-+ Vodik jako primarni
zdroj energie pro
elektromobily
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Vodik — ,palivo budoucnost

m Sloucenim vodiku s kyslikem dojde
k uvolnéni energie, odpadem je voda

m Vodik neni palivo, ale medium pro ukladani
energie

= Vodik je nutno vyrobit se znacnymi
pozadavky na energii (zejména tepelnou
Ci elektrickou)

m Fyzikalni a chemicke vlastnosti vodiku
vyvolavaji znacne technologické komplikace
pri jeho pouziti




Fyzikalni vlastnosti vodiku

ve srovnani s jinymi palivy

fuel

speciiic energy (kWhkg | :I

energy density (kWh dm ™)

lguid hydrogen
hydrogen {200 bar |
lguid natural gas
natnral gas (200 bar)
petral

diesel

col

LiBH,

methano!

Wi

electricity (Liion battery)

)
)

237
{5
0.0
2.3
Y.
HRF
7.0
L
L4
il
1G4




Vodikove hospodarstvi

+

= Vyroba vodiku
m Transport vodiku

m Ukladani vodiku

m Pouziti vodiku jako zdroje energie pro
dopravni prostredky

a Ucinnost vodikového pohonu
a predpokladané trendy




Vodikové hospodarstvi
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Zakladni zpusoby vyroby
vodiku

+

s Reforming uhlovodikll pomoci vodni
pary (zemni plyn, vodni plyn atd.)
m Metoda , kvaerner®

m Elektrolyza (vysokoteplotni elektrolyza)

m Rozklad vody ve vysokoteplotnich
jadernych reaktorech

m Fotolyza vody, fermentacni procesy
atd.




Soucasnéeé zpusoby

produkce vodiku

Biomass gasfication

Biomass pyrolysis

Electrolysis || 4%

Coal gasicaton 18%
Steam reforming (or partial - :
ap v ] 0%
oxdation) of ot products
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Cenove relace
z hlediska vyroby H,

Fuel Prices for 100km

Petrol (untaxed)
Biogas
Ethanol

LH2 from solar central

LH2 from off-shore wind

CH2 from off-shore wind

CH2 from coal

LH2 from NG central

CH2 from NG on-site

CH2 from NG central

- 3
US$/100km




Skladovani a transport
vodiku

+

m Stlaceny vodik v plynném stavu
(350 — 700 bar)

m Zkapalnény vodik (- 252,9 9 C)

m Chemicky vazany vodik
ve slouceninach, ze kterych se
uvoliuje zahratim (hydridy kovd,
komplexni hydridy)




Porovnani zplisobli
ukladani vodiku

Objem pot febny na kg vodiku




Nazorné porovnani potrebného

objemu pro ulozeni 4 kg vodiku

(d) (h)

MeH,  MgNiHy  Hyliquid)  Hy (200 bar)
52.6 kg I113ke  4ke 4ke




Porovnani volumetrické
a gravimetricke kapacity
pro ruzneé zpusoby ukladani

OVolumetric Capacity (kWh/L)

) ) 0.8
0,000 pei gas —1-5 | Gravimetric Capacly (KWhika)




Cenove relace

Z hlediska ukladani H2

Chemical Hydndes

Complex Hydndes 16

Liquid H2 6

10,000 psi gas 18

5,000 psi gas




Moznosti vodikove

infrastruktury
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Transport
stlaceného vodiku

Nutnost pfevazet obrovskou hmotnost tlakovych nadob
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Trailer vezouci Trailer pro 6200 m3 vodiku
2000—3000 m3 vodiku ( uziteény naklad
pouze 540 kg vodiku)




Transport kapalného
vodiku T———
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+Nadrz automobilu™ vyuzivajici
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Tlakové nadoby
z kompozitnich materiali

+
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Ocelove tlakove nadoby na 875 bar vychazeji 3 x tézsi




Vyroba nadrzi a potrubi
z kompozitnich materiali

Barrier Tube —___
Protective Layer —_ o
Interface Layer —__

High-Strength Fibers in
Epoxy Matrix Binder ———

Vyroba potrubi z kompozit O |t

Outer Pressure Barrier
Layer

Protective Layer —

Struktura potrubi z kompozit U




Plnici stanice se zasobnikem
na kapalny vodik
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Plnici stanice s vlastni vyrobou
pomoci elektrolyzeru

350 bar station 700 bar station

electrolyser

* 875 bar

compressor
438 bar

compressor
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CNG hydrogen storage hydrogen storage
compressor
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Plnici stanice
s vyrobnou vodiku
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Bezpecnost vodiku

Z 97 lidi na palubé
62 prezilo




Bezpecnost vodiku
IELCIENNE

+

m Vodik je diky své malé
specifické hmotnosti bezpecnéjsi
nez uhlovodikova paliva

N

m Vodik nevytvari
saze (ohrozeni
dychacich cest)




Uéinnost p¥i pouziti plynného vodiku
jako paliva pro palivovy clanek

+

30% ztraty pri elektrolyze (0,7)
10% ztraty pri stlacovani (0,1)
13% ztraty pri distribuci a transportu vodiku (0,13)

50% ztraty v palivovém clanku pri konverzi na
elektrickou energii (0,5)

10% parazitni ztraty u palivového clanku (0,1)
10% ztraty v menici a pohonu

Vysledek n = 22%




Uéinnost p¥i pouziti kapalného vodiku
jako paliva pro palivovy clanek

+

30% ztraty pri elektrolyze (0,7)
35% ztraty pri zkapalnéni (0,65)
7% ztraty pri distribuci a pInéni (0,93)

50% ztraty v palivovém clanku pri konverzi na
elektrickou energii (0,5)

10% parazitni ztraty u palivového clanku (0,9)
10% ztraty v menici a pohonu (0,9)
Vysledek n =17 %




Pro porovnani

+

m Soucasny automobil s dieselovym
motorem n = 25 %

m Moznosti dieselového pohonu
mN=33%
a Cisté elektricky pohon n = 65 %




Uéinnost pfimého elektrického pohonu
a elektrického pohonu
zprostredkovaného vodikem
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Electricity Transport

Renewable
Source

Consumer

by electrons

by hydrogen

RS

/
fuelcell [ 1]

packaged

renewable AC electricity

DC electricity
hydrogen gas
transported
transferred

gaseous hydrogen
liquid hydrogen




Porovnan

rtiznych typu pohonu

FyF 7 nm

1 Ucinnosti

Energy Options: Diesel vs. Electricity for Cars

Diesel
84 MJ/100 km

off refinery

Electricity for

5% of energy
for transport
and handling

Diesel
25% tank-to-wheel
80 MJ/H100 km
(2.5 LA100 km)

!

batteries
30 MJ/M100 km (electricity) I—b

12% of energy
for transmission.
AC/DC conversion

Battery-Electric
80% plug-to-wheel
25 MJ/M100 km

Electricity for
H. by electrolysis

| 25 MJr100 km (electricity) |

+ 63 MJ/M100 km (electricity)

| = 88 MJ/100 km total |

Results for ,areen” electricity
Factor 2 higher for power rmix

Ulf Bossel — October 2005

50% of energy

for liguefaction

transport and
handling

I

Electrolyzer
(25% losses)

0.4 kg/100 km
Liquid H,

4

+ 3.6 kg/100 km
of clean water

- €78

20 MJ/100 km

I

H,-Fuel Cell
40% tank-to-wheel
50 MJ/A00 km
(0.4 kg LH,/100 km)

Electric cars
far superior to
Diesel or hydrogen
fuel cell vehicles




Porovnani ucinnosti
elektrickeého pohonu

Renewable AC electricity |
100 kWh Electricity

| | 2
AC-DC conversion AC via grid

(955%) et

85 KWh trans‘;ﬁn;l c)\:}s‘;smm
— 80 KWh

Electrolysis
{75%)

AC-DC conversion
and
battery charging

(85%)
77 K\Wh

Fuel cell

z? if-h ' Electric vehicle

I , I _ with

Fuel cell vehicle Fuel cell vehicle regenerative braking
Q% W% (905}

23 kWh 19 KWh 69 kWh




Rozlozeni plnicich stanic
v zapadni Evropé




Skandinavska , vodikova dalnice"

Scandlnawan Hydlogen nghway Partnership

andinavianl 1y irogen.org

Danmark
vww.hydrogenlink.net




Plnici stanice pro vodik v Kalifornii

for Califarnia's Hydrogen Highways

Map Contamts rom Enargy Independas o N © i v imd g s oo i

Hydrogen Fuel Staions (count)*
- [ . L £ 23

EUERMA
. @ Planned Stations (13)

planned hydrogen Sta
the South Coast Air O ¢
District (SCAQMD) and Fuel Calls

v avary 20 mil along
¥ corridors throughout
California
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Vodik jako zasobnik energie
v odlehlych krajinac

Wind Power Control and
Electrolysis Container

3 x 48 W solar panels 77z
for additional battery 1 ey
charging U

Distilled water tank =—{—— | -

for the electrolysis - the top riser




U nas...

Neratovice

Ostrava




Priklad na zaver

Energy Options for a Jumbo Jet

Kerosene

6.3TJ 5% of energy
for transport
and handling

6 TJ
Kerosene
130 tons
160 m?

off refinery

+ 225 m?
. . of clean water

H, by NG reforming ¥
Liquid H,
Refomer 50 tons
(15% losses) - 715 m2

| + 24 TJ (electricity) |"~ 275 tons CO, l
=93 TJtotal \
40% of enengy 6TJ
for liguefaction Liquid H,

H, by electrolysis transport and 50 tons
handling T15 me@

| 6.9 TJ (100 tons NG) |t

| 2.4 TJ (electricity) |—

] Heavy duty and long distance
transport by land, air and sea

\ Electrolyzer will be powered by
=59 TJ toial (25% losses) nihe last drops of oil*

Y or hydrocarbon biofuels

Results for .green” electricity ~ + 450 m@
Factor 2 higher for power mix = of clean water

U Bomsel — Orhober 2005

| + 7.5 TJ (electricity) |._|




Priklad na zaver

+

Letisteé Frankfurt 520 letadel/den z toho 50 jumbo
Jumbo tankuje 130t kerosinu

Prevedeno na vodik 50t kapalného H, / jumbo
Celkem 2500t kapalného nebo 36 000 m3 plyn. H,
Pro vyrobu elektrolysou 22500 m3 vody a 8GWh
Pro obslouzeni dalsich letadel 20 GWh + 54 000 m3
54 000m3 H,0/24 hod ... prltok 21m3/s

Pritok Otavy v Pisku ¢i Berounky v Plzni




