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Existing H, based energy storage system

Reservoir Trihybus

Electrolyzer
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Existing H, based energy storage system UJV¢

= Conversion of electrical energy from renewable energy source into
hydrogen (Power-to-Gas)
= Main components:

Photovoltaic panels PEM electrolyzer 10 m3 H, tank PEM fuel cell
(13 kWp, 60 panels) (6.7 kW ~ 1.05 m3/hr(N)) (5 - 15 bar => 10 H, kg) (4 kW, Fronius)
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Existing H, based energy storage system
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Methanation process theory

200 - 300 °

C
u typically operated at temperatures at elevated temperature over

200 °C depending on the used catalyst

= fwo-step reaction mechanism
= the watergas shift reaction: CO,+H,s5CO +H,0
= formation of methane: CO +3H,5 CH, + H,0

catalyst

= pesides methane and water, also higher saturated hydrocarbons can
be found, for example ethane (the most stable C,, hydrocarbon)

=CO, + 3.5H, 5 0.5C,Hg + 2H,0

= under certain process conditions, carbon precipitation can occur
«eCO,+2H,5 C+2H,0
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Methanation unit integration
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Methanation reactor design

= Counter-current flow reactor
= upstream gas flow (catalysts)
e|length 0.6 m
e nlet gas preheating area
e catalysts volume up to 0.9 L

= thermocouples (4) for evaluation of
reaction temperature pattern

=« Reactor heat management

e methanation: exothermal reaction

e heat transfer medium: mineral oll
Marlotherm LH (380 °C)

e usable for start-up heating
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Methanation unit design

= external heat/cooling loop
e 0il circulation pump
e electric heating

= feed gas mixture preparation
=« H,/CO, ration variability

= 2 stage product gas dehydration
«4H,+CO,—>CH, +2H,0
= condensation (200 => 40 °C)
= absorption deep dehydration

= SNG composition analysis
«CH,, CO,, H,
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SUJV‘
Cxg-
= Coupling the current storage pilot plant with methanation unit

= Power-to-Gas (CH,)

e Overall process energy efficiency evaluation

= Operation at variable conditions with focus on achieving the
best SNG quality to meet a local legislative requirements for
distribution grid injection possibility
= temperature, H,/CO, ratio
e pressure limitations (Hogen S40 electrolyser output pressure: 15 bar)

u | aboratory research a development of novel sulphur resistant
catalyst

= CO, from CCS technology

= Operation of methanation unit with a variable hydrogen
production (electrolyser — PVE coupling)

Our challenges
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Laboratory tests results |

=« Reaction equilibrium pressure dependence

= NIO catalyst

c(H,) ~ 5 — 20 vol.%
¢(CO,) ~ 1.5 — 5 vol.%

100

%0

8

/‘,7\

~
o

§

8

w20 bar — 40 bar - 60 bar

/
/|

8

I

S

CH, concentration [vol. %]
8

N
o

/f/

=
o
|

[=]

100

150

200 250 300 350
Reaction temperature [°C]

BE & @®, HydrogenDays

of the Czech Republic




SNG injection legislative limitations oJv

= Czech Republic situation

= compositon requirements
e natural gases vs. biomethane (SNG?)
« CH,: >85 vol. % vs. >95 vol. %
= CO,: max. 5 vol.
eH,: ??? vs. max. 0.1 vol. %

N N
- - Limit falls to 2% if there is a

CNG station downstream

H, limits for SNG injection into gas grid

«H,0, C,,, etc.
= \\Vobbe index
=« HHV, LHV range
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Thank you for your
attention!

Lukas Polak
lukas.polak@ujv.cz
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Bilance plynarenské soustavy CR v pribé&hu roku

2015
Leden Unar Efezen Duben Kvéten  Cerven | Cervenec  Srpen Zafi Rijen Listopad Prosinec | Celkem
doCR (mi.m®) | 32848 24819 330798 33597 34735 30856| 27590 25269 28227 29731 27960 2810, 35 6816
zCR (mil.mY| -28462 22139 -29733| 27172 26605 -22077| 19627 15867 -21180| -24159 23310 -21745] -282077
Tok plynu dofz saldo dofz CR (mil. m¥) 438 6 2680 3345 642 5 813,0 8779 7063 0402 704.7 E5T 2 4650 636, 74735
plynarenskeé -
soustavy CR do CR (GWh) 349115 263917 351841| 3576298 371113 330030| 294616 270123 301501 317171 207447 298973 3803477
zCR (GWh) | 302780 -235615 -316374| -288326 -284148 -236005| -209524 169600 -226181| -25777.6 -24 8087 -231406] -300691,2
saldo dofz CR (GWh) 46335 28302 35467| 68304 BE964 93935| 850892 100523 75321 508395 48360 6756 79 6565
ze ZP (mil. m?) 63,1 730.8 531,3 40,5 0.4 0.1 03 0,0 0,3 1717 3724 292, 2 803,3
do ZP {mil. m%) 16,5 96 9,0 52,0 -406.8 5607 -503,1 6632 -350.7 318 313 21, -2 B56,4
saldo ze/do ZP {mil. m?) B46.6 7213 522 2 11,5 4064 -560.6 502 8 6632 -350.4 1401 3410 270, 1469
Tok plynu zeldo
zasobnlkd plynu, stav zasob ZP (mil. m% | 15060 7847 2625 2740 6804 12410| 17438 24070 27574 26173 22763 2005, 2 0056
které nalel do -
plyndrenské ze ZP (GWh) 70599 77815 56531 432 6 3.9 15 29 0,0 28] 18343 39805 3124, 29 877 4
tavy CR
soustavy do ZP (GWh) 4752 013 960 5540 43504 -60075| -537e3 70857 -37481| 3381 -3345 2320 -284000
saldo ze/do ZP (GWh) 58847 76801 55571 4213 43465 -60061| -53734 70857 -37453| 14963 36460 2 891, 14675
stav zasob ZP (GWh) 161588 B4786 20215 30428 73893 133054| 187688 258644 206007 281135 244674 21576, 21 576,0
Vijroba plynu v ER vEetné& VS (mil. m?) 142 133 147 14,0 143 13.0 128 126 122 12,7 124 12,24 158,4
Viyroba plynu v CR vietné VS (GWh) 154 1 144 1 158 1 1519 156.0 142 2 1393 137.8 1322 1382 1349 132 2| 17222
Bilan&ni rozdil - pohon KS, ztraty, akumulace (mil. m?) 18,1 427 6,0 221 16,2 16,0 8.1 124 13,8 479 124 15, AT1,T
Bilan&ni rozdil - pohon KS, ztraty, akumulace {GWh) 1795 1291 51,1 2349 -173.8 1623 427 1254 1469 -182,5 -126,9 -163, A 7787
Spotfeba plynuv R (mil. m% | 10813 9899 BB55 6228 404 8 314.4 2980 2772 3526 §92.1 806,0 903 7 6076
Spotfeba plynu v CR (GWh) 114928 105254 92019 66261 43321 33673| 31824 290600 37721| 73916 85900 9616 810675




