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Erinevate energiaallikate Ragone graafikud.
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Erinevate kutuseelementide vordlus
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Elektroliitit Nafion H3PO4 N32C03-Li2CO3 ZI’OQ-Y203;
Ce;xGdOys
Tootemperatuur /°C 70-80 | 200 650-700 500...1000
Kiitus Hz Hz Hz, CO, CH4 Hz, CO, CH4, HQS
CH;0H, CsHjg,
NH;, bensiin
Eeldatav efektiivsus 30-40 |35-42 |45-60 45...90
(HHV) /%
Voimsus / kW 12.5 100 1000 10...2500
Efektiivsus / % 40 T 40 45 50...85 T
Madal Korge
temperatuur efektiivsus




Vesiniku ja bensiini energia
muundamise efektiivsuse vordlus

Vesinik Bensiin

Allikas: Vesi Allikas: Toornafta

Varud: Loputud Varud: Piiratud

Taastuv:Jah Taastuv: Ei

Susiniku jalajalg: Puudub Susiniku jalajalg: Jah

Kg hind: 1-1,85 Gallonihind: 2-3$

Tootmistehase hind: 700-3500/bpd Tootmistehase hind: 1000-5000/bpd
1kg H, kiituseelemendiga auto 1 galloni bensiiniauto

soiduulatus: 81 miili soiduulatus: 18-31 miili

Tdiendavad keskkonnamadjud: Ei Téiendavad keskkonnamaojud:Jah

Energia vajadus elektroluusil:
1kg H, 32,9 kWh_/kg (normaalrohu elektrollils)

i

1kg H, -60 kWh_ /kg (kdrgrohu elektrollilis)

el

Eeldusel, et piigivdline elekter maksab 0,035/kWh, siis:
H, hind on 1-1,85/kg. Kui 0,065/kWh, siis 2-3,6 S/kg ja see hind pole
tegelikult Gldsegi konkurentsivoimeline.

1 kg H, sisaldab sama palju energiat kui 1 gallon (3,785 liitrit) bensiini



Well-to-Wheels Greenhouse Gas Emissions
(direct emissions, based on a projected state of the technologies in 2020)
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*Net emissions from these pathways will be lower if these figures are adjusted to include:
* The displacement of emissions from grid power—generation that will occur when surplus electricity is co-produced with cellulosic ethanol
* The displacement of emissions from grid power—generation that may occur if electricity is co-produced with hydrogen in the biomass and
coal pathways, and i surplus wind power is generated in the wind-to-hydrogen pathway
+ Carbon dioxide seguestration in the biomass-to-hydrogen process

Well to wheel performance of FCVs relative to other alternatives
(Reference: U.S. DOE 2009)

California Hydrogen and Fuel Cell Vehicle Roadmap Project
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Automotive fuel cell vehicle costs (NAS 2008)

California Hydrogen and Fuel Cell Vehicle Roadmap Project




3. FCEV and HRS Deployment @Epo

Automakers' Worldwide Cooperation

Toyota = BMW Nissan = Daimler = Ford

(announced on Jan 24, 2013) (announced on Jan 28, 2013) (announced on July 2, 2013)

- Agreed on joint development of a - Agreed on joint development of - Agreed on joint development of
fundamental fuel-cell vehicle system  common fuel cell electric vehicle fuel cell system and hydrogen
aiming for next-generation in 2020. system. storage technologies, aiming for

- Launch of FCVs in 2015 - Launch of mass-production FCEVs next-generation in 2020.

in 2017 - Launch of FCVs in 2015

TOYOTA cfidipm@ €
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B Joint announcement by 13 companies including automakers and energy companies
(Jan 13, 2011)
(1) introduction of FCEV in 2015,
(2) installation of 100 hydrogen refueling stations in four major metropolitan areas
B “Japan Revitalization Strategy” (June 14, 2013)
(1) installation of 100 hydrogen refueling stations in four major metropolitan areas
(2) the world's fastest dissemination of FCVs

'

https://www.hydrogen.energy.gov/pdfs/review14/h2in_watanabe 2014 o.pdf
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SOFC power systems (hardware demonstrators, prototypes and pre-
commercial systems up to 200 kW, concepts at IMW and above)

Q. Nguyen, M.B. Mogensen, The Electrochemical Society, Interface, Vol. 22, No. 4 (2013) p. 55
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Total number of fuel cell vehicles in use (SOFC and PEFC) in Japan in fiscal years
2009 to 2016 (in 1,000s)
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The statistic shows the total number of fuel cell vehicles in use (SOFC and PEFC) in Japan
in fiscal years 2009 to 2016. In fiscal 2016, the number of fuel cell vehicles in use

amounted to approximately 195 thousand, up from about three thousand vehicles in
2009.

https://www.statista.com/statistics/749277/japan-total-number-fuel-cell-vehicles/
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Typical ranges of polarization curves for different types of state-of-the-art water
electrolysis cells. Ey, \ater aNd Eyy, sieam are the thermoneutral voltages for water and
steam electrolysis, respectively. E,, is the reversible potential for water electrolysis at

standard state.
C. Graves, S.D. Ebbesen, M. Mogensen, K. S. Lackner, Renew. & Sust. Energy Rev. 15 (2011) 1 — 23.



H,O-st on voimalik H, toota kasutades vaga erinevaid meetodeid

1) Elektrolusil

2) Keemiliselt toestatud elektroliitsil, kasutades nn kituseid (sageli C) hapnik elektroodi poolel. Selline C
lisamine vGimaldab vahendada elektrienergia kulu ja alandab H, omahinda.

3) Radioluisil (H,O kiiritamine naiteks ara kasutatud tuumareaktorite kitustega). Loodusest tuntud efekt
Louna-Aafrika kullakaevanduses

4) Termoludusil. T 2 2500 °C H20 laguneb otseselt H, ja O,-ks. T < 2500 °C on vajalikud d-metallkataltsaatorid.
5) Termokeemilised tsiklid.

a. Vaavel - iood (S-1) tsiikkel T = 950°C - saagis 50% H,, |, ja polumeriseerunud vaavel. Vaavel ja |, on
korduvalt kasutatavad.

b. Vase — kloriid-iooni tstukkel T = 530 °C, saagis 43% H,.

c. Ferrosilicon (ferrosilikooni) method (sdjavaes kasutusel, NaOH, Fe,Si;, H,0) Fe,Si; + NaOH segatakse
ballooni, hiljem lisatakse H,0. T - 200 °C ja tekib H, + H,O aur.

6) Fotobioloogiline H, tootmine. Kasutatakse erinevaid vetikaid reaktoris.

7) Fotokataluutiline H,O lagundamine, vajalikud fotokatallisaatorid (neid on vaga erinevaid ja palju).

8) Biovesiniku meetod (biomass ja orgaanilised jadtmed lagundatakse gasifitseerimisel, H,0O reformimisel,
bioloogilised ja biokatallGutilised protsessid.

9) Fermentatiivne H, tootmine (kas valguse kdes vdi ka pimedas) vetikate abil, kaudse biofotollusi abil
kasutades tsuanobaktereid, fotofermentatsiooni, anaeroobset fotoslinteesivaid baktereid ja pimedas
fermentatsiooni jne.

10) Kasutatakse rakuvaba slinteetilist enslimaatilist biotransformatsiooni rada (SyPaB) ehk gliikoosi
okstideerimist H,O kui oksUdeerijaga (2007); see reaktsioon neelab keskkonnast hajutatud soojust (2009).
Tootati valja ka tselluloosist H, tootmismeetod.

11) Biokataltittiline elektroltiUs (elektroltls mikroobide abil), mida kasutatakse mikroobkltuseelemendis.
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Figure 6: The Federal Highway Administration’s Hydrogen Refueling Map, Part of the
National Alternative Fuel and Electric Charging Network

https://energy.gov/sites/prod/files/2017/10/f37/fcto_2016_market_report.pdf
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Nikola also detailed plans for a North American network of hydrogen fueling stations
to support the Nikola One trucks. The web of stations —56 are planned initially —
will eventually balloon to 364 stations. The first stations will start construction in

January 2018 and be|n oenmg&g Iate 2019
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Hydrogen fuel for the stations will come from solar hydrogen farms owned by Nikola,
the company said. The farms are each expected to produce more than 100 megawatts
of power using electrolysis and will allow the company more pricing flexibility without
having to make long-term hedges against diesel, Milton said.
Nikola also exhibited its 107-kilowatt-hour lithium battery pack, which is designed to
give its Nikola Zero electric utility task vehicle more than 300 miles of range on a
single charge. The company said the 1,000-pound, patent-pending battery can also be
Inserted into other vehicles starting next year.
http://solarhydrogeninc.com/tag/solar-hydrogen/






http://ec.europa.eu/transport/themes/infrastructure/index_en.htm



HZNODES EVOLUTION OF THE
HYDROGEN CORRIDOR

Location of the proposed action along
the North Sea - Baltic TEN-T core
network corridor

(=) new HRS by H2Nodes
(55) additional H2Nodes activity locations &
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SUPPORTING EXTENDED PARTNERSHIP ALONG THE CORRIDOR FROM FINLAND VIA THE COUNTRIES AT THE
SOUTH SIDE OF THE BALTIC SEA TO THE NETHERLAND AND BELGIUM AT THE NORTH SEA.




Euroopa Liidu vesiniku tanklatega varustatud maanteevorgu moodustavad
praegusel hetkel (233) erinevates riikides H, tankimisjaamad. Koéige
rohkem vesiniku tanklaid on Saksamaal (41 jaama).




Norsk Hydro leeliselise elektroluudiga elekrtoluuserite
jaam (150 MW; 70 tonni H, pdevas).

Norsk Hydro 30000Nm3/h (150 MW) Uhendatud vesinik-hiidro elektrijaam komplekslahendus
Elektroliitiserid (1947-1990) Tootis 70000kg vesinikku paevas
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PEM elektroluuser,
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mis tootab 30 bar (Hz) rohu all.

GHW on valja téotatud 500 kW, 30 bar
rohul leeliselise PME (pressure module
electrolyzer) elektroltuseri

Vbimaldab vaga kiiret (sekund — minut)
koormuste vaheldumist (voib tootada 10-
120% nominaalvaartuse vahemikus)

1MW suurune moodul mahub ara alla
1 m? suurusele pinnale

1 Nm3 H, tootmiseks kulub 4 kW elektrit
(umbes 45 kW elektrit 1 kg H, tootmiseks)



Biggest 1.1 MW (Ballard) hydrogen fuel cell near
Toyota headquater in California (Los Angeles).




Methanol
a.0.

metal hydride storage

|
( | GH; | | (saasane) 1 2020080 }
mobil underground large scale  vehicle vehicle stationary/mobile/
vessel storage storage tank tank portable storage
storage seasonal seasonal  liquefied  methanol
up to storage storage hydrogen
70 MPa

Source: DLR
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5. Promotion of HRS Installation @EDQ

» Prior to market introduction of FCEVs (2015), 100 HRSs will

be installed in 4-major-populated-areas (Tokyo, Aichi, Osaka,
Fukuoka)

» METI subsidizes about 50% of HRS installation cost
(2014FY 7.2 billion JPY)

The third round for the

application to hydrogen [Osaka area]

station installation 1n 3 stations
2014 1s now under process.

[Tokyo areal]
[Fukuoka area]

16 stations
4 stations | 1 LHPF
\ o F
Status of HRSs (as of June 19 ) e WO A
Budget secured: . s
» 31 stations »‘
> 1 Large H, Production Facility S ageya ared]
8 stations 17

https://www.hydrogen.energy.gov/pdfs/review14/h2in_watanabe 2014 o.pdf



6. NEDQO’s Program @EDO
~ R&D on low cost equipment for HRS ~

-The present cost of supply equipment is 500 to 600 million yen, which is a major problem.
-The goal is to lower the cost of H, refueling stations.

-Cost reduction can be achieved by deregulation, mass production and simplification of
system components.

( Hydrogen Refueling Station ) p—
Curdle, Trailer Dispenser
i_gg-_ﬁé,‘" Hydrogen ml 7omPd
= _ , A——
LH2 (Lorry) N ﬂ ] e Cost breakdown for
N, 87.5MPa  87.5MPa - hydrogen refueling station
level level
compressor container
City gas I | Example of medium-
LPG (Lorry) '
Hydrogen produclion /
purification system il
Engineering work Civil engineering Hydrogen

cost for devices ; ‘lh'lll'kﬂlst . production Unit
Various other J

piping items

Dispenser compressor

Pressure vessel

Precooler

https://www.hydrogen.energy.gov/pdfs/review14/h2in_watanabe 2014 o.pdf



4. FCEV/Hydrogen Infrastructure Projects in @EDO
Japan ~ FCVs & FC Buses Served for JHFC3 ~

v L =

W" " Other ECVs loasailinaa

~— FCHV-adv (Toyota)

'X-TRAIL FCV (Nissan) | /

FCX CLARITY (Honda)
ANA Welcome-home Taxi Service

‘New "Kansai ~ International "ANA CHUBU AIRPORT 'Auport Transport Service
Airport Co.. Ltd. |CO., LID. Co.. Ltd.
E—— = T .

DR

- - J _ -
CHV-BUS (Toyota, Hino) FCHV-BUS (Toyota, Hino) FCHV-BUS (Toyota. Hino)
Shuttle Bus Ramp Bus Airport Limousine
HySUT 13

https://www.hydrogen.energy.gov/pdfs/review14/h2in_watanabe 2014 o.pdf



3. FCV and HRS Deployment @EDO
~ History of Japanese FCEV development ~

NISSAN
to launch 1st commercial
HONDA model ; 0 1
2015

TOYOTA / HONDA
to launch 1st commercial
model

FCX Clarity

FCHV-adv

R A

TOYOTA

https://www.hydrogen.energy.gov/pdfs/review14/h2in_watanabe 2014 o.pdf



Fuel cell cars in production

2007 - Honda FCX Clarity - hydrogen fuel cell
2014 - Hyundai ix35 FCEV [2
2015 - Toyota Mirai - production version of the FCV concept car

https://en.wikipedia.org/wiki/List_of fuel cell vehicles



Sensitivity Analysis: 5 kW PEM System Cost
(1,000 Production Volume)

System Cost ($)
$12,500 $12,750 $13,000 $13,250 $13,500 $13,750

I | I 1

EEEEEE R AR R e n w GDL Cost

[ ] DC/DC Converter, +/- 20%

MMM _aaa aaEHEH Current Density, 1.0 A/lcm2

== Membrane Thickness

Platinum Loading, 0.12 to 0.3 mg/cm2
Platinum Cost, +/- 40%, $/tr. oz.

$13,153

Figure 8-1. PEM sensitivity analysis: 5-kW system cost — 1,000 production volume

https://energy.gov/eere/fuelcells/downloads/manufacturing-cost-analysis-pem-fuel-cell-systems-5-and-10-kw-backup-power



Sensitivity Analysis: 5 kW PEM System Cost
(10,000 Production Volume)

System Cost ($)
$10,000 $10,200 $10,400 $10,600 $10,800 $11,000

| 1 ' [ I ] DC/DC Converter, +/- 20%
d Current Density, 1.0 A/cm2
T GDL Cost
C:I Membrane Thickness
; Platinum Loading, 0.12 to 0.3 mg/cm2
C:I Platinum Cost, +/- 40%, $/ir. oz.
$10,499

Figure 8-2. PEM sensitivity analysis: 5-kW system cost — 10,000 production volume

https://energy.gov/eere/fuelcells/downloads/manufacturing-cost-analysis-pem-fuel-cell-systems-5-and-10-kw-backup-power



Table 1

Input for calculation of Hy production cost

SOC stack

Investment cost

Interest rate

Depreciation time
Operation time
Demineralized water cost
Electricity price

Cell temperature

Cell voltage

H»>O utilization in the SOC stack
Energy loss in heat exchanger

2100 US$/m? cell area
6300 USS/m? cell area®
5%

10 years

5 years

2.3US$/m’

1.3 US¢kWh (3.6 USS$/GJ)
950°C

.48V

37%

5%

‘A SkW plant based on SOFC technology is predicted to cost
350-550 US$/kWe [12]. Assuming a power output of 1 W/cm? this corre-
sponds to an investment cost of 35005500 US$/m? cell area.

Sgren H. Jensen, Peter H. Larsen, Mogens Mogensen, Int. J. Hydrogen Energy 32 (2007) 3253 - 3257



