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Note: figures do not sum to 100.0 % due to rounding.
Source: Eurostat (online data code: nrg_100a)
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28, 2015 (%25 of total, based on_tonnes_of oil equivalent) YB17.png



Carbon Dioxide Emissions
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Fig. 2. Emission statistic of carbon dioxide statistics in different sectors [2].

TabbiWilberforceet al., Int. J.HdrogenEnergy4?2 (2017) 256925734


https://www.sciencedirect.com/topics/chemistry/carbon-dioxide
https://www.sciencedirect.com/science/article/pii/S036031991732791X#bib2

Euroopagaliikmesriikpeab2030. aastaksdhendamaneitme kogust
vastavaltsuhteliselgdoukusele(vorreldes 2005. aasta emissiooniga).

http://lwww.err.ee/638486/raskeltsundinudkliimaleppedeuroopapuuabrohkemsidudaja-
vahemheita



2016. aastal Eestis 13,9% koguenergiast tuuleenerg
1,17 TWh st installeeritudvoimsus282W inimese kohta

Which countries have most wind power per capita (2015)
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Figure 1: Performance of EU Member States’ innovation systems
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-#-ELi 2020. aasta paketi
jargne siht: 20 %
viahenemine vorreldes
1990. aastaga

A ELi2030. aasta eesmaérk:
vahemalt 40 %
vahenemine vorreldes
1990. aastaga
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Fic. 1. lllustrative schematic of H,@5Scale energy system.

B.Pivovay N.Rustagi S.Satyapalinterface Vol. 27, No. 1, Spring 20pP. 47; Toodetaks&0 miljonittonni aastas



Wind and solarenergystorage
and generationcomplex

“ _ E Estonia
= total:1.9GW
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http://www.google.ee/imgres?imgurl=http://cdn.pouted.com/wp-content/uploads/2013/04/ws_Windmills.jpg&imgrefurl=http://www.pouted.com/the-simplest-methods-to-slash-your-power-bill-by-earth4energy/&h=1200&w=1600&sz=337&tbnid=NHcvuoq2DKic0M:&tbnh=90&tbnw=120&zoom=1&usg=__MAyQ7mnL4HhmTBPPpaZHEUpM6Zc=&docid=tRvFGh9cTXkjJM&sa=X&ei=oBVlUsTUD8KRtAbU_IHAAg&ved=0CFgQ9QEwBA

Eestis taastuvenergiad 2014. aastal

1 24,8% kokku
13,2% taastuvatest (tuul)
0,24% transport
Tuuleenergia 302,7 MW
Biomass 86,45 MW
Elektri vaiketootmine 3,31 MW

Eleringiandmed:
52% Biomass
40% Tuul

Soltumatute elektri tootjate investeeringud : 606M
Eesti Energia investeeringud 15% M

NB! Tuuleenergia kasv vahenddb?2 NR LJlekfrikhlladjdudsalt




Energiamuundurite kasuteguri olenevus nimivoimsusest
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T. Risthein, Sissejuhatus energiatehnikasse, Kirj. Elektriajam, Tallinn, 2007.



Erinevate energiaallikate Ragone graafikud.
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ASElcogenlkW SOFC

Alustatud koostdos TU keemia
instituudiga 2001. aastal

(patendid USA 2005, EL 2005, Vene
F6d.2006, jne).

Horizon2020FuelCellsand
HydrogenJointUndertaken (FCHU
II) ekspertide andmetel on tegemist
kdige kdrgema energiatihedusega
SOFC sisteemiga, mida toodetakse
ELs
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Sketch of a synthetic fuel production system based on a heat exchanger reactor
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Diagram of co-electrolysis of CO,
and H,O in a solid oxide cell, as

CO air capture
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20% > Oy + 4€”

Dense electrolyte (YSZ)
Conducts O% ions
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2H20 + 4e"—2H2 +20% and
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(reverse) water-gas shift

Catalytic Gasoline, C. Graves et al. / Solid State
conversion diesel, etc. lonics 192 (2011) 398i 403.



Erinevate klUtustegravimeetrilisedja
ruumalalised energiatihedused.
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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: 2-3S

Tootmistehase hind: 700-3500/bpd Tootmistehase hind: 1000-5000/bpd
1kg H, kutuseelemendiga auto 1 gallonibensiiniauto

soiduulatus: 81miili soiduulatus: 18-31 miili

Taiendavad keskkonnamojud: Ei Tdiendavad keskkonnamojud:Jah

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

e

1kg H, 60 kWh,,/kg (korgrohu elektroltis)

g

Eeldusel, et piigivaline elekter maksab 0,03S/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 konkurentsivGimeline.

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



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

1) Elektroltdsil

2) Keemiliselt toestatud elektrolttsil, kasutades nn kituseid (sageli C) hapnik elektroodi poolel. Sellin
lisamine vGimaldab vahendada elektrienergia kulu ja alandaintéhinda.

3) Radioluiusi(H,0O kiiritamine naiteks ara kasutatud tuumareaktorite kitustega). Loodusest tuntud efek
LounaAafrika kullakaevanduses

4)¢ SN 2 f NN & ACtHZO laguneb oisgsaitjd O-1 & @ ¢ °C¥n vajplikud tnetallkataliisaatorid.
5) Termokeemilised tstiklid.

a. Vaavetliood (Sl) tsikkel T=950 TIb a | | 3 &ja polimgrisedrunud vaavel. Vaavel jan
korduvalt kasutatavad.

b. Vase; kloriid-iooni tsuikkel T = 53%C, saagis 43%,H

c. Ferrosilicon(ferrosilikooni)method (sGjavaes kasutuséMaOH FgSk, H,0O) FgSi + NaOHsegatakse
ballooni, hiljem lisataksed ® ¢ ThjawekikH+ HO aur.

6) Fotobioloogiline Htootmine. Kasutatakse erinevaid vetikaid reaktoris.

7) FotokataluitilineH,0 lagundamine, vajalikud fotokataltisaatorid (neid on vaga erinevaid ja palju).

8) Biovesiniku meetod (biomass ja orgaanilised jaatmed lagundatakse gasifitseerig@etfétfmimisel,
bioloogilised jebiokataltitilisedorotsessid.

9) FermentatiivneH, tootmine (kas valguse kaes voi ka pimedas) vetikate abil, kaudse biofotoltusi abil
kasutadegstianobaktereid fotofermentatsiooni, anaeroobset fotoslinteesivaid baktereid ja pimedas
fermentatsiooni jne.

10) Kasutatakse rakuvaba siinteetilestsiimaatilisbiotransformatsiooni radaSyPaBehk gliikoosi
oksudeerimist KO kui okstideerijaga (2007); see reaktsioon neelab keskkonnast hajutatud soojust (20
Tootati valja ka tselluloosistbotmismeetod.

11) Biokataltitilineelektroltils élektroltiismikroobide abil), mida kasutatakse mikroobkituseelemendis



Electrolvser

Different types
type Electrolyte / Membrane Electrodes / Catalysers global reaction
Aleali KOH/NIO, IMET™ (Inorganic Membrane Electrolysis | Anode : Ni, Fer / Ni alloys, metal oxides | Anode - 4HO"y =0y +2H;0p, + 4 ¢
Alcatine Tech) Cathode : steel + Ni / Ni-Co Cathode: 4H,0y, = 4" = 2Hyy, + 4HO',
. . i ) , , . & Anode : Graphite-PTFE — T1/ RuQy. Ir0D; | Anode :6H,0 5, = Oy —4H3D_,_1] +4e
Acid PEM | Sclid, proton exchange polvmer membrane (Nafion™) Cathode - Graphite + Pt / Pt Cathode: 45,0 + 4e = 4Hay ~ 4H:0p,
_ _ : . - a) Cathode: 2H:Oyg — 4e” = 20y + IHyy
High temp. |a) Zirconia ceramics (0.91Zr0,-0.09Y,0;) Anode : ceramics (Mn, La, Cr) /Ni Anode 1 20,= Ouy+4¢
steam b) Zirconia oxide ceramics : . b) Ancde : 2H,0= 4H + Oy +4e
Cathode : Zr & N ts / CeQ =l
atege RS e Cathode: 4H + 4 & = 2Hy,

Principle of operation

:ﬂl‘.‘ﬂ].l]lf' EIE‘I:'TI olvser:

PEM elecirolvser :

Hizh temperature elecirolyvser :

) Cn Hai H:(}
A . i | | i
= i \ o H' /
Mawdirans polpnira aciids b /
Flrctroie H \ i}
-q—|— Hi i H: ] )
. i
{ * = (& L
) :; |
- ; : Elertralyie Elecialvie
Anade Eww-«w Cirthode . S a) thcw o e syper b) P onedciin prnia i
AN AT Ha
Technical data
type THIIPE']'HTII.II‘E' of Pressure of operation | Electric consumption Energy Efficiency Life duration State of
- operation ; : development
Alcaline 530-100°C 3-30bars 4.5 KWh/ Nm’ of H; - 90 % 15 - 20 vears marketed
PEM 80 - 100 °C 1- 70 bars 6 k'Wh / Nm® of H; 50 - 90 % ll}l:}lm}i];?;;m development
High temp. steam BOD - 1000 =C 7 3-3.5kWh/Nm® of H; 80 -90 % 7 research
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Typical ranges of polarization curves for different types of stdtthe-art water
electrolysis cellsgy, . ANA By, seam @re thethermoneutralvoltages for water and
steam electrolysis, respectively,, is the reversible potential for water electrolysis &

standard state.
C Graves, D. Ebbesen M. Mogensen, K S. LacknerRenew& Sust Energy Rew5 (2011 1 ¢ 23.



ElektrolUtserikasutatavus elektrienergia kiireks salvestamiseks

Vesinik

Hapnik
— "

H,O + Elekter & H, + %20,
Ideaalsel juhul: 39 kWh elektrienergiat =1 kg H,

e PEM elektroliilserid reageerivad vaga kiiresti voolu kdikumistele - seega
voimaldavad voimsuste juhtimist

e Iga kuupmeetri vesiniku tootmisel toodetakse ka pool kuupmeetrit hapnikku

e Toodetavad H, ja O, on vaga suure puhtusega ja sobivad kltuseelementides
kasutamiseks
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Fig. 4. Hydrogen delivery pathways. Source: [55].

S.CampinesRomeroet al., Energyl48 (2018) 1013031.



Vesiniku sailitamise voimalused.

" mine
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Kutuseelemendid
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Erinevate kutuseelementide vordlus

Poliimeerelektroliitit Fosforhappe Sulakarbonaat Tahkeoksiidne
Kiituseelement kiituseelement kiituseelement kiituseelement
PEt‘C PAB}C MCEC SOk‘C
Elektroliiiit Nafion H3PO4 NﬂzCOyLizCOg Zl’Oz-YzO3;
Ce1xGdiOs5
Todtemperatuur /°C 70-80 200 650-700 500...1000
Kiitus Hz Hz Hz, CO, CH4 Hz, CO, CH4, HQS
CH:OH, C;H,
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 1
Madal Korge
HETI DL efektiivsus




SOFC power systems (hardware demonstrators, prototypes and |
commercial systems up to 200 kW, concepts at 1MW and above

2
b L
w [

x IE 78
i I l e~
w, 10W | .ﬁ 10kW 100kW uglw 10MW 100MW
‘ } ‘ ; ’ e X
[ l‘

Q.Nguyen M.B.Mogensen TheElectrochemicabocietyInterface Vol 22, No. 4 (2013) p. 55



Total number of fuel cell vehicles in use (SOFC and PEFC) in Japan in fiscal years
2009 to 2016 (in 1,000s)

250

200 194.71

150

100
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50

2.55

0
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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
20009.

https://www.statista.com/statistics/749277/japaiotal-numberfuel-cellvehicles/



Vehicle
Hybridization

Vehicle

Fig. 4. Various classifications of a vehicle [2].

TabbiWilberforceet al., Int. J.HdrogenEnergy4?2 (2017) 256925734


https://www.sciencedirect.com/science/article/pii/S036031991732791X#bib2

Kasvuhoonegaaside emissioon transpordis eri ktuste kor
kogu tarneahela kohta (nt. alates toornafta pumpamisest
puurkaevust kuni tarbimisent).

Erinevate kituste kasvuhoonegaaside emissioonid

Bensiin [T o
Maagaas NEEET] siscpclemismootoriga
Bensiin |INENET) sdidukid
Diise! | INENET
Bioetanool (mais) — E85 m
Bioetanool (tselluloos)— E85

Bensiin [T
Bioetanool (tselluloos)— E85 m
2]

H, maagaasist
H, s6e reformimisest
H, biomassist
H, tuumajaama korg.temp. elektroliisist m
H, elektrollits elektrituulikutest

Hibriid elektriautod

Pistik-Hubriid elektriautod

Kiutuseelement elektriautod

T T T T
100 200 300 400
Grammi CO, ekvivalenti miili kohta

*Emissioonid on vaiksemad kui sisse arvestada ka:

- kasvuhoonegaaside vahenemine kui bioetanooli tootmisel toodetakse ka elektrit tldvorku

- kasvuhoonegaaside vahenemine kui vesiniku tootmisel biomassist voi reformimisel toodetakse ka elektrit
uldvorku

- CO, sidumine biomassist vesiniku tootmise protsessi

Allikas: U.S. DOE 2009



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: 2-3S

Tootmistehase hind: 700-3500/bpd Tootmistehase hind: 1000-5000/bpd
1kg H, kutuseelemendiga auto 1 gallonibensiiniauto

soiduulatus: 81miili soiduulatus: 18-31 miili

Taiendavad keskkonnamojud: Ei Tdiendavad keskkonnamojud:Jah

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

e

1kg H, 60 kWh,,/kg (korgrohu elektroltis)

g

Eeldusel, et piigivaline elekter maksab 0,03S/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 konkurentsivGimeline.

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



Euroopa komisjoni ja European Transport
Arena (13-20 aprill , Viin) eesmargid!
A Vvahendada CO2 tootmist 50-60 % aastaks 2050. a;

A Liikuda sisiniku vaba transpordi ja tddstuse suunas:

A 1. Vahendada fosiilkiitusete (susinikusisaldavate) osakaalu
maismaa transpordis 60-80 % vorra (2050. a) ( 2030. a 25 -35 %).
2.Vahendad meretranspordi CO2 heitmeid 50-70% .CO2, SOx,
NOx, VOC ja susiniku jt. nanoosakesed koguda kokku juba
laevadel.

A 3. Vahendada raudteetranspordi CO2 heitmeid 80-90%, alustada
tlejagdnud CO2, NOx , SOx ning VOC ja slsiniku hanoos. kogumist.
4. Lennunduses vahendada susiniku heitmeid 30-50 % . Votta
kasutusele vesinik ja patareid!

A 5.Tootada vilja logistilised lahendused raudtee- ja meretranspordi
Interneti pohiseks ajasaastlikuks opereerimiseks.

A 6. Luua logistika maantee ja raudteetranspordi tihildamiseks.

A 7.L6petada diiselmootoritega autode tootmine 2030.a ja
bensiinimootoritega autode (ka veoautod) tootmine 2040-2050 . a

(kaasarvatud etanoolil, looduslikul ja biogaasil to6tavad , biodiisel
nitha ohiihicelt varemt!)



Euroopa komisjoni ja European Transport
Arena (13-20 aprill , Viin) eesmargid!

A Keelata vananenud tehnoloogia alusel toodetud diisel ja bensiini
mootoritega autode sGitmine megacity keskustes ja muudes
tiheasustuse piirkondades kas kohe voi hiljemalt 2020. a (diisel) ja
2025 a . bensiin)

A Koostada ja v6tta kasutusele logistilised lahendused linnatranspordi
arendamiseks.Uhitada linna ( metroo) ja linnalahedase transpordi
graafikud.

A Viia thiskondlik transport tile vesinikule ja elektri- ( vBrgud, patareid,
superkondensaatorid) toitele;

A Soodustada nn asumipdhist planeerimist (lisaks elamisele ka
tookohad, koolid , lasteaiad, kauplused) ja valtida supermarketite
edasist linnas véaljaviimist (vOi Uhendada need elektritranspordiga)

A Soodustada ineterneti tookohtade loomist ja hajutada superbiirood
asumitesse;

A Soodustada jalgratta ja jalgsi liikumist luues turvakoridorid. Kui vaja,
siis muuta motoriseeritud uhisliikluse skeeme!



shown in Figure 3 as 0% renewable natural gas delivers a 53% reduction over the 2017
gasoline baseline and a 17% reduction from the gasoline hybrid.

200
B Upstream (fuel production pathway emissions)

B Exhaust (vehicle emissions)
250

200

150

100

Emissions (gCO, e/km)

50

Baseline Baseline 100%
2017 hybrid renewable |renewable |renewable | renewable | renewable |renewable
Gasoline Electrolysis hydrogen Natural gas reformed hydrogen

Figure 3. Hydrogen fuel cell vehicle CO,e versus conventional and hybrid gasoline vehicles.

https://www.theicct.org/sites/default/files/publications/Hydrogeinfrastructurestatusupdate_ICCbriefing_04102017_vF.pdf
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Figure 2. Fuel economy of fuel cell vehicles and similar gasoline vehicle models.
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Fig. 6. Energy Storage System weight and volumes for various energy carriers [46].

TabbiWilberforceet al., Int. J.HdrogenEnergy?2 (2017) 256925734


https://www.sciencedirect.com/science/article/pii/S036031991732791X#bib46
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Fig. 5. Distribution of capital costs on the HRS capacity.

S.CampinesRomeroet al., Energyl48 (2018) 1018031.
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Figure 2. Qualitative investment needs for establishing a BEV

recharging infrastructure vs a hydrogen refueling infrastructure
for FCEVs.

U.Blngeret al., Chem. Ing. Tech. 2018, 90 , Ng21113126
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SALES BY MARKET . Renault
2000 Korea 3% M Toyota
’ \\ B Hyundai
B Honda
b Europe
S 1,500 14%
=
[
>
= California
b 48%
] 1.000 Japan
T 35%
500
0
2012 2013 2014 2015 2016 2017
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Figure 1. Fuel cell vehicle deployments for 2012 through mid-2017, by company and locale.

https://www.theicct.org/sites/default/files/publications/Hydrogeimfrastructurestatusupdate_ICCGbriefing_04102017_vF.pdf



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 ol
y ]

-0 0

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/reviewl4/h2in_watanabe 2014 o.pdf
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£ 120000 1 55140 Dlgt}lca)r | ZEV Reg Phase 4:
5] : ’ (—[| 25.000 veh’s in CA
$ 100000
S ' 55,000FCVs
= 80000 ¢ (30,000in CA) | )
S 50000 4 $75,000/car 2,000,000 FCVs
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Q 4 L
= 40000 305,000ECV; ./\/$30,000/car
9 - 130,000 in CA =
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0 | |
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Automotive fuel cell vehicle costs (NAS 2008)

California Hydrogen and Fuel Cell Vehicle Roadmap Project

2030


http://pubs.its.ucdavis.edu/download_pdf.php?id=1371
http://pubs.its.ucdavis.edu/download_pdf.php?id=1371
http://pubs.its.ucdavis.edu/download_pdf.php?id=1371
http://pubs.its.ucdavis.edu/download_pdf.php?id=1371




Table 1. Selection of 2015-2017 fuel cell heavy-duty truck and bus projects

FedEx, Plug Power, Workhorse Group Tennessee, California 2016
Urban CTE, UPS, University of Texas, Hydrogenics, Valance California 2015 17
delivery gcania, Asko Norway 2016 3
Renault Trucks, French Post Office France 2015 1
1(:5:.‘5‘: I?nc;nl?;?\?e{;gitg?reéxlé.ss. Hybrid, Richardson I O 2015 3
?r:::ykage Hydrogenics, Siemens, Total Transportation Services Los Angeles & Long Beach, California 2015 1
Toyota Los Angeles & Long Beach, California 2017 1
SCAQMD, CTE, TransPower, U.S. Hybrid, Hydrogenics Los Angeles & Long Beach, California 2015 6
AC Transit ZEBA Demo, UTC Power, Van Hool Oakland, California 2017 13
Proterra/Hydrogenics Flint, Michigan 2017 1
American Fuel Cell Bus, SunLine, BAE, El Dorado, Ballard Thousand Palms, California 2017 3
Authority, BAE, Ballard, El Dorade T Fiint, Michigan 207 1
American Fuel Cell Bus, Nuvera, MBTA Boston, Massachusetts 2017 1
gLnEe'rch;rl\al:;e'lE'ngr?éz Orange County Transit Authority, Orange County, California 2017 1
érfgi.?:;.:uel Cell Bus, SARTA, BAE, Ballard, El Dorado, Colignbus & Carton Ohlo 2017 1
= American Fuel Cell Bus, UC Irvine, BAE, Ballard, El Dorado Irvine, California 2017 1
Aberdeen, High Vlo City, HyTransit, Hydrogenics Aberdeen, United Kingdom 2017 10
Mercedes-Benz, PostBus Switzerland Aargau, Switzerland 2017 5
Mercedes-Benz, Hamburger Hochbahn Hamburg, Germany 2017 4
Mercedes-Benz, Societa Autobus Servizi d’Area Bolzano, Italy 2017 5
Mercedes-Benz, Milan Milan, Italy 2017 3
Mercedes-Benz, Stuttgarter StraBenbahnen Stuttgart, Germany 2017 4
Mercedes-Benz, Karlsruhe Institute of Technology Karlsruhe, Germany 2017 2
Tokyo Metropolitan Government, Toyota Tokyo, Japan 2017 1

https://www.theicct.org

Sources: International Council on Clean Transportation; National Renewable Energy Laboratory; NuCellSys



6. NEDO’s Program

~ R&D on low cost equipment for HRS ~

oo

system components.

-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

( Hydrogen Refueling Station ) —

Curdle, Trailer. Dispenser
i 8T
Hydrogen : 3 - 7 OMP4
LH2 (Lorry) ey ™ 4 |.-|;]‘
[F— % 87.5MPa  87.5MPa i g
level level
compressor container
City gas ) |
(Pipeline ) I | | -40 degC Pre-cooler
E ailH!

LPG (Lorry)

Hydrogen preduction /

purification system

Engineering work
cost for devices

Various other
piping items

Dispenser

Precooler

Cost breakdown for

hydrogen refueling station

Example of medium-
scale on-site costs

- Civil engineering Hydrogen

work cost production Unit

compressor

Pressure vessel

https://www.hydrogen.energy.gov/pdfs/reviewl4/h2in_watanabe 2014 o.pdf
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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 8 56 are planned initially & will
eventually balloon to 364 stations. The first stations will start construction in January
2018 and begin opening in late 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 yeatr.

http://solarhydrogeninc.com/tag/solahydrogen/



Euroopa Liidu vesiniku tanklatega varustatud maanteevorgu mooduste
praegusel hetkel (233) erinevates riikides tankimisjaamad. Koige
rohkem vesiniku tanklaid on Saksamaal (41 jaama).
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Figure 3 HRS deployment plan in Germany

http://publications.jrc.ec.europa.eu/repository/pitstream/JRC LU3586/4%20INT%2UWO0rkShop%e200Nn% 20N 2% 20intra%2utnalyeZUgeroniine.
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CONNECTING
EUROPE

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

) 0s
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{:} additional H2Nodes activity locations ...
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5. Promotion of HRS Installation @Epo

» 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 in 3 stations

2014 is now under process. [Tokyo area]

[Fukuoka area] - | 16 stations
4 stations 1 LHPF
+ ~
Status of HRSs (as of June 19t) < N
Budget secured: 4
» 31 stations
> 1 Large H, Production Facility [Negoyarayea]
8 stations 47

https://www.hydrogen.energy.gov/pdfs/reviewl4/h2in_watanabe 2014 o.pdf



TABLE I. Program and Power System Development Objectives.

Metric Current Status 2020 Target 2030 Target
System Cost ~$12.000/kWe $6.000/kWe $900/kWe
SOFC Power Degradation Rate ~1.0%/1.000h 0.5 - 1.0%/1.000h 0.2%/1.000h
Cell Manufacturing Approach Batch Semi-Continuous Continuous
Demonstration Scale 50 kWe & 200 kWe POC 1 -5MWe DG, 10 — 50 MWe

Systems — Intended Initial
Operations Completed

Integrated Systems

400 kWe Prototype
System — Design of First
System in Process

250 kWe — 500 kWe
Prototype Systems
Two additional needed

Integrated Systems
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_ 12,000 -

< o) S
4\ T % &

¥ 10,000 % " o

— f - - 0 O

S S % % =

“g 8,000 &% %; .0

b » 2 0

o P 5]

2 =

s 6,000 =

< 0

g- Q

E 4,000

7]

o}

%

-

v

2010 2015 2020 2025

Large-Scale Manufacturing

Nth of a Kind DG

2030 2035 2040

Figure 3. Projected SOFC DG System Cost Reduction via SOFC Program Progress and

Large-Scale Manufacturing Implementation.

S.DVoraet al.,, ECSrans 78 (2017) 3.9



2014 US$ per kWh

95% conf interval whole industry
95% conf interval market leaders
Publications, reports and journals +
News items with expert statements @
Log fit of news, reports, and journals: 12 + 6% decline
Additional cost estimates without clear method X
Market leader, Nissan Motors, Leaf @
Market leader, Tesla Motors, ModelS O
Other battery electric vehicles @
Log fit of market leaders only: 8 + 8% decline
Log fit of all estimates: 14 + 6% decline
Future costs estimated in publications A
<US$150 per kWh goal for commercialization

&
A

2010

Graph 1. The cost evolution of vehicle batteries.

\ o T - T

2020

P P— Y " e Y T Y T

2025 2030

Source: Nature Climate Change 5, 329-332 (2015)

https://ec.europa.eu/energy/sites/ener/files/documents/swd2017 61 document_travail _service partl v6.pdf



Figure 12 « Electric car stock and publicly available EVSE outlets, by country and type of charger, 2016

Electric car stock Publicly available slow chargers Publicly available fast chargers
2 million 212 000 outlets 110 000 outlets

vt

B China

¥ lapan

» United States

B United Kingdom
Germany

» France

B Norway

® Netherlands

B Canada

4

Sources: IEA analysis based on EVI country submissions, complemented by EAFO (2017a).

B Others

Key point: Electric cars still outnumber public charging stations by more than six to one, indicating that most drivers
rely primarily on private charging stations. Publicly available EVSE shares are not evenly distributed across markets.
This is consistent with the early stage of electric car deployment.

https://www.iea.org/publications/freepublications/publication/GlobalEVOutlook2017.pdf



Top-selling light-duty plug-in electrified vehicle global markets
(cumulative sales through December 2016 by country/region)

China

645,708

Europe 637,552

United States 570,187

Japan 147,488

Norway 135,276

The Netherlands 113,636

France 108,065

United Kingdom

L

91,627

Germany

I

74,754

100,000 200,000 300,000 400,000 500,000 600,000

http://www.hybridcars.com/theworld-just-boughtits-two-millionth-plug-in-car/



Plug-in Sales

Top-15 Countries 2017 January-September

000s
0 10 20 30 40 so % Change

Norway ; | 0 +29%
Germany [ M_ +106%
UK I [ !i | 5 +17%

France +20%
Sweden h +39%
Belgium “ +55%
Netherlands 2 -20%
Austria b 2016 Jan-Sep +44%
Switzerland +28%

. ® Growth to 2017 YTD

Spain (2] +66%

ltaly W Losses +57%
Portugal +104%
Iceland A +268%
Finland +103%
Ukraine EVV?LUMES.OOM +304%

http://www.ev -volumes.com/



The Future of Electric Charging Stations Projected in 4 Simple Maps

Imagacy £2017 NASA, TerraMatrics | Termm of Use

Next stage: 96 to 239 fast-charging stations depending on station spacing

https://energy.gov/eere/articles/futureelectricchargingstationsprojected-4-simplemaps
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6. NEDO’s Program

~ R&D on low cost equipment for HRS ~

oo

system components.

-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

( Hydrogen Refueling Station ) —

Curdle, Trailer. Dispenser
i 8T
Hydrogen : 3 - 7 OMP4
LH2 (Lorry) ey ™ 4 |.-|;]‘
[F— % 87.5MPa  87.5MPa i g
level level
compressor container
City gas ) |
(Pipeline ) I | | -40 degC Pre-cooler
E ailH!

LPG (Lorry)

Hydrogen preduction /

purification system

Engineering work
cost for devices

Various other
piping items

Dispenser

Precooler

Cost breakdown for

hydrogen refueling station

Example of medium-
scale on-site costs

- Civil engineering Hydrogen

work cost production Unit

compressor

Pressure vessel

https://www.hydrogen.energy.gov/pdfs/reviewl4/h2in_watanabe 2014 o.pdf



100%renewableenergyfor 139 nationsdetailedin Stanfordreport

100% IN 139 COUNTRIES

Transition to 100% wind, water, and solar (WWS) for all purposes
(electricity, transportation, heating/cooling, industry)

Residential Commercial/govt
& _ rooftop solar rooftop solar &%
14.89% 11.58%
..... Solar plant PROJECTED Wave energy ’
T 21.36% ENERGY MIX 0.58%
Concentrated & b A Geothermal energy :
W solar plant 0.67% \
9.72%
T @nhorewind Hydroelectric 6
9, 4%
23.52% | |

: Tidal turbine
< T oo &
JOBS CREATED 52 MILLION
JOBS LOST 27.7 MILLION

Using WWS electricity for everything, instead of burning fuel, and
improving energy efficiency means you need much less energy.

2050 Demand with 2050 Demand with
business as usual | | Wind, Water, Sun

42 5% !
] vy | £ Lﬁi

https://c1cleantechnicacorwpengine.netd nass‘.com/fiIeé’/‘2017/08710€Tenewableenergy
139-countries.png




Optimaalne ja moodukas elektrivorgu laienduse kava Euroopas

Optimaalne vorgustikulaiendus Modereeritud vorgustiku laiendus

2 1056w
<0506W
< T50W
< 450W
< 150w

00 Upgrade

+ 228,000 km 2050.aastaks +111,000 2050.aastaks

(+76% vorreldes 2010. aastaga) (+37% vorreldses 2010. aastaga)



Tanan tahelepanu eest!



Biggest 1.1 MW (Ballard) hydrogen fuel cell near
Toyota headquater in California_ps Angeles).
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Norsk Hydro

Uhe mooduli véimsus: 2085,5 kW/h
Elektriline kasutegur 70.. .80

Bi-polar design — compact and space-saving

Hydrogen Technologies's bi-polar, filterpress,
ashestos-free electrolyser cell design
provides you with a safe, compact, fully
integrated operating unit with minimum space
requirements.

Cwur largest single electrolyser module
includes an electrolyte (lye) circulation system

and generates 485 Mm= fhr Hydrogen. The
pre-assembled skid frame requires only 4 x 13,5 meters of floor area, inclusive of

senvice and maintenance requirements.

Low energy consumption — 4,3 kWh/Nm?

%,

S » |

1



Vesiniku tootmiskulud kuluartiklite jargi

H> tootmiskulud

2100 US$/m? raku pindala
6300 USS/m? raku pindala®
5 aastat

2.3 L--'SS/m3

.3 US¢kWh (3.6 USS/GJ)

SOEL tootmine
Investeerimis kulud

Tootmis aeg
Demineraliseeritud vee maksumus

Elektri hind

Raku temperatuur 950°C

Raku pinge | 48V

H2O utiliseerimine SOELis 37%
5%

Energia kadu soojuse illekandes

2a5kW suurune tehas SOEL tehnoloogias l&heb maksmé&EB0S$/kWe
Eeldades, et SOEL voimsus on 1WA eaame investeerimiskuluks 358800 US$/mraku

pindala kohta.



3. FCV and HRS Deployment /(:N\EDO
~ History of Japanese FCEV development ~

NISSAN
to launch 1st commercial
HoNpa ~ Mode! ;0 1
20185

TOYOTA / HONDA
to launch 15t commercial
model

FCHV-adv

sont

TOYOTA

https://www.hydrogen.energy.gov/pdfs/reviewl4/h2in_watanabe 2014 o.pdf



Fuelcell carsin production

2007- HondaFCXClarity- hydrogenfuel cell
2014- Hyundaiix35 FCE¥
2015- ToyotaMirai - productionversionof the FC\tonceptcar

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


https://en.wikipedia.org/wiki/Honda_FCX_Clarity
https://en.wikipedia.org/wiki/Honda_FCX_Clarity
https://en.wikipedia.org/wiki/Honda_FCX_Clarity
https://en.wikipedia.org/wiki/Honda_FCX_Clarity
https://en.wikipedia.org/wiki/Hyundai_ix35_FCEV
https://en.wikipedia.org/wiki/Hyundai_ix35_FCEV
https://en.wikipedia.org/wiki/Hyundai_ix35_FCEV
https://en.wikipedia.org/wiki/List_of_fuel_cell_vehicles#cite_note-2
https://en.wikipedia.org/wiki/Toyota_Mirai
https://en.wikipedia.org/wiki/Toyota_Mirai
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