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SECTOR COUPLING - SEKTOROVE PROVAZANI
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Elektrochemické konverze v Evropé
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SECTOR COUPLING - sektoroveé provazani
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Moznosti vyuziti elektrické energie

POWER to X

H2 — Hydrogen utilization

H2 + CO, - Hydrocarbons

ELECTROCHEMISTRY

HLAVNI VYZVA: EFEKTIVNi AKUMULACE ENERGIE

https://www.tudelft.nl/en/2017/tu-delft/converting-electricity-and-storing-it-in-chemical-compounds-is-necessary-for-energy-transition/




Storage pathways
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Electro chemical versus chemical power storage effectivity
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4.4 kWh/l

1 cubic meter of liquefied power (E-Methanol) compares with 222 BMW i3

http://www.methanol.org/wp-content/uploads/2018/04/Small-Scale-Methanol-Plants-Christian-Schweitzer bse-Engineering.pdf




Metanol a jeho potencial v mobiliteé

Katedra elektrickych pohonii a trakce K 314 - CVUT Praha

VYZKUMNE CENTRUM JOSEFA BOZKA

ELEKTROMOBILY - aké¢ni radius

Prvotni nosic elektricke energie

Elektricka baterie 20kg dojezd rezim 10.15 17km
Benzin 20kg dojezd rezim 10.15 340km
Palivovy ¢lanek H,20kg dojezd rezim 10.15 540km
methanol 20kg dojezdrezim 10.15 1020km
bor-natrium 20kg dojezd rezim 10.13 ?
zinek 20kg dojezd rezim 10.15 ?
CENA
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Electric energy effective storage Basr + bse Engineering
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http://www.greencarcongress.com/2017/08/20170824-basf.html




Electric energy effective storage SIEMENS
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UMSICHT a IWES Fraunhofer :
,Germany 2030 demand 50 GW storage capacity”
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Energy Storage beyond
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Dr Timothy Hughes, Principal Scientist
Siemens Corporate Technology
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https://www.siemens.com/innovation/en/home/pictures-of-the-future/energy-and-efficiency/the-future-of-energy-wonder-fuel-hydrogen.html https://www.slideshare.net/emexlondon/energy-storage-innovation-liion-and-beyond




Electric energy effective storage VATTENFALL

Energy Storage - Technologies
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Legend
LAES; Liguid Air Energy Storage

CAES: Compressed Air Energy Storage
P2G; Power to Gas

P2F; Power to Fuel

H,; Hydrogen

CH,; Methane, synthetic natural gas
NH,;, Ammonia

Conclusion

Large scale and transportable
stored energy requires power to
gas (P2G) or fuel (P2F)

www.protonventures.com



Planované stavby velké produkce H, -100 MW !!1

HOLANDSKO -100 MW

HOLANDSKO -100 MW

NEMECKO - 100 MW + Hamburg

https://fuelcellsworks.com/news/hamburg-to-build-the-worlds-largest-hydrogen-plant-in-its-port/

https://renewablesnow.com/news/tennet-gas-grid-partners-aim-to-build-100-mw-power-to-gas-plant-in-germany-630396,
NEMECKO - 50 - 100 MW

Norsko nejvetsi vyrobce hydrolyzéru




RES VOLATILITY and HYDROGEN PRODUCTION

Zaporné ceny elektriny - Némecko 2017:

- Celkem 146 hodin
- Prlmérna zaporna cena

.................... 1,6% z celkového ¢asu

.................... minus 27 €/MWh
- Rocni produkce v zapornych cenach

......... minus 40 Mio €

1.) CEZ strategie — pfedpoklad 2030: 1 000 hodin levné energie/rok

2.) Fotovoltaika je jiz dnes nejlevnéjsSim zdrojem energie

Alkalicka elektrolyza
s tekutym bazickym
elektrolytem
(Audi e-gas)

2 MW -220V,9000A

PEM - polymerni
membranova

elektrolyza |
(Siemens SILYZER 6 MW)

Werlte Germany (AUDI e-gas)
3 elektrolyzéry (3 x 2 MW)] = 6 MW
Produkce H2 -1 300 Nm3/h (117 kg/h)

Siemens (Silyzer 300) - 6 MW
Produkce H2 - (100 —2 000 kg/h)

ﬁmp,mn planuje 50 to 100 MW

Reakéni doba - milisekundy
Platinium + vzacné kovy

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Sep/IRENA Hydrogen from renewable power 2018.pdf

https://www.cleanenergywire.org/factsheets/why-power-prices-turn-negative

Refdbek (Unor 2019)

SOC - solid Oxide Cell

SOFC solid Oxide Fuel Cell
Privod pary do elektrolyzéru

VYSOKOTEPLOTNI 700 - 1 000 °C

Y PR —

| Lnipdid 1

Sunfire—low cost 150 kW
VyuZiva odpadni par

Produkce 40 Nm3/h

Sunfire-SynLink
PFima produkce SYNGAS

Institutu DLR pro technickou termodynamiku
DLR mini-vodikova elektrarna




Pravdépodobny vyvoj ALK a PEM (IRENA)

fochnology - Ak | PEM
_ Unit 2017 2025 2017 2025

kWh of
Eficlency electricity/ 51 49 58 52

kg of H;
Efficlency (LHV) % 65 68 57 64
Lifetime stack Uparang 80 000 h 90 000 h 40 000 h 50 000 h
CAPEX - total system
cost (Incl. power supply EUR/KW 7m0 N\ 480 1200 SN\ 700
and Installation costs)

% of initial

OPEX ol 2% 2% 2% 2%
CAPEX - stack
SRS Y EUR/KW 340 215 420 210
Typical output pressure® Bar Atmospheric 15 A0 &0

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Sep/IRENA Hydrogen from renewable power 2018.pdf




Table 3.

Alkaline electrolyser

PEM electrolyser

Techno-economic characteristics of different electrolyser technologies

SOEC electrolyser

Electrical
efficiency (%,
LHV)

Operating
pressure (bar)

Operating
temperature
("C)

Stack lifetime
(operating
hours}

Load range
(%6, relative to
nominal load)

Plant

footprint
(m?/kWe)

Electnical
efficiency (%,
LHV)

CAPEX
(USD/KW,)

63-70 65-71 70-80
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UP SCALE SECTOR COUPLING - sektorové provazani
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__ Y\ Strategieplattform
dena : 6* Power to Gas

A D S S
German Energy Agency

20-30 testovacich center < 6MW

:rm (‘F;‘Puwermﬁas

i 2014 2015

http://www.powertogas.info/power-to-gas/pilotprojekte-im-ueberblick/?no_cache=1 http://www.powertogas.info/fileadmin/content/Downloads/Brosch%C3%BCren/dena PowertoGas 2015 engl.pdf




Planované stavby velké produkce H, -100 MW

A
| vouwoso-noMw
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HOLANDSKO -100 MW

HOLANDSKO -100 MW

TenneT + Gasunie +Thyssengas - projekt , Element One“ transfer vétrného parku na zeleny vodik. Produkce 2022
Dolni Sasko. (Operator elektrické sité + 2 operatori plynové soustavy)

https://renewablesnow.com/news/tennet-gas-grid-partners-aim-to-build-100-mw-power-to-gas-plant-in-germany-630396//

Amprion + Open Grid Europe (OGE) - Lower Saxony , North Rhine-Westphalia (50-100 MW)

https://www.open-grid-europe.com/cps/rde/SID-5A2B33B0-82D2398A/oge-internet/hs.xs|/NewsDetail.hntm?rdeLocaleAttr=en&newsld=6C8DBOB6-B4BF-48D3-94FA-202BEE27373E&rdeCOQ=SID-E48F26ED-9F4358C5

UK-100 MW

Norsko nejvetsi vyrobce hydrolyzéru




INSPIRATIVNI NEMECKY NARODNI PROJEKT

Kopernikus - vybudovana narodni vyzkumna platforma pro tuto oblast.

P2 X

Coordinators

' RWTH Aachen University

A Forschungszentrum Jiilich GmbH

A Dechema elV.

Other partners

7' Areva H2Gen GmbH

71 Ford Germany (in German)

KOPERNIKUS
»PROJEKTE

Die Zukunft unserer Energie

ﬂ Federal Ministry
of Education
and Research

A Oko-Institut e. V.

A1 Siemens AG

A1 Sunfire GmbH

A1 Technical University of Munich

A1 Thyssenkrupp Industrial Solutions AG

A1 TU Bergakademie Freiberg

A1 Berlin Social Science Center (WZB)

A Fraunhofer Institute for Solar Energy Systems (ISE)

7 Wuppertal Institut fir Klima, Umwelt, Energie

A Audi AG

A Fraunhofer Institute for Mechanics of Materials (IWM)

A WWEF Deutschland (in German)

A Bayerisches Zentrum fiir Angewandte Energieforschung (ZAE Bayern)

A Friedrich Alexander Universitiit Erlangen/Niirnberg

A Bund fiir Umwelt und Naturschutz Deutschland eV. (BUND) (in German)

A Greenerity GmbH

A Chemieanlagenbau Chemnitz GmbH (in German)

7 Helmholtz-Zentrum Berlin

A Clariant AG

2 Heraeus GmbH

A Climeworks AG

A Hydrogenious Technologies GmbH

A Covestro AG

A IneraTec - Innovative Reactor Technology

A Dechema Forschungsinstitut

A Institute for Energy and Environmental Research (ifeu)

A German Institute for Econemic Research (DIW)

A Karlsruhe Institute of Technology

A German Aerospace Center

A Leibniz Institute for Catalysis (LiKAT)

A1 ERC Additiv GmbH

A Linde AG

A Evonik Creavis GmbH

A Ludwig-Maximilians-Universitit Minchen

https://www.kopernikus-projekte.de/en/projects/power2x

A Center for Solar Energy and Hydrogen Research Baden-Wiirttemberg (ZSW)

Associate Partners

A Arge-Netz GmbH & Co. KG (in German)

71 BASF SE

A Chemieanlagenbau Chemnitz GmbH

A GETEC green energy AG

A1 GETEC heat & power AG

A Innogy SE

21 OMV Refining & Marketing GmbH

/1 Shell Global Solutions GmbH

1 Volkswagen AG

e T https://www.kopernikus-projekte.de/en/home




CZECH BIOFUELS TECHNOLOGY PLATFORM

BIOFUELS

Thank you for your attention

Leos Gal
The head of Steering Committee
Czech Biofuels Technology Platform

leos.gal@seznam.cz
00420-736505012




BELGIE PROJEKT Power to Metanol
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https://newsroom.portofantwerp.com/new-milestone-in-sustainable-methanol-production-in-the-port-of-antwerp#




