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From an old dream.. to reality

In 1875, Jules Vernes has the vision in his novel
“L'ile mystérieuse” (The mysterious island) to use

hydrogen as fuel for the Nautilus...

P 318

— Qui, mais I'eau décomposée en ses éléments constitutifs, répondit Cyrus
Smith, et décomposée, sans doute, par I'dlectricité, qui sera devenue alors une

force puissante et maniable, car toutes les grandes découvertes, par une loi S R AR A

inexplicable, semblent concorder et se compléter au méme moment. Qui, mes

amis, je erois que |'eau sera un jour employée comme combustible, que Thydro- “\\( STE R

géne et I'oxygene, qui la constituent, utilisés isolément ou simultanément, four- % / <<\(

niront une source de chaleur et de lumidre inépuisables et d’unc intensité que Ay “p
~N JULES VERNE (et

la houille ne saurait avoir, Un jour, les soutes des steamers et les tenders des
locomotives, au lieu de charbon, seront chargés de ces deux gaz comprimés, qui
bréleront dans les foyers avee une dnorme puissance calorifique. Ainsi donc, rien
A craindre. Tant que cette terre sera habitée, elle fournira aux besoins dé ses
habitants, et ils ne manqueront jamais ni de lumiére ni de chaleur, pas plus qu’ils
ne manqueront des productions des régnes végétal, minéral ou animal. Je crois
donc que lorsque les gisements de houille seront épuisés, on chauffera et on se
chauffera avec de I'eau. L’eau est le charbon de I'avenir.

COLLEOTION HETZEIL
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Is H, the next energy vector?

® H, is foreseen as a way to store energy in the future for a fully
decarbonized world

® H, could deliver 34 kWh/kg when burned with H,O emission.

® Pure H, does not exist in nature and has to be produced by industrial
processes in large plant:

1. Reformate reactions from hydrocarbons

Significant energy

2. Thermochemical reactions from biomass required
under controversy!!!

3. Electrolysis of water

® H, should be distributed to the end-users for gas turbine power plants,
fuel cells, gas station for cars or airport for planes.
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H, production

® Reformate plant ® Electrolysis plant

Centralized production on industrial site  Decentralized production on renewable
with typical production ~1000 kg/h energy farm with typical production ~10 kg/h

Courtesy to Linde Courtesy to Air liquide
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By road....

From the small consumers to large ones

Ct;'i:lrte"sy to

Distribution of gas in bottle (B50) at 200 Liquid by large truck 50 m® at 1 bar 20K
bar 300K =0,9 kg/bottle = 3500 kg per truck
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But also by gas pipeline at room temperature

® An existing network of 1500 km in Europe and 900 km in the USA
® First installation in 1932

® Operating from 4 to 100 bar and environed to be increased up to 300 bar

V-, GERMANY

" FRANCE "

o Courtesy to Air liquide o
Ex Buried pipe EU network from Air Liquide

What about a liquid or supercritical H, pipeline network with superconducting
cables to transmit power through electricity and gas ?
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H, Pressure - Temperature diagram
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Hydrogen properties

Low Density= Easy pipeline management

/

N

Properties \ Hydro%en
Li Uh\ Supercritical Liquid Supercritfcal Supercritical Liquid
. \ZOK Z%K 408 70K 7%K
Density (kg/m?) | 160 §5< 72 12,5 6_>| 840
Cp (J/(kg.K)) 2600 5950\< &O 18700 1160 2000
Viscosity uPa.s 5,7 4.1 ‘\,1 2,4 3/ 225
Solid. T(K) 2,18 K (superfiuid) 1;,5K 64K
Boil. T (K) 5,2K (supercritical) /33K 110K

*Values at 15 bar
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Superconducting properties at 20K

1. Performances of superconducting materials significantly increase
when the temperature decrease.

Materials IC @ 77K SF IC @20K SF
REBCO 4 mm tapes 200 A 1700 A
BISCCO 4,5 mm tapes 180 A 1080 A
MgB, 1,33 mm wire Not superconducting 1200 A

2. Very compact cable conductors can be proposed ( ex. 10kA design)

Materials

Lig N, design at 70K

Lig H, design at 20K

REBCO 4 mm tapes

BISCCO 4,5 mm tapes

40 mm with 60 tapes
(Je= 8 A/mm?)

14 mm with 9 tapes
(Je= 64 A/mm?)

20 mm with 12 tapes
(Je=32 A/mm?)

MgB,1,33 mm wire

Not superconducting

10 mm with 18 wires
(Je=127 A/mm?)
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Liquid and superfluid H, as the insulation medium

® Gas H, shows reasonable insulation properties (breakdown voltage 60%
lower than gas N,)

® Liq H, shows similar voltage breakdown performances than liquid N, and
dielectric constant er, y,= 1,24 (lower than Liqg N2 er;\, = 1,42)
1. But only few results in literature available (1970..)

2. Under discussion within Cigré group D1.64 « Electrical Insulation Systems
at Cryogenic Temperatures” (meeting the 28/08/2018)

1. “Cold dielectric insulation” made of kraft paper lapped insulation impregnated by
Liq H, could be envisioned (similar to Lig N»)

2. A DC voltage breakdown of ~ 40kV/mm similar to Liq N, measured and used in
Bestpaths project could be used in Lig H,

3. Insulation in supercritical H, has to be considered in the future
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Flexible cryogenic envelope

To maintain the cryogenic temperature (<25 K) and to transfer Liquid H,

al
shield

. Corrugated inner tube
Low-loss spacer

. Vacuum space
Multilayer
superinsulation

. Corrugated outer tube
. PE jacket (optional)

W=

o O

Simple envelope Double envelope with

_ thermal shield
» Possible to transfer at low pressure under 20 bar for safety

» For winding on transportation spools 300 mm maximum diameter of cryogenic envelope

Technology already qualified for liquid H, transfer for aerospace industries.
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«Cablepipe» possible design

For electric power transmitted from 100 MW to 1 GW
® Flexible DC cable designs operating up to 200 kV

Cable conductor
OD 9-14 mm

HV insulation

OD 12-40 mm Cold gas H,
thermal shield

Inner cryogenic envelope
ID/OD 93/99mm e
108/114 mm

Outer cryogenic envelope
ID/OD 206/229 mm e
250/278 mm
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Overall System architecture gpe—
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Liq H, available for end-users in addition to
electrical power

For injected mass flow of 1000 kg/h (typical H, reformate plant capacity)

Distribution Liq H, oulet mass flow for | Liq H, return to maintain
length H2 end user superconductivity (DT=10K)
Without thermal 10 km 400 kg/h 600 kg/h
shield
With Gas H, thermal 10 km 900 kg/h 100 kg/h
Sl 50 km 500 kg/h 500 kg/h

1. Available Lig H, mass flow for the end-users increases when distribution length
decrease and when a thermal shield is used.

2. Maximum Liq H, mass flow is 4000 kg/h (to keep pressure drop < 20 bar) which
gives a daily transferred capacity along 50 km of 90 tons of H, per day
(equivalent to 30 trucks/day) corresponding to energy stored of 3 GWh/day.
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Conclusion

® Association of a superconducting cable for electrical power transmission
and Liquid H, distribution is already a possible with the today technologies

® |t offers an unique possibility with limited environmental impacts to both
transfer and store power through 2 vectors: Gas and Electricity.

® Use of H, in a full the future decarbonized world should however be
confirmed.

e Safety issues have of course to be addressed in details but it does not
seems unrealistic....

Superconductivity and cryogenic
communities are ready to build and
test a first demonstrator !!!
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Thank you for your attention

Contact:
Christian-Eric BRUZEK

christian_eric.bruzek@nexans.com
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