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Offshore green hydrogen.

An alternative to electricity storage:

The 3 phases of the production cycle:

- Production of hydrogen by electrolysis of sea water.

- Submarine storage of green hydrogen.

- Conversion of green hydrogen into green electricity.
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PRINCIPLE

The aim is to compensate for the intermittent nature of
renewable energy sources by storing and producing green
electricity from green hydrogen.

Surplus renewable energies such as wind, photovoltaic or even
nuclear power, in the meantime, will be converted into green
hydrogen through a pressurized seawater electrolyser
Immersed at great depths.

The green hydrogen released will then be stored in very large-
capacity tanks, themselves immersed in the immediate vicinity
of the electrolyzer.

This stored hydrogen, under pressure under seawater, in very
cheap concrete tanks will then be transformed locally into
green electricity via a fuel cell or a hydrogen turbine coupled to
a generator.

The green electricity thus produced will be redistributed via the
same network according to needs and peak hours.

THE WEAKNESSES OF HYDROGEN.

1- A production that generates greenhouse gases.

- Hydrogen is a very energetic gas (3 times more than diesel
for the same mass) which unfortunately does not exist today
In natural state in sufficient quantity to be economically
profitable.

Hydrogen is currently obtained mainly from oil, but its
production releases large guantities of greenhouse gases.

Another very well known and totally green production method
IS water electrolysis, which is much less widespread because
of its efficiency.

Today, to industrially produce 1 KW of green electricity from
hydrogen from electrolysis, 4 KW of electricity must be spent,
I.e. a final yield of 25%, compared to 33% for nuclear power.

2 - EXpensive reservoirs with limited capacities.

Hydrogen is the lightest gas in the whole universe and
occupies a large volume under standard atmospheric pressure
conditions.

It takes the volume of 11 m3, of a large utility vehicle, to
store 1 kg of hydrogen and be able to travel 100 km at its
wheel.

It is therefore essential to increase its density by strongly
reducing its volume while controlling a good tightness of the
tanks because it is highly flammable.

A - The first solution consists of compressing the hydrogen to
700 bars in very resistant carbon fiber tanks with a limited
capacity and manufacturing by filament winding, which is very
expensive. A 125-liter tank containing 5 kg of hydrogen allows
a car to travel 5 to 600 km.

B - The second solution consists of cooling the gaseous
hydrogen to minus 163°C to transform it into liquid hydrogen;
600 times less volume at atmospheric pressure.

Without any compression, 5 kg of hydrogen can therefore be
stored in a 75-liter tank, which must, however, be perfectly
thermally insulated.

For the moment, liquid hydrogen is reserved for very high-
tech applications such as space travel.

It is therefore important to seek to improve both the means of
production and storage while ensuring respect for the
environment.

The H2-O project has a triple objective:

1 - To improve final productivity by 30%.

- Sea water, which is one of the raw materials for hydrogen, is
In abundance at the foot of offshore wind turbines, it is free
and requires no pumping, transport or pressurisation (+2%o).

- The efficiency (+3%) of electrolysis is favoured by the water
pressure (20 bars at minus 200 metres).

- The very energy-intensive phases of compression,
decompression (+15%) to reach 700 bars or liquefaction
(+35%) of the stored hydrogen are therefore also eliminated;
the pressure will depend on the depth of the installations and
will be perfectly constant (20 bars at a depth of 200 metres).

- The conversion of hydrogen into electricity via a fuel cell or a
hydrogen turbine coupled to a generator will be done in the
Immediate vicinity of the tanks in order to optimise efficiency
and minimise line losses (+2%).

- The transport of electricity over long distances remains
simpler, safer, faster and more economical than that of
hydrogen at equal power, especially if the underwater cable
linking the offshore wind turbine to the shore is reused.

-16,000 m3 of hydrogen stored at a depth of 200 metres
would allow the production of a gigawatt whatever the hour.

2 - Designing very large-capacity tanks.

- The construction of these concrete tanks lined with a
polymer or concrete-dolerite composite liner will make it
possible to considerably reduce their price and increase their
volumes.

- Submerged tanks are not subject to any pressure other than
Archimedes' thrust since they are open to the outside
(principle of an inverted bell).

- The volume of the tanks is therefore not limited, unlike
pressurised hydrogen tanks made of carbon fibres or
Isothermal tanks for liquid hydrogen at -163°C.

- Safety against the risks of explosion and fire will therefore
be reinforced by the immersion and constant temperature of
the tanks (17.5° at a depth of 200 metres).

3 - Respect the environment:

- The immersion of the tanks will eliminate all visual pollution.
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Diagram of a tank.

- The rockfill of the reservoirs, intended to compensate for the
Archimedes' thrust, should favour the development of
underwater fauna and flora (reserve effect, reef effect) and
allow a solid anchoring of the floating wind turbines.

- The co-produced oxygen could also be used for the
production of chlorine, salt, soda and their derivatives, as well
as on site in fish farms for the oxygenation of the aquatic
environment which favours fish growth.

- The production, storage and instantaneous conversion of
green hydrogen into green electricity should make it possible
to reduce greenhouse gas emissions, compensate for the
iIntermittency of renewable energies and store large quantities
of "green electricity" offshore at a low cost.

(H2-O: symbolises the Offshore Separation of Hydrogen and
Oxygen from Water)

4 - THE H2-O.eu CONSORTIUM

Given the size of the project, it appears necessary to create a
consortium that can bring together the technical skills and
financial capacities of several companies: " H2-O.eu ".
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H2-0.eu - Member of the Word Alliance.

Solarimpulse foundation - Bertrand Picard.

EDF, ENGIE, VEOLIA, AIR LIQUIDE, AREVA H2GEN, SIEMENS, TOTAL
ENERGIE, McPhy, BULANE, ERGOSUP, BOUYGUES ENERGIE, GTT,VINCI,
COMEX, BACHY, CEA, HDF, SANY, G.E. POWIDIAN, VESTAS,RTE, ADEME,

SUEZ, FRANCE HYDROGENE ... rejoignez le consortium!

sources:

- CEA: Polymer liner.

- DOLERITY: Watertight natural reservoir.

- AFHYPAC: Hydrogen production by water electrolysis.
- AFHYPAC: Storage of hydrogen in compressed form.

- DAI: Electrode life time increased tenfold: Nickel versus
Platinum.

Press:

- SOLAR IMPULSE Air Liquide.
- DATACENTER MAGAZINE

- TV 83. Info

- LES NEWS DU NET

- DATACENTER TRANSITION

- YouTube

www.h2-0.eu
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https://solarimpulse.com/companies/h2-o-eu
https://www.cea.fr/Pages/innovation-industrie/transferts-industriels/stockage-de-l-hydrog%C3%A8ne.aspx
https://www.cea.fr/Pages/innovation-industrie/transferts-industriels/stockage-de-l-hydrog%C3%A8ne.aspx
https://www.connaissancedesenergies.org/tribune-actualite-energies/lhydrogene-naturel-curiosite-geologique-ou-source-denergie-majeure-dans-le-futur#notes
https://www.afhypac.org/documents/tout-savoir/Fiche%203.2.1%20-%20Electrolyse%20de%20l%27eau%20revjanv2017%20ThA.pdf
http://www.afhypac.org/documents/tout-savoir/Fiche%204.2%20-%20Stockage%20hydrog%C3%A8ne%20comprim%C3%A9_rev%20dec2016%20ThA.pdf
https://dailygeekshow.com/transformation-eau-carburant/
https://dailygeekshow.com/transformation-eau-carburant/
https://solarimpulse.com/companies/h2-o-eu
https://solarimpulse.com/companies/h2-o-eu
https://datacenter-magazine.fr/innovation-produire-et-stocker-de-lelectricite-sous-la-mer-via-de-lhydrogene-vert-offshore/
http://www.tv83.info/2020/11/06/stocker-de-lelectricite-sous-la-mer-une-realite/
https://www.lesnewsdunet.com/lesactus/h2-o-une-alternative-au-stockage-de-lelectricite.html
https://datacenter-transition.com/2020/11/17/
https://www.youtube.com/watch?v=mxDU9_V_jSg
http://www.h2-o.eu
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