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ABSTRACT
In the context of the project JANUS, HELION, a sdizy of AREVA and in charge of the business
unit Hydrogen and energy storage, is deployingthar first time in a French public building, a
hydrogen-based energy storage system i.e. the &meBoxX". The 50 kWe system is coupled with
a photovoltaic farm to ensure not only up to 45%ckical autonomy but also power backup solution
to the building. The safety strategy and sittingamees of the complete hydrogen chain are described
in the paper. The work realized with the Fire Auities and Public to gain the acceptance of the
project is highlighted in the paper.

1.0INTRODUCTION

The future belongs to Renewable Energy Sources R&®I satisfying the energy growing
demand for sustainable energy sources must be fotlee dhighest priorities for research in the
energy field. Four main electricity storage applmas can be distinguished for RES management:

- Load leveling — to allow to smooth the RES powanploutput (Figure 1 left).

- Time shifting — to store electricity during low dand periods and feed in the grid when
demand is high and/or electricity prices high.

- Forecast optimization uses the storage system hsffar enabling a real-time RES
production as scheduled — for example in PV or v@dhours’ forecasts (Figure 1 right).

- Grid stabilization and system services: storagdesys based on hydrogen can act as
secondary and tertiary reserves for grid frequemyvoltage regulation

= Puissance PV initiale ~ Puissance éolienne prévue

= Puissance éolienne réelle

— Puissance PV lissée avec un
moyen de stockage

Figure 1: Storage system allows to smooth the Riz®&pplant output (Left); Forecast optimization
uses the storage system as a buffer enabling-timeaRES production as scheduled — for example in
24 hours forecasts (Right).



Hydrogen presents many advantages for storagee®ES, in particular:

- PEM electrolyser are suitable for high dynamicsfiRES e.g. wind and photovoltaic;

- High pressure electrolysis i.e. 35 to 50 bar alloesproduction of gaseous hydrogen and
oxygen without further compression stage which ieglower investment costs and higher
simplicity of the system;

- H2 and O2 are both stored and used to produceielgcback in an H2/02 fuel cell;

- O2/H2 fuel cells are air independent system andgurea better output compared to Air/H2
fuel cells

- Carbon free electricity production without toxicngpounds ;

- Noise free;

- High efficiency when combined with power and heaidoiction;
- No self-discharge over time;

- Independent optimization of the system deliveredigro(fuel cell power: kW) and of the
available stored energy (gases storage: kWh).

2.0 JANUS PROJECT AND THE DEPLOYMENT OF THE GREENERGY BOX™
2.1 Energy context of the city of La Croix Valmer

The city of La Croix Valmer, located in the Golf &aint Tropez, faces a significant electricity
demand in summer on account of a population midtpby a factor 10. Therefore, the city is often
exposed to repeated power cut during this periodhis context, the city of La Croix Valmer targets
to be more autonomous from the electricity network.

2.2 Theproject JANUS: an innovative concept

The project JANUS [1] aims at developing hydrogesdsl energy storage solution coupled with
photovoltaic panels in order to:

- Insure the green production of electrical and ttamenergy of for five buildings of the city

- Ensure partial energy autonomy of these buildinggeaguarantying backup solution in case
of power cut

- Decrease the energy bill of the city while conttibg to sustainable development
- Develop a reliable and safe solution for the nenegations

The project is partially self-financed thanks te flact that a part of the electricity produced by t
photovoltaic panels is sold back to the Frenchtetgty provider EDF.

The project JANUS was labelled in October by the@déPergies cluster, dedicated to the CO2-free
polluting energies of the Regions Provence-AlpegeGBAzur, Corsica, Guadeloupe, Réunion and
Monaco.

The Greenergy Bd¥ [2], developed by HELION-AREVA [3], is a hydrogdrased energy storage
system that has been chosen to be coupled withoypbitdic panels to answer to the energy
requirements of the city of La Croix Valmer. ThesfiGreenergy BdX' is going to be installed in a
Kid Leisure Centre of the City.



2.3 The GREENERGY BOX™: the solution for JANUS proj ect

The Greenergy BdX is a containerized hydrogen chain comprising actelyser, a fuel cell, a
water , heat, electricity management systems cdupléh a hydrogen and oxygen storages installed
aside of the container. The Greenergy Bbis an integrated modular product that can offppaer
from 50 to 500 kW with a storage capacity from @2 MWh. Several systems can be coupled to
increase the power and the energy capacity. Coupldd RES, such solution allows not only to
ensure a building autonomy from 45 to 85 % but &dserovide the function of backup system for few
hours at high power.

The photovoltaic panels provide electricity to #lectrical network and the surplus is used by the
electrolyser to produce gaseous hydrogen and oxydece stored, hydrogen and oxygen can be used
to generate electricity thanks to the fuel celltesys Heat which is also produced by the systenmduri
both electrolysis and hydrolysis processes is@mianaged and valorized for adjacent buildings.

The water-proof and wind-resistant Greenergy Bds segregated into three different compartments,
including in particular an electrical, a fuel catid an electrolyser compartment as shown in Figure
below.
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Figure 2: Segregation of the Greenergy Bbx

The Greenergy BdX system is currently being tested on HELION’s sigeshown in the Figure 3
below. The development of such solution enables IBBLto offset the remaining barrier to the full
deployment of renewable energies: their intermayen



Greenergy BoX”

Supervision room

O, storage

H, storage

Figure 3: Greenergy BoX settlement on HELION's site.
2.4 Sizing for theKid Leisure Centre

The Kid Leisure Centre is going to be equipped with00 M photovoltaic panel farm delivering 29
kWc power and coupled with a complete hydrogenrchdihe different sized components of the
hydrogen chain are presented in Figure 4. In pdaticthe Greenergy BOX is able to deliver a 50
kWe power. The gaseous hydrogen and oxygen tankes sized to achieve 45 % of the electrical and
thermal building autonomy i.e. about 200 Nof hydrogen and about 100 Rmf oxygen. The back-
up solution offers an electrical autonomy of 4 tsoatr 50 kW or 10 hours at 20 kW.

H,reservoirs:
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Figure 4: Hydrogen chain to be installed in the Ké&isure Centre.



3.0SAFETY STRATEGY OF THE HYDROGEN CHAIN

HELION is designing and building hydrogen systemsrhore than 10 years. Safety of system and
installation is always a key consideration. A gémadwledge of hydrogen behavior and a conception
in accordance with European and French codes,at@®dnd best practices allows to maintain a high
safety performance.

The Greenergy Bd¥ is certified C€ by following the Low Voltage Directive, LVD 73/2BEC, the
Electromagnetic Compatibility Directive, EMC 89/3B&C, Machinery Directive, MD 98/37/EC,
Pressure Equipment Directive, PED 97/23/EC.

The risk assessment of the complete hydrogen chagalized in three steps. First, a document ‘Basi
safety considerations” that describes the maintygagguirements for the conception stages of the
hydrogen chain is defined. Once the conceptiomefsystem is sufficiently detailed, a HAZOP revue
of each subsystem (HAZard and OPerability Studypésformed to identify potential causes of
process deviation, their associated consequenckassess the efficiency of the existing barriessaA
third stage, a fault tree analysis completes th& @R revue so as to highlight the conception fajlure
inappropriate system configuration and externatcemsiof danger for identified unwanted events. All
the Ts'\;lslfety study is centralized in a same docurifgyrthesis of the safety studies of the Greenergy
Box " [4].

The overall safety strategy of the hydrogen chaietailed below.
3.1 Leak suppression and controal

Equipment and piping materials are chosen to bepatible with hydrogen and oxygen use to prevent
hydrogen embrittlement and oxygen corrosion. Matericould be selected from the 1GC15/06,
ISO/TR 15916 and ISO 11114-4. Pressurized hydrageh oxygen are commonly stored in steel
cylinders. The maximum carbon equivalent (CE) meglfor hydrogen material is 0.43 as described
in the IGC 121/04, § 3.

Welded connections are preferred and are used wdrepeactical to minimize potential leak sources.
The number of joints and fitted connexions are mined.

Both electrolyser and fuel cell compartments of @eenergy BoX" are equipped with two hydrogen
sensors and one oxygen detector. A security shugotffiggered when hydrogen is detected in
concentration greater than 10 % of the Lower Flamlita Level (0.4 % H2 in air) in the
compartment. An emergency shut-off occurs if therbgen concentration is above 25 % of the
Lower Flammability limits (1 %). Oxygen detectioriggers whenever the oxygen concentration
reaches more than 23 % in volume air.

Furthermore, hydrogen and oxygen leaks are alsectst by pressure difference during standby
phases. An alarm is triggered if there is a mimasl|of pressure during the standby stage, ane if th
pressure loss is too significant the system witlb®able to restart.

Before commissioning, hydraulic and leak testspaidormed as required by the Pressure Equipment
Directive, PED 97/23/EC.

Regular inspections and preventive maintenancerg@nag are organized to ensure the maximum
safety level. In particular, leak tests on pressenilators, valves, pipes, joints and connectitas
are regularly realized. Frequent visual inspectians organized to check the level of corrosion.
Information regarding inspection and maintenaneguencies can be found in the Appendices F of
the IGC 121/04 and IGC 13/02.



3.2 Prevention of formation of flammable or over-oxygenated atmospheres

The three compartments of the Greenergy 'Boxare naturally ventilated thanks to lateral vents
located on both sides of the container as shoviigare 2.

The fuel cell and electrolyser compartments ard lsofuipped with an ATEX protected ventilation
that triggers when the hydrogen concentration svab0.4 % by air volume or when the oxygen
concentration reaches 23 %. The maximum flow radt the fan is capable to deliver is sized for the
thermal dissipation in the compartments i.e. 25@hnfior the Fuel Cell compartment and 2708hm
for the electrolyser compartment.

Modelling of an catastrophic hydrogen leak of 750nfih flow rate using the LES (Large Eddy
Simulation) approach developed at the Universityister [5, 6] highlights that it takes about 1fbs

the hydrogen sensor to detect a hydrogen in coratant higher than 0.4 % in the naturally ventitate
electrolyser compartment. Considering the consemevéditypothesis of 30 s for a response time of the
hydrogen sensor, it can be observed that after dDcentinuous constant release the hydrogen-air
concentration formed under the ceiling is stilldvelthe Lower Flammable Limit (LFL) of hydrogen

in air i.e. 4 % by air volume. At this moment, thgdrogen sensor sends a signal to the control
command that activates the air intake fan to itgimal speed. It can be observed that the hydrogen
air cloud is entirely diluted in less than 2 s.

3.3 Suppression/reduction of ignition sour ces

The inside of the Greenergy Bdkwhere hydrogen may leak or diffuse is not clasdifas ATEX
zone since it can be demonstrated the safety barpgeevent the formation of ATEX zone by
accumulation. Nonetheless, all the equipment ilestalist under the ceiling and susceptible to &gait
flammable hydrogen-air mixture is certified for AXEzone 2. It concerns in particular the fire
sensors, hydrogen detectors, oxygen sensors anerlikation system.

The Greenergy BdX and reservoirs are earthed and bonded to givegiion against the hazards of
stray electrical currents and static electricity.

3.4 Protection against over pressures

Each reservoir and piping lines from the Greendgy™ to the storage tanks are equipped with a
pressure relief valve. The tare pressure of thespire relief valve is set so that the PRV actuaten
the tank pressure reaches 1.15 of the maximal tipgaressure.

The storage tank vents are mounted vertically miramum height of 3 m and are bended at 90° to
avoid the introduction of water within the vent.

The hydrogen and oxygen vents are located at amami height of 1 m above the roof the container
and are well separated to avoid oxygen-enricheddggh-air mixture. Each venting line is common
to the electrolyser and the fuel cell and allowesdipressurization of the system in less than 2itexsn

in case of emergency shut-down.

3.5 Emergency and safety shutdown

The control command is also used to trigger thetgafunctions. About 70 safety functions are
recorded into the control command to detect anygs® deviation, gaseous leak or fire within the
system. Depending on the amplitude of the procesmtion in comparison with the safety threshold,
an emergency or a security shutdown is triggered aray be followed by a power cut, a
depressurization, an inerting stage and/or verractivation (except for fires).

The main safety functions i.e ,H3, and fire detections, emergency shutdown bottomveaitdh dog
of the control command respect the Safety Intedrityel 1 (SIL).
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3.6 Security of theinstallation

The Greenergy Bd¥ and storage tanks are installed outside withimrrolled area surrounded by
fences, walls or safety barriers and only accessidhuthorized persons.

Authorized staff is trained and are trained tovafg emergency procedures. Any work other than that
directly connected with operating or maintenancehef system is realized under the control of a
Safety Work Permit.

4.0KID LEISURE CENTRE: THE FIRST GREENERGY BOX™ IMPLEMENTATION IN A
PUBLIC BUILDING

4.1 The challenges
Lack of hydrogen-related regulation

The first installation of the Greenergy Bdxin the frame of the JANUS project is foreseen éairb
the new Kid Leisure Center building of the city.gaeding the French regulation, this type of buiidin
occupation is considered as a public housing tlet to follow precisely the building codes
requirements. In France, such regulation is notpdh to the installation of hydrogen-energy
installations since the word ‘hydrogen’ is even n@ntioned anywhere in the texts. Therefore, one
major challenge was to define the rules for th&t finstallation of a hydrogen-energy storage system
adequacy to the existing safety strategy in puidigsing regulations.

Late stage agreement to install the Greenergy Box™ within the building

In a perfect world, the installation location otthydrogen chain would have been defined with the
architects during the conception stage of the mgldn reality, the agreement to install the Gergy
Box™ was obtained whereas the architecture plans dufiding were almost finalized. At this stage
there was no chance to modify significantly thelding structure. On account of this late
involvement, the space attributed for the settldnoéthe Greenergy BdX system and the hydrogen
and oxygen reservoirs was quite narrow and locateithe proximity of the reception area of the
building, close to the building access road andrage entrance, as shown in Figure 3 below. Above
the garage is found a multi-purpose hall and msate that gets a direct view of the hydrogen chain
settlement.

Round abot
Receptior

<«——— Site reserved for
a7 the hydrogen chain

Terract

¥ Multi -purpose ha
4}— Public road

_ 3 o My IRE |;' to access to
. ¢ W ek the building
| peopma ity

Figure 4: Top view of the Kid Leisure Centre and thstallation site reserved for the hydrogen chain
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Public acceptance of hydrogen technology and safety

In addition to the challenges related to the finstallation of the hydrogen chain in the enviromte
described above, public perception and acceptagading hydrogen represent a crucial factor for
the successful implementation of the hydrogen-basedrgy storage chain in the city. A
communication strategy was therefore necessargmiptto convince the population of the benefits of
such projects but also to demonstrate them thanghallation of the hydrogen chain is safe.

4.2 Solution of the hydrogen chain implantation
Analogy with cogeneration systeminstallation in public buildings

As it has been previously described, the publicsirau regulation is not adapted in France for the
installation of hydrogen systems. Nonetheless, itapklosely to the texts, some similarities can be
found for the installation of cogeneration systefscording to the regulation, a cogeneration system
consists of producing simultaneously electricitg dieat with the help of a thermal motor or a tuebin
using liquid or gaseous combustible. Looking as ttefinition, a Greenergy B8% can also be
considered as a cogeneration system since it pesdelectricity and heat, the only difference being
that the electricity and heat are produced thaolestelectrochemical process using hydrogen, oxygen
and water.

Considering that a Greenergy BYxis a compact and containerized system, it carsbenilated to a
“cogeneration module” according to the regulatidie installation guidelines have therefore to
follow the requirements defined for combustion mepsystems, which are defined according to two
parameters, namely the total power and the locatidnstallation i.e. inside, outside or on a tega
The parameter “power” is described as represetiiadotal electrical and thermal power delivered by
the system and is classified into three categotiedow 30 kW”, “between 30 and 70 kW” and “over
70 kW”. The total power delivered by the GreeneBgpx™ corresponds to 100 kW i.e. 50 kW for the
electrical power and 50 kW for the thermal pow&eréby falling into the third category “over 70
kW”. For an outside installation, the text requiregarticular that:

- The envelop of the system must be constructed material (not flammable)

- The system has to be installed in an area not sibbedo the public or made inaccessible by
the use of a wall or a fence of at least 2 m high

- The system has to be installed at a minimum distasfc10 m from the public highway,
private property limit or other buildings. If thiistance cannot be respected, a protective wall
of fire resistance of 2 hours and of minimum heigh?2 m must be erected

- A display must indicate that the installation isiceived to work outside and the access must
be forbidden to the public

Hydrogen and oxygen storage tank install ations

Regarding the hydrogen and oxygen reservoir irdtatl requirements, it has been proposed to install
the storage tanks in the same Greenergy ' Baone inaccessible to public. In addition to tliahas
been recommended to physically separate both stdeads by a protective wall of fire resistance of
hours. It has been preconized to install a one flaome guard canopy on the top of the tanks to
protect them from the risk from thermal flux in tt@se of a fire in multi-purpose hall.

Solution of implantation

The solution of implantation of the complete hydroghased energy storage solution, including the
Greenergy BoX' and associated hydrogen and oxygen tanks, is miegbén the Figure 5. The
dimension of the zone respects area reserved tgr¢héects shown in the Figure 4.
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Figure 5: Solution of implantation of the GreeneBpx™ and associated hydrogen and oxygen tanks.
4.3 Strong collabor ation with fire authorities
Organization of a meeting with local and National Fire Prevention Officers

In France, a local Public Housing Safety Commissiomposed of a representative of the Fire
Prevention Department, the Mayer of the town, apolan, a public representative of the Equipment
Department, is in charge of examining the compkaotarchitectural plans with the Public Housing
Safety regulation. The commission also realizepgnsons at the openings or after modifications of
buildings. Fire Prevention Service plays a key iolthis commission since they check the conformity
to the fire safety regulations.

On account of the lack of official safety requirantsedefined for the installation of a hydrogen-lihse

energy storage system in a public building, thall@afety commission is not competent to authorize
the installation of such systems in the Kid Leis@entre of La Croix Valmer. The safety document
has to be presented for authorization to the Nati®ublic Building Safety Commission that takes

place every month in Paris.

Thanks to the MYRTE project [7] and the good relaship established with the Fire Authorities of
Corsica, it has been possible to get the contaet wiember of the National Public Housing Safety
Commission. We invited this Firefighter Officer batso the local Firefighter officers under the
jurisdiction of the City of La Croix Valmer. Thegsentation included in particular:

- HELION’s activities and hydrogen products that aeveloped in HELION. A visit was
organized at the end of the meeting to show thamCelectrolyser test platforms, the didactic
product BAHIA [7], the Autonomous Underwater VeleidPAC-SM [7], the 70 kW backup
system called “MISTRAL” [7], the energy storageteys “Greenergy BoX" [7]

- The key hydrogen-energy associations, platforms padnerships at the International,
European and National levels to give an understandif the global context regarding
hydrogen as an energy carrier

- Few key demonstration projects such as MYRTE ptojéf or deployment projects of
hydrogen stations and vehicles in California ortNaf Europe

- A comparison of hydrogen properties with those @renconventional fuels such methane,
propane and gasoline with the message behind t@@ understanding of hydrogen physical
properties allows the safe design and handlingydfdgen systems
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- JANUS objectives, calendar and realization planning

- The safety treatment of the Greenergy Boand associated storage tanks as described in the
present paper

- The description of the solution of installationdescribed above.

The conclusions of the meeting were very satisfgctbhe Firefighter Officers highlighted that they

were pleased to be approached at an early stagéhdoinstallation of such new system. They
underlined that their knowledge regarding these hgdrogen technologies was low and that Fire
Departments will need educational and practicarbygen safety training in the future to know how to
handle potential incidents.

They gave a pre-agreement for the installatiomefritydrogen-based energy storage system within the
Kid Leisure Centre. They highlighted that the agsglovith cogeneration system installation in
accordance to Public Housing Regulation was thet agproach to follow. They also confirmed that
the final safety document will have to be presentedthe National Public Building Safety
Commission to get a definitive authorization.

Bearing in mind that the project JANUS aims atafistg other hydrogen-based storage systems in
four additional buildings of La Croix Valmer, theyso advised us to start the process of modifying
the French Public Housing Regulation.

Further collaboration with the French National Fire Association

Following this positive meeting with the Fire Autii@s, it has been offered to the Officer who
belongs to the National Public Housing Safety Cossion to participate to the review of the on-
going French standard ISO/TC 197 “Installation gtitogen system”. This standard that is being
prepared by an ad-hoc group led by AIR LIQUIDE amaimposed by HELION, CEA, INERIS,
SOPRANO, McPHY, N-GHY and BENSI, aims at definimgtallation rules of hydrogen systems.

A meeting, gathering several Firefighter Officerscluding the President of the National Fire
Association and the members of the ad-hoc groupthes organized in Paris to present a draft of the
standard. The National Fire Association found d irgarest to continue this collaborative work and
decided to organize other meetings with the adgnoap before the publication of the standard.

4.4 Social acceptance of hydrogen

Public acceptance regarding hydrogen is a strafiegior for the successful implementation of the
hydrogen project. A conference and a press pulditatere organized for the Science Day of the City
of La Croix Valmer. A whole afternoon was dedicatedpresent and discuss about hydrogen as a
future energy, hydrogen technologies, the JANUSeptoand the safety aspects of the hydrogen
chain. A small model of a hydrogen energy storagesn and a remote controlled hydrogen powered
car were displayed to familiarize people with hygko technologies.

Safety treatment of the hydrogen chain and theémphtation of the Greenergy Bxwithin the Kid
Leisure Centre were also presented. From a sat@ty pf view, the key messages delivered during
the presentation were that:

- Hydrogen behavior is well known and perfectly haddh the industry,

- The Greenergy Bd¥ is a certified € product that follows the European Regulations and
state-of-the-art related standards,

- The integration of the Greenergy BUxwithin the Kid Leisure Centre is realized in close
cooperation with the Fire Authorities
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- A pre-agreement was given by the Fire Authoritiesthe implementation of the hydrogen
chain within the Kid Leisure Centre. The final agreent will be delivered by the National
Public Housing Safety Commission

The audience seemed to be interested by the patisastand we did not notice severe opposition to
the project. From a safety perspective, it wasraeim our talk to highlight our close collaboratio
with Fire Authorities. Indeed, it gives more comditte to people regarding the safety of the hydrogen
installation, therefore facilitating the acceptaméghe project. Fire Authorities are essentialtipars
that have to be included as early as possiblerfstailations of hydrogen systems, especially when
they are not very familiarized with these new teabgies.

5.0 CONCLUSION

For the first time in France, a hydrogen-basedgnstorage system, the Greenergy Bbaeveloped

by HELION-AREVA, is being deployed in five FrenchulBtic Buildings in the frame of the project
JANUS. The Greenergy B8% is an integrated modular system that can offesvaep from 50 to 500
kW with a storage capacity from 0.2 to 2 MWh. Cagplwith Renewable Energy Source, such
solution allows not only to ensure a partial buiglautonomy from 45 to 85 % but also to provide the
function of backup system for few hours at high pow

The Greenergy Bd¥ is a certifiecC€ system that respects European Regulations aredcftiiie-art
related standards. The safety measures of the etenbydrogen chain is recapitulated into several
parts i.e. leak suppression and control, preventibfiormation of flammable or over-oxygenated
atmospheres, suppression/reduction of ignition camjrprotection against overpressures, emergency
and safety shutdown and security of the instaltatio

In the frame of the JANUS project, the first GregyeBox'" is going to be installed in a Kid Leisure

Centre of the City of La Croix Valmer. Despite tlaek of regulation related to the installation of
hydrogen system in Public Housing Regulation, thelémentation requirements were defined by
analogy to cogeneration system. A pre-agreementgnves by Local and National Fire Authorities

before the final presentation to the National Rublousing Safety Commission.

The involvement of the Fire Authorities has bedregn element not only for the pre-validation of the
Greenergy BoX’ installation within the Kid Leisure Centre but@i® develop further collaboration
on the on-going French standard ISO/TC 197 “Inatialh of hydrogen system”.

Communication related to the project was realizatihg a conference and through a press report. No
strict opposition was observed for the installatbbra hydrogen system in the Kid Leisure Centree Th
collaboration with Fire Authorities gave more cialiiy and reassurance to the public. The role of
Fire Authorities is then central not only for thermitting process of hydrogen projects but also for
hydrogen public acceptance.
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