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Continuous operation for 3200 h at 250 mA cm?

TECH Advanced Materials, Volume: 36, Issue: 17, First published: 02 November 2023, DOI: (10.1002/adma.202309211)
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MEREVESI POLE AINULT VESI

m , mmol/kg C mmol/kg | Muud uhendid | C, mmol/kg

469,0 545,9 0-0,3
2 Mg2+ 52,8 SO42‘ 28,2 COZ 0,01
3 Caz+ 10,3 HCO5- 1,7 B(OH)3 0,3
4 K+ 10,2 F- 0,07
5 Sr+ 0,09 Br- 0,8
6 CO52- 0,2
7 B(OH)4" 0,1
8 OH- 0,008
TAL F. J. Millero, R. Feistel, D. G. Wright, T. . Mcdougall, Deep Sea Res., Part | 2008, 55, 50.
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REAKTSIOONID

H,O - H,+ O, E®= 123V Happeline
2CI" - ClL+ 2¢- E®= 136V

Anood or CI” + HO — HCIO + H* + 2e~

Aluseline

2H,0 — O, + 4H* + 4¢- E® = 1.23 V (acidic conditions)
Cl” + 20H™ — ClO™ + H,0 + 2e¢~

40H™ — O+ 2H,0 + 4¢~ E® = 0.40 V (alkaline conditions)
Katood
4H* + 4¢- — 2H, E® = 0.00 V (acidic conditions)

4H,0 — 2H, + 40H™ - 4¢- E®= - 0.83 V (alkaline conditions)
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KATALUSAATORI DEGRADATSIOON
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KUIDAS VALTIDA?

Advanced Materials, 36 (17), 2023, DOI:
(10.1002/adma.202309211)
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PINNASTRUKTUUR
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Xie, H., Zhao, Z., Liu, T. et al. A membrane-based seawater electrolyser for hydrogen generation. Nature 612, 673—-678 (2022). https://doi.org/10.1038/s41586-022-05379-5
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UJUVPLATVORM OOKEANIS - XINGGHUA LAHES, HIINAS

Wind turbine network

Voimsus: 6 kW,
Tootlikus: 1,2 Nm3/h H,
Puhtus: >99,9%
Katseaeg: 240 h
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Voimsus: 6 kW,

UJuVv PLATVORM Tootlikus: 1,2 Nm3/h H,
Puhtus: >99,9%

Katseaeg: 240 h
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Xie, H., Zhao, Z., Liu, T. et al. A membrane-based seawater electrolyser for hydrogen generation. Nature 612, 673—-678 (2022). https://doi.org/10.1038/s41586-022-05379-5
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Xie, H., Zhao, Z., Liu, T. et al. A membrane-based seawater electrolyser for hydrogen generation. Nature 612, 673—-678 (2022). https://doi.org/10.1038/s41586-022-05379-5



TUULIK

wind turbine

Tuuliku nimivoimsus: 10 MW

Mere sugavus: 10-20 m
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Xie, H., Zhao, Z., Liu, T. et al. A membrane-based seawater electrolyser for hydrogen generation. Nature 612, 673—-678 (2022). https://doi.org/10.1038/s41586-022-05379-5
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POORDOSMOOSI KULU JA TOOTMISMAHT
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KUS TOODETAKSE TANAPAEVAL PUHAST VETT POORDOSMOOSI

TEEL

Edward Jones, Manzoor Qadir, Michelle T.H. van Vliet,
Vladimir Smakhtin, Seong-mu Kang,

The state of desalination and brine production: A
global outlook, Science of The Total Environment,
Vol. 657, 2019, pp 1343-1356, ISSN 0048-9697,
https://doi.org/10.1016/j.scitotenv.2018.12.076.
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‘Global desalination capacity:
95.37 million m3/day

Feedwater (Q,)
Feedwater type

technology

RR = recovery ratio

Q *(1-RR)
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KAASUS RO-PEM 50 T/P H2
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TAL PEM electrolyzer system

TECH D. Peterson, J. Vickers and D. DeSantis, Hydrogen production cost from PEM electrolysis—2019, DOE Hydrogen Fuel Cells Program Record 19009, 2020.
Gulch, C. Sterling: New reverse osmosis water treatment plant online and ramping up to full production, https://coyotegulch.blog/2013/01/06/sterling-new-
reverse-osmosis-water-treatment-plant-online-and-ramping-up-to-full-production/.



EELFILTRID

= Erijuhtudel kasutatavad susinikfiltrid eemaldavad lenduvad orgaanilised
uhendid (LOU),

= kloori (poliamiid-RO membraanid ei talu) ja muud saasteained, mis
annavad veele halva maitse voi Iohna,

= settefilter eemaldab mustuse, kolloidse aine ja prahi, samas kui

= RO membraanid eemaldavad >99,8% lahustunud tahketest ainetest
(TDS).
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PEM

U 10 kg vett 1 kg vesiniku tootmiseks
U 55,44 kWh per 10 kg vett

= Voolutihedus enam kui 1-2 A/cm?

= Efektiivsus 52-69%

= Tookoormus 0-160% nominaalsest

= 50 t/p H2
= U 460 EUR/kW, millest veerandi moodustab nn “balance of plant”
= Kokku u 127,7 min EUR

= PO tehas 500 m3/p
= CAPEX ca 1,86 min EUR

= Vesiniku hind 3,83 EUR/kg koos po66rdosmoosiga
= Vesiniku hind 3,81 EUR/kg ilma p6ordosmoosita
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KULUDE JAOTUS

Energy Environ. Sci.,2021,14, 4831-4839
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(a) Energy

9.1% 0.1%

90.9%

Il Stack energy requirement
I BOP energy requirement
I SWRO energy requirement

(C) Operating costs

3.19% 1.7% 0.2%
. 0

95%

B Elcctrolyser electricity costs

I Electrolyser O&M

I Electrolyser stack replacement
SWRO operating costs

(b) Direct capital costs

10.4% 3%

15.4%

6.8% 64.4%

B Ecctrolyzer stack cost
I Electrolyzer mechanical BoP
" Electrolyzer electrical BoP
Electrolyzer installation cost
B SWRO capital costs including installation

(d) Cost of H,

8.6% 0.6%
11.2%

79.6%

Il SWRO water cost
I PEM electricity costs
1| PEM capital costs
PEM O&M + stack replacement costs+staff



Energy Environ. Sci.,2021,14, 4831-4839
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IKKA VEEL KOKKUVOTE
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Merevee elektrolllsi probleemide trilemma lahendamine pole seni
uldises plaanis onnestunud

= Paranda elektroodi aktviivsust
= Kaitse elektroodi pinda
= Paranda elektroodi pinnastruktuuri

Vahendamaks elektrolllsiks tarviliku vee kvaliteedindudeid on
seadmepohine lahenduste otsimine digustatud

Pohimotteliselt saab merevett elektrollitisida pilootskaalas
= 1,5 Nm3/h
= 250 h
= Vaja oleks u 50 tuh tundi

Po6rdosmoos ei lisa oluliselt kulutusi tehase kapitali- ja kaidukuludele
= Pohimotteline lahendus olemas, kuid tehniliselt keerukam

Hiinas 20 Nm3/h project Sinopec
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