act is in action and

hydrogen belongs to the Energy Mix. Transposition EU Directive on Alternative Fuel into French law: hydrogen is no

more an option but un objective of deployment. And an exceptional mobilization fori Hy dr ogen in Territor.i

proposals owing to active clusters.

French Energetic context
France elaborated the Energetic Transition Law with following main objectives:

Reduce the GHG emissions by 40% between 1990 and 2030,

reduce final energy consumption by 50% by 2050 vs 2012,

reduce fossil fuel consumption by 30% by 2030 vs 2012,

bring the part of renewable energies to 23% of final energy consumption in 2020 and to 32% by 2030,

A
A
A
A
A reduce the nuclear part of electricity production to 50% by 2025,
A Create energetic efficiecy for buildings.

This text has been voted on August 18, 2015 and includes hydrogen and fuel cells technologies in the domains of

Energy and Transport.
Vote by the French Parlement of Paris Agreement (COP 21) on June 15, 2016.
The French Government multiannual energy program includes the following wording:

AfThe objective of the electromobility development for

electricalandplugi n hybrid vehicles by 20230

Several incentives in the domain of sustainable mobility have been developed.

16
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Industrial Recovery Plan (NFI)

The 34 plans launched by President Hollande in 2013 have been gathered into 9 industrial solutions on May 15, 2015.

The fAEnergy Storad@ead tRlrar sdeaaldi Hy dwiotghen has integrated

main objectives are to install 20 000 new charging points by end 2016, decrease by 30% CO, emissions of new
vehicles built in France by 2021, create 2 industrial sites in France in Battery & Hydrogen and create 8 to 25 000 jobs

in France by 2030 in the Energy Storage sector.

Energy Storage Plan

The Plan is coordinated by Mrs Florence Lambert, CEO of CEA Liten, and composed of French industries involved in
the H2&FC sector and academic and public actors. Among the proposed actions concerning hydrogen, it may be
mentionned: development of a competitive stack production, development of high pressure storage, definition of a

business model for infrastructure deployment, power to gas demonstration.

In 2016, this Energy Storage Plan contributed to cal
2016 and ended on September 30, 2016. Different integrated projects covering the whole chain were expected in order
to cover various typologies where hydrogen technologies could have an impact: metropolis & dense urban area with
high usage potentials, rural territories with high renewable energies potential, isolated territories with grid issues, lo-

gistic platforms and airport and harbor zones. 31 territories have sent proposals for about 100 projects. 31 projects for

a total budget of about 300 MU have been selected early

Ministerial and Parliament as well as other significant reports

t he

No vV e

A AConseil Eomioari qeute Environemental 0o (CESE), government al

in June 2015 on the energy storage in France in the frame of the energy transition. Three main technologies
are considered: STEPs, batteries and hydrogen. CESE has recommended to develop the three technologies
in parallel

A Governmental report on the hydrogen-energy sector. This reports evaluates the various challenges of the
sector Hydrogen-energy and puts forward 20 concrete measures to support the fast industrial development of
the most mature, respectful technologies answering the objectives of the energy transition (May 4, 2016)1

A General regulations applicable to the installations implementing hydrogen gas in an installation classified for
environmental protection to feed from the hydrogen gas forklifts when the quantity of hydrogen present within
the establishment concerns the mode of the declaration for the topic n° 4715 (December 23, 2015)2

A Position paper on Hydrogen of ADEME agency3

A New position paper of the French Automotive platformé4

H2 Mobility France

A coalition of public and private organizations has come together to develop a National Implementation Plan for a
rollout of hydrogen mobility in France and released it mid 2014. The use of hydrogen in transport can deliver significant
economic and societal benefits to France, including increased domestic energy production, CO, emissions reductions
and improvements in local air quality. The H2 Mohilité coalition aims to build on existing regional activities in France,
developing a flexible and phased hydrogen mobility deployment strategy, which ensures manageable risks and sizes

of investment at each stage in the rollout. By beginning in regional clusters based on captive fleets and a costumer

Link: http://www.cgedd.developpement-durable.gouv.fr/IMG/pdf/010177-01 rapport cle2be959.pdf

Link: https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000031672427&date Texte=&cateqgorieLien=id
Link: http:/mww.ademe.fr/hydrogene-transition-energetique-|

Link: http://www.sia.fr/publications/408-hydrogene-piles-combustible

A W N B
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approach, the approach allows a national rollout synchronised with the rate of technology development and in

agreement with the European corridors.

During this two years, i mpl ementation of the plan has start
Kango ZE H2 range extenders around 2 Hydrogen Refilling Stations (HRS) in Lyon and Grenoble, where the first

French mul ti alternative fuels station has been inaugurated
from FCH 2 JU and EASHYMob from Ten-T are contributing to the deployement of 27 new HRS and more than 1000

FCEVs (Range Extender and Full Power FCEVSs).

Several other initiatives on mobility are on going like the deployement of more than 60 hydrogen bikes around 6
renewabl e HRS, the hyQBSoHRWE ROh.i pEnfeENJEER@M server is a ship th
without greenhouse gas emission, thanks to an embedded hydrogen production/storage/conversion. The boat is

developed in Saint-Malo by Energy Observer and CEA with the support of Accor Group and Thelem Insurance.

Finally, for the first time in the history of the 24 hours of Le Mans, an electrical hydrogen powered car (Green GT with
Symbio FCell system and CEA stack technology) buckles symbolically a lap of circuit a few minutes beforehand of the

official session of qualifications. Olivier Panis, former Formula One driver, was the driver.

Strong industrial involvement and new startups
New big French companies are now involved in hydrogen and fuel cells technologies, among them:

ENGIE has integrated the hydrogen technologies in their roadmap and in September 2016, ENGIE joined Michelin in

investing in Symbio FCell to accelerate the development of hydrogen mobility solutions.

Plastic Omium has presented during the last Paris Motor Show their first prototype of compressed hydrogen storage

for mobility.

AREVA H2Gen has inaugurated their first manufacturing factory of PEM electrolysers in France, in Les Ulis (lle de

France).

SYLFEN, a spin-off from CEA Liten created in 2015, offers integrated energy storage and production solutions for
buildings and eco-districts that wish to secure energy supplies with local and renewable sources. A solution that
combines batteries, for their fast switching capabilities, with an innovation: a reversible high temperature electrolyser
(SOEC/SOFC), capable of storing energy in the form of hydrogen and rendering it, when needed, in the form of heat
and electricity. Thanks to its software (modelling of building and the Smart Energy Hub) as well as to the adaptability of

its product, Sylfen can render any zero energy building autonomous in terms of energy consumption.

Continuous R&D activities

French Research Grouping HYSPAC gathers the French laboratories and research institutes organised in 4 pillars: H2
production & storage, low temperature fuel cell and electrolysor, high temperature fuel cell and electrolysor and

systems based on fuel cells and electrolysors.

A new step forward has been accomplished by CEA Liten with the development and experimental qualification of a first
small scale integrated system demonstrator. Comprising one single stack of 25 cells, it allows producing up to 2.5
Nmh of hydrogen in electrolysis mode with an efficiency now above 99% (HHV), including the balance of plant
components with the provision of steam at the inlet. In case no steam is available, the overall efficiency was measured
to be above 79% HHV.
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Figure 4: Summary of French fuel cell information

Description Number of  Details, comments and companies involved
units

Number of domestic 12 Baxi, Panasonic, Viessmann
stationary units
Number of other 200 kW: Myrte Project (Corsica) led by AREVA SE
stationary units 1 (hydrogen and fuel cell system coupled with a PV plant for peak shaving on electric
(large scale) grid)
Number of 5 MobiPost, 1kW FC system, La Poste

operational fuel cell )
140 HyKangoo, 5 kW range extender system, SymbioFCell

vehicles
1 GreenGT, 300 kW Fuel Cell racing, SymbioFCell
100 Fork-lift fleet testing by Hypulsion,
150 units orderd by Carrefour (warehouse in Vendin-les-Béthune)
12 Hyundai ix35 as taxis in Paris, STEP, AIR Liquide
2 Mirai by Air Liquide and Toyota France
1 20 kW Unit, Renault Trucks, Symbio FCell, la Poste
1 Sai |l boatod,fi Z3e5 ok VEySkn NEA
1 Passager boat MOST H: 1,2 kW PEMFC system, Saint Nazaire
60 Alterbike, Cycleurope, Pragma Industries, Ventec
Fuel Cell PACRETE
1-3W, Planar FC 3-
Portable units 10W, Fuel Cell Hydrocell

Powered Speleology

Helmet

Hydrogen filling 14 Air Liquide, AJC, EDF, GNVert, McPhy Energy
stations

Hydrogen filling 3 Woikoski Ltd.
stations

2.3.6 Germany
Feder al Gover nme n f dnsstoEut greerthguse@as rerissipns by 40% by 2020 and 80-95% by 2050
as agreed by industrialized nations. Furthermore, an increase of share of renewables to 60% in gross final energy
consumption and to 80% in electricity supply by 2050 is set as target. The electricity consumption is to drop 25% com-
pared to 2008 by 2050, and by 2020 it must already be down 10%. In addition, final energy consumption in the
transport sector must be reduced by around 40% by 2050 compared to 2005. The annual rate of energy retrofits for

buildings is to be doubled from current levels, from one to two percent of existing buildings per year.

Hydrogen and fuel cell technology offer the potential to face the challenging requirements of the energy mix in Germa-

ny in the future. Highly efficient and free emission fuel cell electric vehicles for transportation, fuel cell micro combined

° Federal Ministry of Economics and Technology (BMWi), April 2012
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heat and power systems for households, large scale fuel cell systems for industry applications and the possibility to
store excess electricity produced from renewables as hydrogen via electrolysis provide solutions to achieve the energy

goals.

As a result, hydrogen and fuel cell technology play an essential role in the anticipated future of mobility and energy
supply in Germany. In 2006, to guarantee the further development of these technologies, the Federal Government,
industry and science began a strategic alliance called the National Innovation Programme for Hydrogen and Fuel Cell
Technology (NIP) to speed up the process of market preparation of products. The total budget of NIP, invested over a

period of 10 years up to 2016, amounted to EUR 1.4 billion.

The focus was large-scale demonstration projects and R&D projects. Specific programme areas within NIP were
transport including hydrogen infrastructure (62%), hydrogen supply (3%), stationary industry (8%), stationary house-
hold energy (12%), special markets (12%) and cross-sectoral themes (3%) with numbers in parenthesis presenting the

share of funds for each demonstration area®.

Lighthouse projects played a major role in the further development of hydrogen and fuel cell technology7:

A Clean Energy Partnership (CEP): Operation of fuel cell-powered vehicle fleets (buses and cars) and construc-
tion of hydrogen refueling points for vehicles.

A Callux: Over 500 fuel-cell heating appliances installed in the domestic energy sector.

A e4ships: Testing fuel cell systems to supply power on-board ships.

A Clean power net: Secure and non-grid-connected power supply systems. Approx. 300 sites were established.
The projects gained widespread acceptance and attracted attention through the funding period of NIP.

The federal cabinet has decided on the government programme for hydrogen and fuel cell technology 2016 to 2026 on
29" September, 2016. The inter-ministerial programme on the one hand safeguards continuity for research and devel-
opment, and on the other addresses the support required for market activation of the first products. The Federal Minis-
try of Transport and Digital Infrastructure (BMVI) is spending initially 250 million by 2019, 0161 million is reserved for
Research, Development and Innovation. The Federal Ministry for Economic Affairs and Energy (BMWi) is continuing its
support in the area of applied research and development within the 6" Energy Research Programme with around 025
million annually. The Federal Ministry for the Environment as well as the Federal Ministry for Education and Research

continues to be actively involved in the strategic arrangement of the NIP®.
The following fields of actions are defined for the new government programmegz

Enabling infrastructure for emissions free transportation

Realization of low CO2 and environmentally friendly supply of buildings and industrial processes
Securing critical infrastructures

Development of supplying industry, achieving cost targets

Utilization of strength of basic research

> > > > > >

Further development of the program

VDMA Fuel Cell Industry Guide Germany reported that the revenues in the fuel cell industry almost reached 4 1 5 0

million in 2015 and the companies expect further JéJ.trong gr o\

NOW GmbH, October 2016.

NOW GmbH, October 2016.

NOW GmbH, BMVI, October 2016.

BMVI, BMWi, BMBF, BMUB.

10 VDMA Fuel Cells Working Group Fuel Cell Industry Guide Germany 2016.

6
7
8
9
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Table 6: Summary of German fuel cell information

Description Number of  Details, comments and companies involved
units
Number of
: 2330"  Asof 2015
stationary
applications

Number of domestic . 12 L .
1000 units™500 units in Callux project only

stationary units

Number of

operational fuel cell ~200"  Cars and buses, as of July 2016

vehicles

Hydrogen filling 22 public filling stations in operation under CEP, as of October 2016.

stations 28 stations under construction™*

2.3.7 lsrael
The development of fuel cells and hydrogen technologies in Israel is driven by private companies, academic research
and the Government, individually and in collaboration. Since 2010, the Government is conducting a national
programme establishing Israel as a centre of knowledge and industry in the field of fuel alternatives for transportation,

with fuel cells promoted as a viable option.

There are fuel cell research groups in seven universities, and several highly advanced industrial fuel cell enterprises
conducting R&D and demonstration programs. The programs span a broad range of applications including stationary
and automotive, based on SOFC and Alkaline Fuel Cell (AFC) technologies and using methanol, hydrogen and other

alternatives as the fuel.

R&D programmes support the development of fuel cells and their applications, including the Transportation Electric
Power Solutions group (TEPS ), begun in 2011 as a unique collaboration between industry, academia and
Government, to promote advanced fuel cell technologies and solutions. The Government supports innovative research
in this area; invests in and encourages private companies; supports national infrastructure and supports international
cooperation and collaboration. In 2016, the total of Governmental support to these programmes was about USD10

million.

Table 7: Summary of Israels fuel cell information

Description Number of  Details, comments and companies involved
units
Number of
stationary 0
applications

Number of domestic

stationary units

H Information from VDMA Fuel Cells Association, Fuel Cell Industry Guide Germany 2016, Survey results for 2015.
12 Press release from Callux, http://iwww.callux.net/om 2015-04-07.html.

13 Information from www.cleanenergypartnership.de.

4 Information from Clean Energy Partnership, as of October 2016.
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Number of

operational fuel cell 0
vehicles

Hydrogen filling

stations

2.3.8 ltaly
The Italian commitment to fuel cells and hydrogen technologies has increased markedly in the three-year period be-
tween the publication of the National Energy Strategy to 2020 in 2013 (where overall energy household for Italy was
outlined, focusing on reducing cost and dependence on energy imports, increasing energy efficiency and the use of
renewables maintaining environmental targets, but without any explicit reference to hydrogen or fuel cells) and the
adoption of the Italian Directive for alternative fuels infrastructure (DAFI) by Parliament at the end of 2016, where elec-
tric mobility via fuel-cell vehicles (FCEV) finally appears as a fully-fledged pathway for sustainable and clean transport
also in Italy. The national agency H2IT has been material in gathering the inputs from stakeholders over this period,
and in triggering a concerted initiative towards the assessment, planning, referencing and lobbying of a strategy for the

deployment of FCEV and associated infrastructure in Italy to 2050.

Over the year 2015 an inventory was gathered of activities, competences, running projects and active personnel in the
fuel cells field. The National Association H2IT is leveraging this survey to make an impact at political level and to har-
ness and support a structural policy in terms of hydrogen and fuel cell deployment in the country. In sync with Europe-
an policies and directives, the first focus has been on the transport sector, also in line with the radical innovation initiat-
ed world-wide by the launch of the Hyundai, Toyota and Honda FCEV passenger cars in 2015-2016. Thus, a roll-out is
proposed for 1000 FCEV and 20 hydrogen refueling stations (HRS) by 2020 to over 8 million cars and 6000 HRS by
2050. The growing emergence of fuel cell-powered bus fleets is also being taken up in Italy, with demonstration pro-
jects now well underway in Bolzano and Milan (CHIC), Liguria (Hi.V.Lo.City), Rome (3Emotion) and Messina (CNR).
The National strategy foresees 100 fuel cell buses to be operational by 2020 and 23,000 in 2050.

As regards stationary applications, Italy is contributing to national deployment of fuel cell technology above all in the
small-scale ranges for remote power and residential co-generation. Nevertheless, Turin is host to the largest demon-
stration project in Europe of high-temperature fuel cells fed with biogas from a municipal waste-water treatment plant
(DEMOSOFC), where 175 kWe will be generated for on-site consumption and increased revenue from sewage dis-

posal.

With the third-largest number of funded beneficiaries in the European FCH JU programme, Italy remains at the fore-
front of research, development and demonstration of fuel cell technology. A vast network of universities and research
institutes covers all the spectrum of applications, providing support in terms of material development, innovative cell

architectures, control and diagnostics, cell and stack modelling and characterization, system analysis.

A significant development in 2015 has been the acquisition by SOLIDpower of Ceramic Fuel Cells Limited, taking over
their fully automatized manufacturing facilities of 20 MW/year capacity located in Germany. With this take-over, the
world-record holding Blue-Gen system (60% net electrical efficiency for a 1 kW system) also became a SOLIDpower
product, which is now being further improved to increase lifetime and cost-effectiveness. The second micro-combined
heat and power product in their portfolio is the EnGen, of 2.5 kWe. Between these two systems they have currently
750 units running in the field, clocking 11 million

is the residential-scale CHP market, they are continuously active to demonstrate the added value of their product for
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different applications including biogas and waste-to-energy (WTE) applications as well as energy storage: a 3 kWe

electrolyser based on their technology is also being refined.

The second major, independent, industrial player in Italy is Electro Power Systems, which has an impressive record of
deployment of their back-up power systems (either fed by hydrogen or incorporating the complete cycle from renewa-

ble-assisted water electrolysis back to hydrogen oxidation in the same unit), amounting to over 4000 units world-wide.

Table 8: Summary of Italian fuel cell information

Description Number of  Details, comments and companies involved
units

Large-scale units

L 174 kWe 3 x 58kWe fed with biogas from waste-water treatment i under installation
installed and

operational

Number of domestic . . .
280 A further 400 to be installed in PACE project

stationary units

New for 2015-2016 80 units

Number of other

stationary units 350 Remote systems for telecom repeater stations, EPS

(remote or off-grid)
Number of

operational fuel cell 60 Milano and Bolzano

vehicles
Hydrogen filling The active stations are in Bolzano, Liguria Milan: stations in Rome, Messina and
12
stations operational Naples under construction. Others are in stand-by.
2.3.9 Japan

Japan is the leading country in the field of commercialized fuel cells for residential applications and passenger cars.

Commercialization of the ENE-FARM micro-CHP residential fuel cell products has been particularly successful. The
first of these products was launched in early 2009, and the total number of installed systems was over 180,000 by the
end of 2016. A further subsidy round for ENE-FARM was announced in December 2014 with JPY 20 billion (USD 170
million, EUR 150 million) made available for 36,243 units. This funding will provide a subsidy of JPY 0.38M for each
PEFC unit (USD 3,200, EUR 2,800) and JPY 0.43 million for each SOFC unit (USD 3,600, EUR 3,200), respectively.
A new system has been added to the ENE- FARM range of products that continues to generate and supply power
for households even if there is a general blackout. Almost all current ENE-FARM types have this function which has a

very good reputation among the consumers.

The Strategic Road Map for Hydrogen and Fuel Cells revised on March 22, 2016 by the Japanese Ministry of Econo-
my, Trade and Industry (METI) says, "Aim price of ENE-FARM is JPY 0.8 million (about USD 6,700) for PEFC type by

2019 and JPY 1.0 million (about USD 8,300) f or SOFC type by 2021.d Therefore,

reducing costs for setting.

The Road Map shows in phase 1 A the fuel cells for

n

commer Ci

the processes of expanding the use of fuel cel | technol ogy.

SOFC which scale is from 5kW to 250kW.
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The Road Map also says,i Aim number of Fuel Cel | Vehicle is
around 800,000 by 2030.f and Atarget number of Hydrogen Ref
2025. 1

TOYOTAI RMIinid HONDA AClarityid there are about 1200 vehicles by
Table 9: Summary of Japanese fuel cell information

Description Number of  Details, comments and companies involved
units

128MW*  Ene-Farm as end of 2016

MW installed and o
) 2.5MW PAFC technology (estimation)
operational

2.1MW SOFC technology

Number of domestic Over
Ene-Farm as end of 2016

stationary units 180,000

New for 2015-2016 63,000 Ene-Farm as only 2015/2016

Number of other 30 PAFC technology, 100kW those shipped in 2015/2016
stationary units

onary tn! 6  SOFC technology
(large scale)
Number of
operational fuel cell 1300 Mainly cars and a few buses and fork lifts

vehicles

Hydrogen filling
) ] 91 By the end of 2016
stations operational

2.3.10 Korea

In 2015 Korean government anounced its 2030 target of reducing green house gas emmissions by 37 percent from
B.A.U levels and it is higher than the earlier plan for a 30% cut. To reach this target, Korean government announced to
accelerrate innovation in clean energy technolgies and to double its investment on R&D of clean energy technologies.
Also, it published clean energy technology roadmap in August, 2016. The roadmap includes R&D plans for 13 clean
energy technologies including hydrogen and fuel cells. Accoding to the roadmap for hydrogen and fuel cells, 5 stratic
projects :

1) high efficient, high performance fuel cell systems for power generation;

2) virtual power plant for urban applications;

3) convergence technologies for fuel cells;

4) hydrogen supply chain;

5) breakthrough technologies for hydrogen and fuel cells will be focused mainly and the gonverment
inverstment in these projects will be increased by 2021.

Since the introduction of RPS (Renewable Portfolio Standard) in 2012, installation of stationary fuel cells in large scale
(>300kW) were grown fast and more than 160MW of stationary fuel cells are installed and are under operation at 29

sites in Korea by 2016. The stationary fuel cell products installed in Korea are mostly MCFC and PAFC.

!5 Assuming each unit is 700W. Some units are 750W.
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POSCO Energy which is a strategic partner of FuelCell Energy in the USA, started to manufacture MCFC cell
components as well as stacks and systems at its manufacturing site in Korea. The cell components manufacturing

facility at Pohang, Koreal began producing MCFC cell components from late 2015.

Doosan Fuel Cell, a manufacturer of PAFC and PEFC produces stationary fuel cell systems for residential, building
and distributed power generation applications. Doosan will start to produce 400kW PAFC systems at the new
manufacturing site in Iksan, Korea from 2017. The capcity of the new manufacturing facility will be 50MW/year. Doosan
produced 600W~10kW PEFC systems for residential and building applications and more than 1100 units of PEFC

were installed in Korea between 2014 and 2016.

S-Fuel Cell also manufatures 1kW~10kW PEFC system for residentail and building applications and the more than

900kW fuel cells from S-Fuel Cell were installed and under operation in Korea.

Korean government announced fthe 3 Master Plan for the Development and Supply of Eco Friendly Carso in
December 2015 and it includes new target of FCVs and hydrogen refueling systems. The government is targeting to
install 250 hydrogen refueling stations with dissemination of 10,000 FCVs by 2020. By 2016, 78 FCVs are

disseminated and 19 hydrogen refueling stations are under operation in Korea.

Hyundai Motors produces FCVs (Tucsun ix) and the price of this FCV is 77,200 USD. By 2016, About 623 Tucsun ix
FCVs were disseminated in Europe, North America and Korea. A new model of FCV is under development and

Hyundai plans to reveal its new FCV model in 2017.

Table 10: Summary of Korean fuel cell information

Description Number of  Details, comments and companies involved
units

149.2 MW MCFC: 100KW/300kW/1.2MW/2.4AMW POSCO Energy Products

MW installed and
) 19 MW PAFC: 400kW Doosan(ClearEdge) Products
operational

2,884 kW PEFC: 1kW/5kW/10kW Doosan(Fuel Cell Power), S-Fuel Cell Products

Number of domesti
UmMBErotdomestc 4 251 (20061 2016, TKW/SKW/LOKW residentialibuilding use)

stationary units

New for 2015-2016 772 1,820 kW (1kW/5kW/10KW units)

Number of 23 MCFC sites
stationary units 7 PAFC sites
(large scale)

New for 2015~2016 4 MW  PAFC

Number of SUV equipped with 100KW stack, 70MPa (700 bar) Tank (6kg H2™®),

operational fuel cell 8

commercially sold by 2016
vehicles

Hydrogen filling ) )
i i 19 13 in operation
stations operational

16 H, denotes Hydrogen.
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2.3.11 Mexico
The last few years, Mexico has seen substantial changes in the Energy Sector. Such changes include a reduction of
oil-based electricity generation by the end-2017, as well as the promotion in the use of Renewable Energy, increase
Energy Efficiency, adopt Clean Energy Technologies, Diversification of Primary Energy Sources. The Mexican
government is encouraging these policies while ensuring future growth according to gover nment 6s
environmental objectives. Some of its goals include: to increase of share of clean energy in power generation, i.e. 35%
by 2024 and 40% by 2035, to reduce methane leaks upstream hydrocarbon sector by 40-45% by 2025, a carbon tax
placed on fuels in 2014 ($0.33 to $2.66/tCO2), reduce 22% GHG emissions and reduce by 51% carbon black

emission. Mexico has remained commited to international efforts by adhering to COP21.

Another important aspect of curcumstance occurring in this country is related to the enormous activities related to the
automotive industry, where Mexico has become a hot spot recently by becoming the 7th worldwide producer, 1st in
Latinamerica; 4th world exporter; 1st to the North American market. This has come as a result of being the ™ recipient
in the world of direct foreign investment in 2015 with particular emphasis in the auto industry. Mexico is also 5th
producer for components & accessories globally for this industry, which has become a pillar as it is the largest

employer in manufacturing and the main foreign currency generator.

In recent years 30 regional engineering centers, 4 Large Automotive Regional Clusters and Technology Centers for the
Automotive Industry have been created promoted by the government and the automotive industry itself. Although there
is not a national Fuel Cells Plan there has been recent interest from potential interesting markets for this technology
that include public transportation, personal compact vehicles, smart cities and others where electric vehicles are at the
front. The latter is derived from recent high levels of pollution in Mexico City where internal combustion engine (ICE)

cars were banned twice a week from being in the7miilicneet s.

vehciles registered, most of which are equipped with
vehicles grew to more than 2500 cars in a couple of weeks.

Despite the fact that the following sections (2 and 3) do not seem optimistic, there are conditions in the country
favourable for detonating new businesses based on advanced transportation technologies such as fuel cells. The car
industry has developed a base of value chain and an important logistic infrastructure, both growing according to auto
industries plans to keep investing in Mexico. The government is determined to keep encouraging a manufacturing
industry in this sector as not only it has committed to cleaner envronmental policies, but it has recongnized this industry
as a pivotal sector that is creating jobs and generating economic activity. As this commitments include protecting health
and environment from fossil fuels vehicle emissions, citizens are obliged to look into new advnaced technologies that

can offere them the freedom of mobility in large cities like Mexico City.

It is of most importance to notice that additional to these circumstances, new local companies are looking into new
business opportunities particularly in the subsegments of utility and public transport where high technology costs
maybe surpassed by the need to provide public transpor services and to have the possibility of more productive fleet
alternatives to ICE traditional vehicles. Such new companies include many interested on battery electric vehicles which
for the moment lead on the mind of final users due to a larger coverage by the media.

From the R&D point of view, the National Science and Technology Council (CONACYT) of Mexico has created
different funding programms in which alternative and clean fuels, as well as energy efficiency technologies proposals
are considered in the portfoliio of seeked projects. RD&D activities continue to focus on alternative membranes and
catalysts, which are central to many academic institutions, while fewer engineering projects have been realised.
Notably a hybrid fuel cell utility vehicle developed through an academic consortia led by the Instituto Nacional de

Electricidad y Energias Limpias (INEEL, formerly known as IIE).

Therefore, political and economic conditions seem to favour the introduction of fuel cells technology in the
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transportation sector, particularly in niche markets such as public and utility vehicles where some infrastructure issues

could be of less concern (fixed routes, central service, distributed hydrogen generation, etc.).

Table 11: Summary of Mexican fuel cell information

Description Number of  Details, comments and companies involved
units

Domestic stationary . o )
0.2 MW Ballard, IdaTech (originally) and Horizon

units
New for 2014 10 kW Itis estimated that an additional 10 kW of capacity was acquired through R&D projects
Number of One utility vehicle prototype developed by R&D consortium™®

operational fuel cell . )
P One small demonstration car with a PEFC as a battery charger19

vehicles

Portable units 50 kW  Several low power (0.5 kW to 2 kW) (PEFC) are on test in different R&D organizations

Operational
hydrogen refuelling One for a small fleet in the tourist sector has been proposed and expects funding.

stations

2.3.12 Sweden

Sweden has set ambitious energy goals to combat climate change, increase the energy security and strengthen the

competitiveness.
By 2020, Sweden shall have

A A share of at least 50% renewable energy in gross final consumption and 10% renewable energy in the
transport sector

A Areduction of the energy intensity by 20%

A Areduction of GHG emissions by 40%

where 2008 is considered base year. There is also a proposal that by 2030, the domestic transports shall have 70 %
reduced GHG emissions compared to 2010. This proposal has a broad political consensus but has not yet been

decided on.

To reach these goals, research and development in clean energy technologies must be prioritised. Fuel cells have the

possibility to contribute to reach these goals.

The hydrogen and fuel cell activities in Sweden are driven from the bottom-up, by industry, academic research and
experts. The aim of the Swedish Government is to observe the market and to support industry and universities with
national activites. The Swedish Government initiated in 2009 a vehicle research programme called FFI
(Fordonstrategisk Forskning och Innovation - Strategic Vehicle Research and Innovation). FFI is a major partnership
between the Swedish government and automotive industry which includes joint funding of research, innovation and

development concentrating on climate & environment and safety in the automotive industry. The fuel cell research

17 Considering that Ballard units come in 2.5 kW and 5 kW, installed capacity might be greater, as it has been reported that 114 units
of Bal | ar do s-MHEhave beerrirst@ledrindxico. Other units originally from IdaTech and commercialised by Microm may
change this number. It is unknown if the user Telecomm company is still relying on PEMFC systems after some years in operation.

18 Technical Consortium includes IIE, CIMA-ITESM, IPICYT, CENIDET and UASLP.

19 Integrated by CINVESTAV, an academic institution.
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activities in FFI have focused on PEFC and SOFC (about EUR 600,000 per year). The Swedish Energy Agency also
finance participation in fuel cells and hydrogen-related IEA and EU activities (about EUR 80,000 per year) and in the
beginning of 2014 they also launched a project to cover the international business development for fuel cell transport
applications (about 100,000 per year). Overall, the government spend around 2 million Euros yearly on fuel cell and

hydrogen projects in Sweden.

Table 12: Summary of Swedish fuel cell information

Description Number of  Details, comments and companies involved
units

MW installed and Less than A small number of back-up power units are or have been installed for test or

operational 1MW  demonstrations

Number of domestic . . . )
Less than 1(A few PEFC units running but not really as residential fuel cells

stationary units

The export

N — market has Powercell PFFC stack 100 kWe for automotive use. Significant export contract for
increased  Impact Coating.
significantly

Number of other

stationary units 0

(large scale)

Number of 10 Hyundai FCV in Malmg, Stockholm, Sandviken and Géteborg and 1 Toyota Mirai.

11

operational fuel cell . . . . . .
P One taxi company in Stockholm is using Hyundai FCV for transport between the airpor

vehicles .
and the city
In 2016 Sweden had four operational public Hydrogen filling stations:
1  The aiport in Stockholm
1  The city of Malmé,
1  The city of Goteborg at PowerCell facilities
Hydrogen filling f  The city of Sandviken

stations operational Tpere is also one HRS at the winter test centre in Arjeplog in Northern Sweden. All these can delive

70MPa (700 bar).

One old HRS from 2003 is mothballed but has been tested with good results. Today it can deliver
hydrogen up to 35 MPa (350 bar) and a mixture of hydrogen and natural gas.

myFC a Swedish company has commercialised the Powertrekk unit with PEM technology. A
portable charger for mobile phones, GPS or similar USB connected units. It is now fully
. commercialised and sold at major home electronics stores and at several major webshops
Portable units
including Amazon.
An new Model from myFC called JAQ will be commercialized in the spring of 2017. It will be

smaller and easier to operate.
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2.3.13 Switzerland

International Swiss Energy Research Activities

IEA: After an assessment of the Swiss participation in international committees, Switzerland decided to join the
Technology Collaboration Programmes «Energy Storage (ECES)» and «Industrial Technologies and Systems
(IETS)».

EU: During 2016 and early 2017 a number of European Research Area Network Cofund Actions (ERA-NET CFA),
peer-to-peer networks of energy research funding authorities to launch joint calls and coordinate funding activities,
were initiated under the H2020 research framework of the EU. Switzerland participates in the following ERA-NETSs
which are directly related to the energy sector:

A ¢ACT Accel erating CCS wtaclhool egiceegyaveatowew | o@w2016 20

A «SOLAR-ERA.NET Cofund» inthe fieldofsol ar el ectricity technol ogies (2016

A «ENSCCi ERANNET Smart Cities and Communitiese (2014 2019) ;

A «ERA-NET Smart Gri dPl us support deep knowledge sharing b
initiativese (2015 2020) ;

A «GEOTHREMICAERA-NETCo-f und Acti oné (2017 2021);

A There are additional ERA-NETS in preparation with Swiss participation such as «Energy efficiency in industry

and services» and existing ERA-NETSs within prior EU research framework programs.

In December 2016 Switzerland has ratified the protocol extending the free movement of persons to Croatia and, as a

consequence, will again participate as associated country within the Horizon 2020 framework as of 1 January 2017.
National Swiss Energy Research Activities

The Federal Energy Research Commission (CORE) published the Federal Energy Research Masterplan for the

period 20171 2020. Compared to the prior Master Plan an additional focus is set on socio-economic research.

The 8 Swiss Competence Centers in Energy Research ( SCCER) established in 2014 and

build-up for energy research have -aBppnoved by the Parliament for a secon«
2020) with a total budget 1200 petsdng, 2pprox. 40 Yoiofowhich al€ newly ereated y s o me
positions, are active within the SCCER network. After 2020 it is foreseen to integrate the SCCER into the existing

higher education network.

The Swiss Commission for Technology and Innovation (CTI) i currently an administrative unit of the federal ad-

ministration T will be converted to Innosuisse, a new federal promotion agency for science based innovation. In
December 2016 Switzerlandbds government, the Feder al Council

Networking

During 2016 several international and national workshops and events were held, such as:

1 IEAGHG biannual conference on CCS. In November, the city of Lausanne, the EPFL and the Swiss
Federal Office of Energy hosted the 13" IEAGHG biannual conference series on greenhouse gas control
technologies, GHGT-13. 1000 members of the research, innovation and policy making community from
38 countries convened to talk about the most recent advances in capture technologies, transportation,
use of CO; and storage, and their policy relevance. Major focus was put on demonstration projects prov-
ing that CCS is a viable and safe greenhouse gas mitigation technology. The conference was preceded
by a two-day meeting of the IEAGHG ExCo.

1 Geothermal energy: The 5" annual conference on geothermal energy took place in May as part of the
annual St. Gallen Energy Days. In addition a national geothermal energy conference organized by the

national geothermal energy association Géothermie Suisse was held in Yverdon in November.
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IEA TCP on Combustion. Under the direction of Switzerland the Gas Engine Collaboration Task of the
IEA TCP on Combustion organized the first international Gas Engine Combustion Fundamentals Work-
shop at the Swiss Federal Institute of Technology (ETH) Zurich. The event was highly successful with

around 85 participants.

The 20™ International Combustion Generated Nanoparticles Conference was held at the Swiss Federal
Institute of Technology (ETH) Zurich with financial support from the Swiss Federal Office of Energy, at-

tracting some 300 to 400 participants.

IEA TCP Heat Pump Technologies. The 22" Heat Pump Conference held in Burgdorf highlighted the
international cooperation between the European
«Industrial Heat Pumps» and «Heat Pumps in Multi-Family Buildings. Also in 2016, the University of Ap-
plied Sciences Lucerne (HSLU) hosted a meeting of Annex 42 «Heat Pumps in Smart Grids».

IEA TCP SolarPACES. In April, the Swiss Federal Office of Energy hosted the two-day Executive Com-
mittee meeting at ETH Zurich, followed by a technical tour to the Solar Testing Lab at Rapperswil and to
the IBM Research Lab at Rischlikon.

IEA TCP on Advanced Fuel Cells. In 2016, the Paul Scherrer Institute (PSI) together with the Swiss

Federal Office of Energy hosted a meeting of Annex 33 «Stationary Fuel Cells».

IEA TCP on Advanced Fuel Cells. In June 2016, the Swiss company HTceramix organized an expert
meeting of Annex 32 «Solid Oxide Fuel Cells» in conjunction with the European Fuel Cell Forum 2016
and the 12th European Solid Oxide Fuel Cell Forum on 5-8 July 2016 in Lucerne.

IEA TCP Bioenergy. Participants of Task 32 «Biomass Combustion and Cofiring» met in Switzerland on
13 and 14 June. The meeting started with a field trip to the bioenergy lab and the biological lab of the
University of Applied Sciences Lucerne (HSLU). Task 32 co-organised and joined a special session on
biomass combustion at the 20" Nanoparticles Conference at ETH Zurich with important contributions to

the topic of particulate emissions from biomass combustion.

Participants of Task 33 «Gasification of Biomass and Waste» met in Switzerland from 25 to 27 October
for a workshop on «gas sampling, measurement and analysis in thermal gasification pro-cesses». Partic-
ipants agreed to set up a platform to facilitate access to measurement results of various research insti-
tutes across the world. The meeting was rounded off with an excursion to the gasification unit of the city

of Stans and the municipal solid waste incineration plant of the city of Bern.

Further activities:
In March 2016, Empa (the Swiss Federal Laboratories for Materials Science and Technology), the Paul
Scherrer Institute and the Swiss Federal Office held the first expert workshop on Hydrogen mobility in

Switzerland.

In April the Federal Energy Research Masterplan for the period 2017i 2020 was presented within the 10"
Energy Research Conference. Strategies, priorities and findings from the area of energy research were
presenting to a wide audience of decision-makers from the private sector, research institutions, the polit-

ical arena and the administration. This conference was organized in close cooperation with the Commis-

Uni

sion for Technology and Innovation (CTI) i fundingagent f or t he ei ghti aS8ddleER

Swiss National Science Foundation (SNSF) i funding agent for two National Research Programmes

( NRP) on ¢cEnergy Turnarounde and ¢Managing Energy

In July, the European Fuel Cell Conference took place in Lucerne, an important conference on Solid Ox-

ide Fuel Cells and Solid Oxide Electrolyser Cells-related research.
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In November, the first public 70 MPa-Hydrogen refuelling station was opened at Coop Mineraldl in Hun-
zenschwil, Canton of Aargau. Hydrogen is provided by water electrolysis, in turn powered by electricity
from a nearby river-run hydroelectric power plant. The station is used for a fleet of Hyundai ix35 FC vehi-

cles as well as a fuel cell powered truck.

In spring 2016, the Association of Swiss Solar Energy Companies (Swissolar), the Association of Swiss
Electricity Companies (VSE) and the Swiss Federal Office of Energy organized the national photovolta-
ics conference in Bern, one of the major energy conferences in Switzerland which continues to attract

around 600 participants.

2.3.14 USA

The mission of the Fuel Cell Technologies Office is to enable the widespread commercialization of a portfolio of hydro-

gen and fuel cell technologies through applied research, technology development and demonstration, and diverse

efforts to overcome institutional and market challenges. The appropriation for FY15 was USD 97,000,000 and for FY16
was USD 100,950,000.

Following are the key targets for the Office:

Fuel cells

A

Develop a 65% peak-efficient, direct hydrogen fuel cell power system for transportation that can achieve
5,000-hour durability (ultimate 8,000 hours) and be mass produced at a cost of $40/kW by 2020 (ultimate
$30/kW).

Develop distributed generation and micro-CHP fuel cell systems (5 kW) operating on natural gas that achieve
45% electrical efficiency and 60,000-hour durability at an equipment cost of $1,500/kW by 2020.

Develop medium-scale CHP systems (100 kWi 3 MW) by 2020 that achieve 50% electrical efficiency, 90%
CHP efficiency and 80,000-hour durability at a cost of $1,500/kW for operation on natural gas and $2,100/kW

when configured for operation on biogas.

Hydrogen storage

A

By 2020, develop and verify onboard automotive hydrogen storage systems achieving 1.8 kwWh/kg system
(5.5 wt.% hydrogen) and 1.3 kWh/L system (0.040 kg hydrogen/L) at a cost of $10/kWh ($333/kg H2 stored).

Enable an ultimate full-fleet target of 2.5 kWh/kg system (7.5 wt% hydrogen) and 2.3 kWh/litre (0.070 kg hy-
drogen/litre) at a cost of USD 8/kWh (USD 266/kg hydrogen stored) for on-board automotive hydrogen stor-

age.

Hydrogen production

A

The cost target for hydrogen at the pump for vehicles is $7/kg for early markets and $4/kg ultimate.

A number of key accomplishments were identified in 2015-2016.

Vehicles/buses

A

From2012-2015, fuel <cell vehicles demonstrated 3900
to the 2020 target of 5000 hours durability

Hyundai is leasing its Tucson fuel cell vehicles in California for $499/month and $2,999 down payment. Toyo-
ta is leasing its Mirai fuel cell vehicles in California for $499/month and $2,999 down and selling the vehicles
for $57,500. The fuel and maintenance for both vehicles are free. CA state rebates of $5000 and federal tax

credits of $8,000 are currently available for qualified buyers.
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The Honda Clarity will be available in the state of California in the winter of 2016-2017. Free fuel and mainte-
nance are available for the vehicle as well as HOV (high occupancy vehicle) Lane Access. The vehicle can
be leased for $349/month, $2,499 down payment or purchased for $57,500. State and federal rebates and
tax credits are again currently available.

In October 2016, GM debuted an off-road-capable fuel-cell-powered electric vehicle that can climb over all
kinds of terrain.20 The U.S. Army Tank Automotive Research, Development and Engineering Center will test
the vehicle in extreme field conditions to determine the viability of this vehicle on military missions.

On April 19th 2016, the Stark Area Regional Transit Authority (SARTA) and the Ohio State University un-
veiled the first hydrogen fuel cell bus in Ohio at the Ohio Statehouse in Columbus, OH.

On September 28, 2016, SARTA held a ribbon cutting event at the opening of a new hydrogen refueling sta-
tion at SART AsGnCantor, ®id. The aydrogern will service the ten hydrogen fuel cell buses that

will be in regular service on SARTA's routes by the end of 2018.

Stationary systems

A In November 2016, Plug Power Inc. signed a cooperative memorandum of understanding with Zhangjiagang
Furui Special Equipment Co., LTD (Furui), along with a leading Chinese industrial vehicle manufacturer, to
develop new fuel cell applications and fueling solutions for the expanding industrial electric vehicle market in
China.

A The Super Bowl 50 Committee used several fuel cell powered generators from Altergy to provide power for
Super Bowl City in San Francisco during the championship football game.

A In October 2016, Nuvera Fuel Cells, LLC (owned by Hyster-Yale) demonstrated fueling of a Hyundai 2016
Tucson fuel cell electric vehicle with hydrogen from an electrochemical compressor. Electrochemical com-
pression should lead to broader adoption of fuel cell electric vehicles.

Hydrogen

A Hydrogen production: Using a solar simulator, NREL achieved 16% solar-to-hydrogen efficiency, 14.3% STH
under outdoor testing.

A Hydrogen delivery: PNNL demonstrated the first ever liquefaction of a gas from room temperature with mag-
netocaloriccoolingand arecord-br eaki ng 100eC temperature span.

A Toyota and Air Liquide are planning to construct 12 hydrogen fueling stations in the next year in the Northeast
U.S. including New Jersey, New York, Rhode Island, Massachusetts, and Delaware.21

Policy

A The US federal tax credit for stationary fuel cell power systems expired in 2016.

A In October, 2015, the Governor of the State of California signed the Clean Energy and Pollution Reduction
Act of 2015 to provide clean energy, clean air, and pollution reduction for 2030 and beyond. The objectives of
the Act aim:

A (1) Toincrease the procurement of electricity from renewable sources from 33 percent to 50 percent.

A (2) To double the savings in the use of electricity and natural gas by retail customers through energy efficien-
cy and conservation.

20 http://media.gm.com/media/us/en/gm/news.detail.html/content/Pages/news/us/en/2016/oct/1003-
zh2.html

2 https://fuelcellsworks.com/news/lodi-could-be-home-to-n.j.s-first-hydrogen-fuel-station/
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Table 13: Summary of US fuel cell information

Description Number of  Details, comments and companies involved
units

Large stationary fuel o ) ) o
>290 MW System size is >100 kW to multi-megawatt, systems in at least 43 states
cell systems

Operational fork lifts  >11,000 Plug Power, Nuvera (Hyster-Yale), forklifts in at least 26 states®®

) 350 cars By May 2016, 210 Mirais had been sold in the U.S.** 25 buses are being demonstrat-
Operational fuel cell ) ) ) - )
- and 35 ed now in CA. 46 buses are in the planning stage.”> SARTA in OH has 10 fuel cell
vehicles
buses buses.?

Operational hydro-

. 27 g 1
gen refueling sta- 28 25in CA™, L eachin CT, MA, and SC," 12 planned for Northeast

tions

2.4 Current Annexes

The following annexes were active in 2015/2016:

Annex 30 Electrolysis.

Annex 31 Polymer Electrolyte Fuel Cells (PEFC).

Annex 33 Fuel Cells for Stationary Applications (including MCFC).

Annex 34 Fuel Cells for Transportation.
Annex 35 Fuel Cells for Portable Applications.
Annex 36 Systems Analysis.

Annex 37 Modelling

Together, these annexes form an integrated programme of work from February 2014 to February 2019, comprising
three technology-based annexes (Electrolysis, SOFC and PEFC) and three application-based annexes (stationary,
transportation and portable applications), with the systems analysis and modelling Annexes encompassing all these

areas.

2 https://fuelcellsworks.com/news/lodi-could-be-home-to-n.j.s-first-hydrogen-fuel-station/

= https://energy.gov/sites/prod/files/2016/11/f34/fcto_state_of states 2016_0.pdf
24http://WWW.greencarreports.com/news/1103847_smalIer-cheaper-toyota—mirai-fuel-celI-car-coming-in-2019-company-
says

% http:/mww.nrel.gov/hydrogen/proj_fc_bus_eval.html

* http://www.sartaonline.com/Content/uploads/SARTA-and-OSU-Fuel-Cell-Joint-Release-4406.pdf

7 http://cafcp.org/stationmap
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Figure 5: Summary of current annexes

Technology annexes Application annexes
Electrolysis Stationary
SOFC Transport
PEFC Portable
Systems Analysis Annex
Modelling of Fuel Cell Systems l
2.5 How to join the AFC TCP

The AFC TCP welcomes new participants from IEA and non-IEA countries. It is a task-sharing activity, so we
encourage countries with a significant programme of fuel cell research, development and commercialisation of this

technology to become member countries.

Any company or institution of a member country is invited to join our Annexes, in which the technical work to develop

and understand fuel cell development is carried out.

We also welcome individual companies, government agencies and industrial or academic organizations that work in
this field to join as Sponsoring Organizations. This allows groups to join Annex meetings and to attend the Executive
Committee meetings, so providing direct access to the most current international technical discussions on fuel cells

and the opportunity to further develop an international network.

If you are interested in joining the AFC TCP, please contact the Secretary, Michael Rex (secretariat@ieafuelcell.com).
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3. Executive Committee Report

3.1 ACTIVITIES

Two Executive Committee (ExCo) meetings were held in 2015 and two in 2016.

Table 14: Executive Committee Meetings 2015 and 2016

Date and place that meetings were held

ExCo 50 23 and 24 April 2015, Zurich, Switzerland
ExCo 51 15 and 16 October 2015, Phoenix, USA
ExCo 52 16 and 17 June, 2016, Zaragoza, Spain

ExCo 53 9, 10 and 11 November 2016, Beijing, China

A successful outreach event was held at Zurich University of Teacher Education (PH Zirich) following the ExCo meet-
ing. This was attended by 20 ExCo members, and over 30 people from the commercial and research sectors in Swit-
zerland. The event, 'Technological Status and Economic Potential of Fuel Cell Technology', included guest speakers
David Hart (E4Tech), who described the latest Industry Review for Fuel Cells 2014, and Andreas Mai, who shared
details of the latest products from HEXIS. Additionally, presentations by Nancy Garland (DOE, US), Michio Hashimoto

(NEDO, Japan) and Laurent Antoni (CEA, France) gave the international status of fuel cells.

The AFC TCP continues to produce two newsletters a year, sharing the work of the group with a wide audience. They

are available through the website and are sent by email directly to the people on our distribution list.

The AFC TCP published the report International Status of Molten Carbonate Fuel Cells Technology as well as the

report on National Strategies and Plans for Fuel Cells and Infrastructure.
The website was updated to rebrand from Implementing Agreement to a Technology Collaboration Programme.

Also, the Secretariat Services was put out to an open tender for 2017.

3.2 MEMBERSHIP
Inn 2015, AFC TCP welcomed VTT Technical Research Centre Ltd (VTT) of Finland as a sponsoring organization of

Finland.

Interest in joining our work in 2015 was expressed by Croatia, with Dr. Ankica Du k frdm University of Zagreb attend-
ing the spring meeting and China, with Zhang Jinhua and Ge Yingying from the Society of Automotive Engineers of
China (SAE-China) attending the fall meeting.

In 2016, the Centro Nacional Del Hidrégeno (CNH2) was also invited to join the Executive Committee as a sponsor

organization.

The following re-elections were made in 2015 by unanimous agreement: Professor Detlef Stolten (Germany) appointed
as Chairman and Bengt Ridell (Sweden) and Dr Nancy Garland (USA) as Vice-Chairs. Also,Jacob Teter replaced Alex
Korner as the IEA Desk Officer for the AFC IA.
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In 2015 Ayelet Walter became alternate member for Israel, Dr. Sang Jin Moon became the fuel member for Korea
replacing Dr. Jimi Lee. For Japan Masataka Kadowam replaced Kenji Hoduchi as the member and Katsumi Yokomoto

replaced Hiroyuki Kanesaka as alternate member. Viktor Hacker stood down as alternate member for Austria.

TABELLE Advanced Fuel Cells Implementing Agreement Member Countries

3.3 FINANCING AND PROCEDURES

All activities under the Annexes of the Implementing Agreement are task shared. The only cost shared activity is the
Common Fund, which provides funding for the Executive Committee Secretariat. The new funding arrangements were
introduced in 2011, whereby there are three tiers of Common Fund contributions; the level of payment is led by a coun-

try’s level of GDP.
Since 2015 two types of membership are now offered:

A Contracting Parties: the national government of a country can join the Technology Collaboration Pro-

gramme on Advanced Fuel Cells as a Contracting Party.

A Sponsors: research organizations, industry, and business partners may join the Technology Collaboration

Programme on Advanced Fuel Cells as Sponsors.

3.4 KEY DECISIONS in 2015/ 2016
A Unanimous approval was given for Croatia and China to join the Technology Collaboration Programme as a
full Contracting Party (University of Zagreb, Croatia; SAE-China, China) and Centro Nacional Del Hidrogeno
(CNH2) to join the T CP as a Sponsoring Organization.

A It was unanimously voted to put the Secretariat Services out to an open tender for 2017 and to authorize the

Chairman to negotiate with the top three bidders and to select the most proper company.

A The Implementing Agreements have been rebranded as Technology Collaboration Programmes and all are
asked to use the new branding in the future, to give a more meaningful name. The website has been re-

branded in line with this.

A It was decided by unanimous vote that Detlef Stolten (Germany) will remain as Chairman, with Nancy Gar-

land (USA) and Bengt Ridell (Sweden) as Vice Chairwoman/man for the next two years.

3.5 FUTURE PLANS
Information exchange with other Technology Collaboration Programmes continues to be encouraged, building on links

already in place with the Hydrogen and Hybrid Electric Vehicle Technology Collaboration Programmes.

Two Executive Committee meetings will be held in 2017. The 54" meeting will be held in Stockholm, Sweden on June
20 and 21 2017. The 55" meeting will be held in Berlin, Germany in November 14 to 16, 2017. A Topical Meeting on
Electrocatalysis for Fuel Cells will be held on November 15, 2017 in Berlin, Germany in combination with the 55™ ExCo

meeting.
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4,

4.1

Annex reports

ANNEX 30 REPORT: ELECTROLYSIS

Key Messages i Facts

Electrolysis

A The electrochemical production of hydrogen by means of water electrolysis is a well-established technical
process.

A If water electrolysis technology is to be widely and sustainably used on the mass market for the storage of
renewable energy, further steps must be taken to resolve outstanding technical issues, such as low power
densities and inadequate stability, as well as the high manufacturing and operating costs associated with
the technologies currently in use.

A The predominant electrolysis technologies in commercial installations are alkaline and PEM-based.

A Over the last years, PEM electrolysis in the MW class has also been demonstrated.

A Alkaline membrane electrolysis and solid oxide electrolysis (SOEC) are in pre-commercial development in

laboratories.

Key Messages 1 Opinion

Electrolysis

A The main technical challenges and development goals facing water electrolysis are improved stack perfor-
mance and durability, scaling up to the 10-100 megawatt size range, grid integration and high pressure op-
eration.

A Stack performance needs include improved membranes and catalysts.

A Improving the durability of cell materials, including a better understanding of degradation mechanisms, is
important.

A Megawatt scale-up needs include reducing capital costs by 50% per kilowatt.

The objective of the Electrolysis Annex is to provide a platform for international information sharing and learning be-

tween experts with knowledge and experience of electrolyser technologies. It seeks to understand how these can best

be deployed in energy systems in order to accelerate the development and eventual commercialization of the following

technologies:

A

A
A

PEM electrolysis (electrodes, catalyst-coated membranes (CCMs), stacks, lifetime enhancement, test proto-
cols, balance of plants, etc.)
Alkaline electrolysis, including alkaline membrane electrolysis

Solid oxide electrolysis

The work of the Annex focuses on all three electrolysis technologies. In addition to information exchange, the standard-

ization of definitions and harmonization of test procedures/protocols is the focus of the current activity.

This Annex is new in 2014, having been set up in response to increasing interest in utilizing renewable energy across
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Europe i especially stranded energy and that generated when grid output exceeds demand. The Annex will run

through 2019.

The Operating Agent is Jurgen Mergel of Forschungszentrum Jilich GmbH and the list of participating organizations

can be found below.

Table 15: List of participating organizations in Annex 30.

Country Participant

Associated Institution

Denmark Technical University of Denmark
Denmark EWII Fuel Cells/ AS

France Areva H2Gen

France Universite Paris Sud

France CEA Grenoble

Germany Forschungszentrum Jilich GmbH
Germany Siemens

Germany DLR Stuttgart

Germany Fraunhofer ISE Freiburg
Germany HYDROGENICS Europe
Germany ThyssenKrupp Uhde Chlorine Engineers GmbH
Germany NRW Energieagentur

Germany Projekttrager Julich

Germany Fraunhofer IMWS

Germany H-TEC Systems GmbH
Germany Evonik Industries AG

Germany Greenerity

Germany Schmack Carbotech

Italy McPhy

Japan NEDO

Japan Technova Inc.

Japan Asahi Kasei Corp.

Japan De Nora Permelec Ltd

Japan Yokohama National University
Japan Hitachi Zosen

Japan Toray Industries, Inc.
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South Korea KIST, Korea Institute of Science and Technology
Switzerland Paul Scherrer Institut (PSI)

USA NREL

USA Giner Inc.

USA ProtonOnsite

USA 3M

To date, alkaline electrolysers remain the primary commercially available means of electrolytic hydrogen production,
and this has been the case for the past few decades. PEM electrolysis has, however, been in research and develop-
ment over the last 40 years and has only recently begun to break through into some small niche commercial markets.
Although a number of institutes and companies are currently pursuing high-temperature electrolysis, no commercial

product is available on the market yet.
At present, the predominant technologies in commercial installations are alkaline and PEM-based.

Figure 6: Comparison of state of the art alkaline and PEM electrolysis technologies (Source: For-

schungszentrum Jilich GmbH).

Specification Alkaline electrolysis PEM electrolysis

Quelle: HYDROGENICS

Spec. energy consumption stack

Spec. energy consumption system

4.2 — 5.9 kWh/Nm?
4.5 - 7.0 kWh/Nm?

Cell temperature 60—-80°C 50-80°C
Pressure < 32 bar < 45 bar
Current density 0.2-0.4A/cm? 0.3-3.0A/cm?
Cell voltage @ nominal load 1.8-24V 18-22V
Cell voltage efficiency (relating to HHV 1.48V) 62-82% 67 - 82 %

4.2 - 5.6 kWh/Nm?
4.5 - 7.5 kWh/Nm?

Load range 20 - 100 % 5-100 %
Cell area =4 m? 1,600 cm?
H, production rate per stack/system <760 Nm3h up to 285 Nm?h
Lifetime stack < 90,000 h Design lifetime > 80,000 h
Lifetime system incl. maintenance 20-30a 10-20a

If water electrolysis technology is to be widely and sustainably used on the mass market for the storage of renewable
energy, further steps must be taken to resolve outstanding technical issues, such as low power densities and inade-

guate stability, as well as the high manufacturing and operating costs associated with the technologies currently in use.

Important challenges in the further development of alkaline water electrolysis include, in particular, increasing the pow-
er densities of stacks, enlarging the partial load range, reducing system size and complexity and improving the dynam-
ics of the entire system. In comparison to alkaline electrolysis, PEM electrolysis permits a much larger partial load
range, which is particularly beneficial for operation with renewable energy sources. The main challenge for PEM elec-
trolysers is their cost, which is primarily accounted for by stack components, and so there is a need to investigate the

reduction of noble metal content and replace the expensive, titanium-based separator plates and micro porous layers
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with cheaper materials like corrosion-protected stainless steel. By increasing current density, however, it is also possi-
ble to decrease the costs relating to alkaline electrolysis. The durability of PEM electrolysers also presents an issue

(especially with increases in temperature).

Because of the great interest in producing hydrogen as energy storage medium by means of electrolysis powered by
excess, renewable electrical energy, PEM electrolysers have already been developed and constructed on the MW
scale for various projects in recent years. An overview of the most important producers of alkaline and PEM electrolys-

ers on the MW scale is displayed in Fehler! Verweisquelle konnte nicht gefunden werden..

Figure 7: Main players in water electrolysis - Systems in the MW class (Source: Forschungszentrum Jilich
GmbH).

Alkaline membrane electrolysis and SOEC are in pre-commercial development in laboratories. SOEC development
has profited from SOFC (Solid Oxide Fuel Cell) know-how, but further work is still required, especially with respect to

the optimization of electrode materials and the improvement of long-term stability.

4.1.1 Activities
After the inaugural workshop in 2014, two further workshops were held in 2015 and 2016, respectively. The first work-
shop in 2015 was carried out in cooperation with the FCH Joint Undertaking Project MEGASTACK at the Herten Hy-
drogen Center of Excellence in Herten (Germany) and was hosted by HYDROGENICS and the NRW Energy Agency.
35 participants from 7 member states participated in this event in April, which concerned the cost reduction of PEM
electrolysis packets in the MW class and the standardization of test protocols for components, individual cells and

stacks.

The second meeting took place at NREL (the National Renewable Energy Laboratory) in Golden, Colorado (USA) in
October. 28 participants from Denmark, Germany, Japan, Switzerland and the United States took part in the workshop
which, in addition to a lively exchange of information, dealt with the definition of standard test protocols for components

and individual cells for PEM electrolysis.

In 2016, a workshop was held in Tokyo, with another meeting taking place in Oslo in October, together with TASK 33
of the Hydrogen Implementing Agreement. The ANNEX 30 meeting in Tokyo was hosted by NEDO and 36 patrticipants

40





























































































































































































