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Plan prezentacyi

® Dlaczego energetyka wodorowa

* ARtualne Zrodta energii

® Woddr jako nosnik (magazyn) energii
* Wodor w samochodach

* Energetyka wodorowa w USA

* Energetyka wodorowa w Japonii

* Energetyka wodorowa w UE

* Energetyka wodorowa w Polsce



Juliusz Verne (1828 — 1905)

W powiesci , Tajemnicza wyspa” (1874)

Inzynier Cyrus Smith:

,Wierze, Ze pewnego dnia wodor i tlen, z
Rtorych zbudowana jest woda, uzyte razem
[ub osobno dadzq niewyczerpane Zrodto
ciepta i Swiatfa”




Prof. Bohdan Staliriski

W ksigzce , Wodor i wodorki”
wydanej w 1987 roku:

* Czysty wodor, w tym takze wodor otrzymywany
z wodorkow jest niewqtpliwie paliwem
przysztosci, szerszego jego zastosowania
spodziewac sig nalezy prawdopodobnie dopiero w

XXT wieku.



Ekonomia wodorowa

® Ograniczone zasoby ropy naftowej i gazu
Zlemnego oraz wzrost zapotrzebowania na
energie zmusza nas do poszuRiwania nowych
Zrodef energii:
*  Odnawialne Zrodta energii
*  FEnergia jadrowa

*  Wodér (16% atomowych w sRorupie
ziemsKiej)



Zuzycie ropy naftowej

Resource Depletion for Petroleum - 'The End of Cheap Oil’
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Sources: BP Statistical Review, Forecast: Petroconsultants



Dlaczego energetyka wodorowa

Molekuta wodoru faczqc sig z moleRutq tlenu oddaje 242 RJ/mol H,0 energii i
tworzy wode tzn. mamy duzo energii i produkt ,eRologiczny” czyli wode.

Dwa sposoby: spalanie i ogniwo paliwowe

Tlenu gazowego mamy pod dostatRiem ale musimy wytwarzaé wodor gazowy i
tu jest problem - techniczny i eRonomiczny.

Dlaczego interesujemy sie wodorem jako Zrodtem energii — bo jest to realna
perspeRtywa po wyczerpaniu si¢ z£0Z gazu i ropy

Wodor nie jest Zrodtem pierwotnym, ale nosnikiem — magazynem energii,
dlatego nie nalezy go traktowac jako Ronkurencyjny dla energii jadrowej

Moze byé najlepszym Zrodtem energii dla transportu gdy zabraknie benzymny
Atrakcyjng i tanig perspekRtywq wytwarzania wodoru w Polsce jest zgazowanie
wegla.



Why Hydrogen?

Biomass

Hydro

Wind

Solar
Geothermal

Coal with
carbon
sequestration

MNatural Gas™

*Transition only

HIGH
EFFICIENCY &
RELIABILITY

ZERO/NEAR
ZERO
EMISSIONS

Transportation

Distributed
Generation

Source; DOE Hydregen Program, 5. Chalk et al

* Multiple domestic resources
* Non toxic
* Water vapor emissions

* Decouple carbon emissions
from tailpipe

* Flexibility (transportation,
stationary, portable)

* Efficiency of fuel cells

* Highest energy density by wt
of all known fuels

* Alternatives?
Nothing's perfect. Issues:

* Energy carrier, not
source

* Production, storage,
delivery, safety, etc.



Energia z wodoru

Whkorzystujac RaZde z tych Zrodet energii moZna uzyskac wodor, ale
tanie] jest uzyskiwac z nich energig bezposrednio (ciepto, spalanie,
energia eleRtryczna)

Problem — energia eleRtryczna musi by¢ natychmiast zuzyta, a nasze
potrzeby zalezq od pory dnia i sposobu uZytkowania — stacjonarmy
i do poruszania sig.

Najlepsza metoda uzyskiwania wodoru - eleRtroliza ale poniewaZ
uzyskujemy energie przez reakcje odwrotng, jest to proces
nieoptacalny, chyba ze:

Do elektrolizy uZzywamy energii stonecznej, jadrowej lub ze Zrodef
odnawialnych (ub geo-termalnych i wyRorzystujemy wodor do
magazynowania energii np. dla celow transportowych czy teZ
zaspoRojenia zapotrzebowania szczytowego (jak elektrownie
szczytowo-pompoie)



EnergetyRa wodorowa

® WdroZenie energetyRi wodorowej napotyka na istotne
problemy 1 trudnosci, a w szczegolnosci:

" opracowanie metod taniego uzyskiwania
wodoru,

" znalezienie sposobow i materiatow do
bezpiecznego i taniego magazynowania oraz
transportu wodoru

" opracowanie silnika, ogniwa paliwowego
[ub baterii o jak najwyzszej sprawnosci
i odpowiednio taniego.



Magazynowanie wodoru

* W zaleZnosci od zastosowar potrzebujemy:
— Zbiorniki stacjonarne
— Zbiorniki do srodkgw transportu
o0 duzym gabarycie (np. cysterny, autobusy)
do samochodéw osobowych

— Mate zbiorniki dla przenosnych urzqdzeti
eleRtrycznych zasilanych ogniwami paliwowymi
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Wymogi dotyczace zbiornikow na wodor dla

samochodow osobowych
Mozliwos¢ zmagazynowania 5 — 7 kg wodoru pozwalajaca
przejecha¢ 500 — 700 km
Mata objetos¢ zbiornika (maks. ~200 1)
Jak najlzejsze
Niskie cisnmenie pracy (~25 atm)
Niska temperatura pracy maks. ~80°C
Mate ciepto wydzielane przy tadowaniu/roztadowaniu
Duza gestos¢ wodoru w stosunku do masy catego zbiornika
Wytrzymatos¢ mechaniczna
Bezpieczenstwo
Krotki czas tadowania ~ 5 min
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Onjetosc zrnagazynowsanzasgo wodoru

4 kg wodoru 3 1 benzyny / 100 km = 0.3 kWh / km

Mg,FeH, LaNiH, H, (liquid) H, (200 bar)

Ref.: Louis Schlapbach & Andreas Zuttel, NATURE | VOL 414 | 15 NOVEMBER 2001 | pp. 353-358



Budowa samochodu napedzanego wodorem
FCX firmy HONDA

Superkondensator

Silnik elektryczny

Zbiornik wodoru

Osuszacz Ogniwo paliwowe
powietrza

Chtodnica Pompa powietrza



Samochody ze zbiornikami na ciekty 1 gazowy

wodor
HydroGen3 liquid HydroGen3 compressed 700

.

F | Top Speed: 160 km/h
Power Fuel Cells: 94 KW

® Fuel: 46kgLH, ® Fuel: 3.1 kg CH,
at 700 bar (10,000 psi)
® Range (EDC): 400 km ® Range (EDC): 270 km

EDC — European Driving Cycle



Energetyka wodorowa w USA

Departament Energii USA realizuje od lat program wdrazania
energetyki wodorowej

Gtownym celem jest zastosowanie wodoru jako paliwa w
samochodach

Prezydent USA w roku 2004 zainicjowat program ,Paliwo
wodorowe”, na Rtory przeznaczono 1.2 miliarda USD na 5 lat

Przemyst jest przygotowany do produkcji wodoru dla potrzeb
energetycznych i transportowych

Przemyst ma opracowane ogniwa paliwowe i samochody na wodor

Gtownym problemem jest dystrybucja i magazynowanie wodoru w
samochodach oraz obnizenie Rosztow do poziomu opfacalnosci



Hydrogen Economy Timeline

Strong Government Strong Industry Transitional
R&D Role Commercialization Role Phases

I. Technology
Phasef—————J---=====+=cemeaa-- Development
s RD&D ) Phase

llllllllllllllllllll

A Commercialization Declalon

Il. Initial Market
Phl?":‘e Transliten to the Markatplace I Penetration
Phase

Phlf:ie Expanzlon of Marksis and Infrastructure | ][] lll. Infrastructure

Investment
Phase

Pr-:‘:;ae I Realization of the Hydrogen &%W
IV. Fully Developed

| | | = Market and
LY Infrastructure
§ ] g Phase

0002
QLOZ fm

Production ($2-$3/gge)

Focus now: critical path Storage (3 kWh/kg, 2.7
barriers for commercialization —> KWh/1,$2/kWh)

decision in 2015. Fuel cells ($30/kW, 5000 hrs)

5. Depariment of Enengy

Za zgoda Pani Sunity Satyapal DOE



Where will the hydrogen come from?

Approximate amounts needed for 20% demand of 64 M tons/yr (2040)

Consumption
Needed with Hz
Carbon Neutral | ¢y s Availability ST Production
Resource Consumption (factor times
current)
Reforming and/or Partial Oxidation® (million metric tons per year)
800 (biomass residue and 200 (2 quads for
140-280 waste) + heat, power &
Biomass 300 (dedicated crops®) electricity) 1.72.4
) 115,000 {recoverable 1000 million (all
Coal (with 10 bituminous coal) grades) 1.1
sequestration) :
Water Electrolysis® (gigawatts of electricity)
Wind 200 3250 4 51
Southwest Us: 2,300 . .
Solar 260 kWhim>-year <1 »260 times
current
Nuclear 80 345,000 metric tons © 100 1.8
Thermo-Chemical (zigawatts thermal energy)
Nuclear 110 345,000 metric tons ® 3107 1.3

Current H, production (M tons/yr): ~ 9 (U.S.) and ~ 50 (global)

oo Hdeonen Sosture Blan s hudoogen sner ooyl

Za zgoda Pani Sunity Satyapal DOE




U.S. National Hydrogen Storage Project:

Centers of Excellence

Independent Projects

Lid od =

‘ Testing & Analysis

Cross Cutting

:

Metﬂl ]'I:'fd ride:g T

Chemical Hydrogen Storage

Carbon-Based Materials

Basic
Science?

New materials/processes
for on-board storage

Compressed/Cryogenic
& Hybrid approaches

Off-board
storage systems?

Coordinated by XOE Energy Efficiency and Renewable Energy, Office of Hydrogen, Fuel Cells and Infrastructure Technologies

Basic science for I'I':?r
Coordinated with Celivery pragram element

drogen storage conducted through DOE Office of Science, Basic Energy Sciences

Grand Challenge applied R&D planned at $150M/5 yrs (subject to appropriations)
Total (2008). ~ 40 universities, 15 companies, 10 federal laboratories

U.5. Departrment of Energy

Za zgoda Pani Sunity Satyapal DOE




Hydrogen Storage: Challenges & Targets

Challenge: How to store hydrogen on-board to meet performance
(wt, vol, kinetics, etc.) , safety and cost requirements and enable >
300 mile range, without compromising passenger/cargo space.

Targets: Developed through fr¢edomd:

F"E Fartnership
These 2010 2015
Are
System [ System Gravimetric Capacity= 2.0 kWh/kg 3.0 kWh/kg
Targets | Specific Energy (net) (7.2 MJikg) (10.8 MJ/kg)
(6 Wt%) (9 wt%)
lj System Volumetric 1.5 KWh/L 2.7 KWh/L
Material | capacity=Energy Density (net) (5.4 MJIL) (9.7 MJIL)
capacities (0.045 kgiL) (0.081 kgiL)
”;,'-‘Erf '-‘"f Storage system cost $4/kWh $2/kWh
il (~$133/kg H,) ($67/kg H,)
Explanations at www.eere.energy.gov/hydrogenandfuelcells/ U.5. Depariment of Energy

Za 7goda Pani Sunity Satyapal DOE



Storage System Volume Comparison...
Where we are, where we need to be

CHEMICAL COMPLEX LiQuID Compressed Compressed GASOLINE
HYDRIDES HYDRIDES H2 10,000psi 5,000psi ~ 20 GAL

Fuel Cell Wehicle- Photo from wenw.cafcpoorg

Sunita Satyapal DOE




3 seconds

+ Fuel leak simulation

— hydrogen on left
— gasoline on right

— equivalent energy
release

1 minute




DOE Hydrogen Storage Budget

DOE- EERE DOE- Office of Science
FY2007 Budget Request = $34.6M FY2007 Budget Request = $50.0M*
FY2006 Funding = $26.6M FY2006 Funding = $32.5M"

30.0

29.9

26.6

25,04
20.04
M$
15.04
10,04
£.0
0.0 2006 2007
2004 2005 2006 2007
[ Carbon-based Materials H Metal H‘jl'dl'idES * For Basic Science within the Hydrogen Fuel Initiative,
O Chemiess H'_f{:l rogen Smrage 0 Com pressedf‘l’ar‘l ks including hydrogen storage, membranes, catalysts, ete.
B New Materials & Concepts W Test/Analysis/Support Planned funding for Basic Science in
B Budget Request Hydrogen Storage in FY06: $7.13M

LS. Cepartrment of Energy

Za zgoda Pani Sunity Satyapal DOE



= =
—, -

Japan

South
Korea

China

ontinued Support of International Collaboration
International Partnership for the Hydrogen Economy

Russian

-

ralia -
| "=

Federation L g:;fand A

|IPHE Partners’ Economy: nited SN

*Qver $35 Trillion in GDP, Kingdom Z
85% of world GDP

* Nearly 3.5 billion people France

*Qver 75% of electricity used
worldwide; Germany

*> 2/3s of CO, emissions and
energy consumption Italy

European
Norway Commission

L E:R Ciepartment of Energy

Za zgoda Pani Sunity Satyapal DOE




EnergetyRa wodorowa w Japonii

Prospect of Energy demand and supply in 2030

It contains global issues of politics, economy, resources,
energy, population, environment, etc.

Population of Japan decreases dramatically from 2006.

Energy demands of Japan will reach the maximum around
2021.

Fuel cell and hydrogen technology will be developed.
Targets in 2030
15 million Fuel Cell vehicles on road
8,900 Hydrogen refueling stations
Stationary Fuel Cells 12.5 million kKW

@ ' d[g Gordon Fesearch Conference, Hydrogen -metal Svstarns 12 July 2005




Who initiated the Project on Fuel cell & Hydrogen?

ANRE, METI (Government)

“Policy Study Group for Fuel Cell Commercialization”
(PSGFCC) was established in Dec. 1999.

Cooperation

Industries

“Fuel Cell Commercialization Conference of Japan”
(FCCJ) was established in Mar. 2001.

 Examinations, Discussions, and Suggestions
on the commercialization and widespread use of fuel cells.

Program on Polymer Electrolyte Fuel Cells
and Hydrogen Energy Utilization Technology
(Aug. 2001) ->New Energy R&D Program

/f The Japanese big projects on FC & H, was launched.
= il




(f'_““\
Fuel Cell Commercialization and Diffusion Scenario ("EP©

1: Now to 2005 (Basic R&D and technology demonstration stage) |

- Drawing up FC R&D Strategy and its Implementation

- Soft-infrastructure/Codes & Standards (Millennium project)
[ ] - Demonstration
[

2: 2005 to 2010 (Introduction stage)

- Acceleration of the Introduction
and Gradual Establishment of Fuel Supply System

- Leadership of Public Sectors as well as FC Industries in
Promotion of FCV and Buses

3: After 2010 (Diffusion stage)

| | - Establishment of Fuel Supply System
/ and Self-sustained Growth of the Market
\ - Private Sector’s Promotion of the Introduction

Vo
vy

Forecast of Fuel Cell Introduction

2010 FY 2020 FY 2030 FY
FCV 50,000 vehicles 5,000,000 15,000,000
Stationary FC 2.2 million kW 10 million 12.5 million




R,D&D Formation of Fuel Cell & Hydrogen in Japan

ANRE (Agency of Natural Resources and Energy) =~PSGFCC= FCCJ

I _—
rveronment | NEDO  (New Energy and Industrial Technology \

Development \

Development Organization) -I
Research & Development on Fuel Cells and Hydrogen
Establishment of Codes, Regulations and Standards

Demonstration

NEF (New Energy Foundation)
Field test of Stationary Fuel Cell Systems (~FY2005)

[JHFC (Japan Hydrogen and Fuel Cell Demonstration Prmject}

JARI (Japan Automobile Research Institute)
= Demonstration of FCV Driving
Data Collection and Analysis on FCV

ENAA (Engineering Advancement Association of Japan) :
Demonstration of Hg Infrastructure 5 )




FC/Hydrogen Energy Utilization Projects in NEDO

Projects

92 95| 96| 97| 98

ool oo| 01

05

Research and Development
of Polymer Electrolyte Fuel
Cell Systeims

Research and Developiment
of Polyrner Electrohyte Fuel
Cell

L

Developiment of Polymer
Blectrotyte Fuel Cell Systems

Research and Developiment of
NMobile Polymmer Blectrolyte Fuel Cell

Research and Developiment of
Polyimer Blectrolyte Fuel Cell
Systenmes with LPG

New Projects

Establishrment of Basis for
Diffusion of PEFC Systems

Hydrogen Energy Wilization
Technology

WE-NET 1

| WE-NET

 —
| | |
I [.\Te
— |

w H2

-

Devedopment of [Viclten

Phase I

Pi

Fuel Cell Technology

b
o )’

Research ancl Development of
Solidl Cedde Fus] Cell

e

mse 111 |
FPhas= IIT

|
[ 1

]

x

Research and Developiment on
Li-ion Batteries for FOVs

L__

g /5

Gordon Fesearch Conference, Hydrogen -metal Svstzms 14 Tuly 2003

1
@EDD_ -




Budget Trend for Fuel Cells & H, R&D

ﬁl‘?E DO

Billion Yen
Categories 2000 2001 2002 2003 2004 2005
PEFC 3.10 5.82 5.50 5.58 5.08 6.18
MCFC 2.10 2.32 1.80 1.88 1.66 | ===---
SOFC 0.40 0.71 1.50 1.72 2.67 3.29
Codes & Standards 2.11 2.79 3.10 3.89 2.42 3.58
H, Safety & Utilization | 1.667 2.70% 2.90% 4.55 6.35 4.10
Demo. (PEFC H,) | ====== | ====-- 2.50 3.84 2.94 4.34
FC&H, Total’ 9.37 14.3 22.0 30.7 32.9 35.4

*

-

Other related projects are included.

WE-NET Project

1 billion Yen = 9 million US$

3




Overview of Hydrogen Storage R&D: Funding
Budget for Fuel Cell and H, Details of FY2005 (Billion JPY)

Billion JPY 35 9354 Other Projects &
/lmE SOFC
9%

30.7
22.0
1l1.7 Codes &

10%

| H2 Safety &
L Utilization 12%

Standards
Scenario 3%
Advanced Jechnology a%

International —
Programs Hydrogen Storage
1% Material & System
35% (1.1BYens)
Infrastructure
31%

Hydrogen Storage 9%

Production —__(Compressed, Liquid)
g " ﬂ!§ Gordon Fesearch Conference, Hydrogen -metal Svstems 14 Tuly 2003 05




Overview of Hydrogen Storage RD&D: Targets & Timeline
Timeline for Hydrogen Storage (PSGFCC/ANRE/METI)

2004 2010 2020
2.2 massY =—) 6 Mass Y ——) 9 Mass%
Metal Hydrides Advanced Hydrogen

Inorganic/Organic Hydrnides Storage matenal
Advanced Storage System

NEDO Targets (2007) for Hydrogen Storage Materials

<Hydrogen Storage Material for On-Board Storage>
Hydrogen Density : 5.5 mass% below 423K
Durability : 90% of initial capacity after 2000 cycles

<Hydrogen Storage Material for Stationary Storage>
Hydrogen Density : 3 mass% below 373K
Durability : 90% of initial capacity after 5000 cycles

—




Future Prospects (NEDO)

Prospects for Materials (METI) : 6 mass% (2010), 9 mass% (2020)

-

Prospects at 2010

X . Better
Metallic Materials Durability / | On-Board Storage
3 mass%-class o “Hyhrid Tank"
2 mass-class (Commercialized)
- ot
Over 5mass%-class r”;.ani?t}i Stationary Storage
\_ PEAR o\® | Fuel Tank for Micro Fuel Cell

Inorganic & Complex Materials
Potential over 5 mass%

g &
L8/
X
. " - HHH"‘-\-\
Organic Materials Efficient .
s : icient . Media for Hz
Concept for efficient desorption ehydrogenation Delivery

Carbonaceous Materials
Potential over 1 mass% at RT
pr =

P bl festate s couieTence, Hydrogen -metal Svstems 12 Fuly 2003
—" mi . - -




A Wind-Solar-Hydrogen-FC
| Hybrid System
/ by a METI (Ministry of
. | Economy, Trade and
" Industry) Project, Japan
in 2004.
| - Nasu-Denki-Tekko Co Ltd.
. - Tokai University
- Tokyo Metropolitan
Government
1. A Windmill (1kW)

2. Solar cells (1kW)
3. S.P.E (2.2kW)

L]

R e e -4 -~ 4. pressure gauge
[ 5 MH tank (0.9kg nano-FeTi < 3)

6. reservoir
7. Fuel cells (850W)

H.Uchida et al, Proc. Int. Hydrogen Energy
Congress & Exhibition IHEC2005, Istanbul,

Turkey, 13-15 July 2005, pp.41-44.




An Example in
City Saijo

A METI PTOJECT2002
Conventional

[Waste Heat of Plants, Incinerators etc)

Qutput inte Environment

<

Hydriding -30C~+5C
(exotheric reaction) Refrigerator,
Hydrogen ‘“"F—-"-;? Freezer
to |
TERERR Y Dehydriding and
(endothermic reaction) Air Conditioner etc
s \

Waste Heat Utility

50 % at 276 K

45 % at 253 K

(€2 % at 293 K Dy a long heat ransport)
7

[Ground Water, River, Sea etc)




F-CLASS <-30°C67 m
C-CLASS 0~5°C 67 m
Smx5mx 3.3 m(H) x 2 FREEZERS
METI PROJECT 2002




HUGE EFFECT IN
ENERGY CONSERVATION
& CO2 REDUCTION

-30 °C COOLING CAPACITY 7500 kcal/h
<MH FREEZER> <CFC GAS FREEZER>

DRIVING GAS H2 R22 (Freon
gas)

ENERGY
CONSUMPTION 2.39 kW (< —) 8 kW
ENERGY CONSERVATION 70% 2!

CO2 EMMISION 8.4 tons-CO2/y < 28 tons-CO2/y

H.Uchida et al, Proc.6th Int.Conf. on New Energy Systems and Conversion (NESC2003),
"Dvl9-13’znn3, BUEH.“, “ﬂrea, p‘p-ad-an-




Energetyka wodorowa w UE

* Projekt HYPOGEN (2004 —2015) 1.3 mld €
* Projekt HYCOM (2004 —2015) 1.5 mld €
® Do tej pory wydano fgcznie 0.5 mld € (bez nas)

* W7 PR do dyspozycji na lata 2007 —2012
1.5 mld €



European Roadmap for Hvdrogen and Fuel-Cells 2050

direct HZ produciion from renswablas; .
de-carbonised H2 socisty Hydrogen-oriented
economy

Incraasing de-carbonisabion of H2 production;

ranewables, fossil fusl with saquestrafion, mew nucaar 2040 2050
*‘ﬁ} i ﬁﬁw
i /5& in aviation;

&&

Emﬂ Fusl cells become dominant
technology in transport, in

distribuied powsr genaration,

and in micro-applications

widespread H2 pipeline infrastructure 2030 .,DFP 4;;"-'

§° ¢

Interconmecdion of local H2 distibufion grids; / Q@ .ﬁb &-ﬁ:"
significant H2 produciion from renewsbles, ind Q‘Pﬁp 1
Biomiass gasification 2020
"‘eﬁﬁ )
-q-.rn

HZ producad from fossil fusls with C sequestration

Clusters of local H2 distnbulion gnids;
Local clusters of H, filling stations 3‘ @Pff

H, transport by road, and local H2 2{11[]

production at refuslling stafion (raforming
and alecirolysis}
H,, produced by reforming natural gas ﬂ":ﬁ
and alectrolysis @‘f
&€ ff < fﬁ‘@

H,, prime fuzl choice for FC vehicles

Significant growth in distributed power generation
wilh substantial penatration of FCs

2 generation on-boand sioragea (long-range)

EDED Low-cost high temperature fuel cell systems;
FC=s commercial im micro-applications
FC wehicles competifive for passenger cars
SOFC systems atmospheric and hybeid cormmercial {(<10MW)
First H2 fleets (1% genaration H2 storaga)
"‘._J-.D-Iﬂ Seres production of FC wehicles for fleats (direct H2 and an-board refarming)
and other transport (boats ), FC for audliary powsr units(ing. refomert ((ﬁ

Siationary low termperaturs fuel call systems (PEM) (<300 é@
Stalionary high-ismperatura fuel cells systerms (MCFC/SOFC) (<500KW): n_'r'i
H2 ICEdevaloped; Demaonsirafion fleeis of FC-buses '({}’

economy Stationary kow lemperature fusl call sysiems for
2000 richs commercial {=50kWY) {:.":-' 06‘\@'@5?




Kilometers
Hours

Autobusy na wodor
30 w Europie

Stan: [uty 2006

TOTAL KILOMETERS
Londoerth  Madrid
Forto Hamburg
tﬂ'tal Stockhalm , Barcelona
>1.000.000 km m‘!mam@ Reyijavik
>70.000 hrs Luxemsourg Stutigart

TOTAL HOURS

LondoMarth  ard

Porio

Hamburg

Barcelona
Reykavik

Stockholm

Armsteraam
Luzxembourg Stuttgar



Belgian LH,-Bus

/ Refueling Station Artist's View by Hydrogen
Systems [Photo: LBST - Hannover Fair 2000]
"""'““""‘l,

R I B rr_'wl-l-l.rl.

Demonstration of Hydrogen Systems’ ICE LH,
City Bus in the Belgian City of Hasselt in October
2000; Technology Partners: Hydrogen Systems,
Messer Griesheim [Photos: Hydrogen Systems]



Italian FC-Bus by Irisbus l I

= ~ The IRISBUS
vehicle, a 12-
meter transit bus,
will roll-out in the
2nd quarter of
2001. It will be
demonstrated in
Torino, Northern
Italy, 2nd half of
2001.

" |t incorporates a
hybrid-drive
system with a
B60kW fuel cell
power plant by
IFC.

[Source: Irisbus]




European CGH, FC-Hybrid-Electric Midi-Bus by Scania

Project Partners:
Scania (5),

Air Liguide (F),
Muvera (1),

SAR (D),

Genova University (1)

[Source: Scania]



b g

MAN FC-Bus with Air Liquide/ Nuvera PEMFC System and LH, Storage JEWE
cooling system
. braking E

supercapacitor system

LH;-storage Linde
600 I LH,/ -253°C

resistors

secondary
water pump

— power
converter

= 1 of f | || t
Air Liquide/Nuvera m;. E—ﬁ:.dﬁr:r:m
fuel cell module :

M 3 x 40 kW, oy,
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Energetyka wodorowa w Niemczech

SWB - Solar Hydrogen Bavaria Project [1986-1999]

[Source: SWB

SWB -

Bayernwerk AG,
Siemens AG,

BMW AG, Linde AG]



Energetyka wodorowa w Niemczech

Solar Hydrogen Activities in Germany

HYSOLAR, Stuttgart
PHOEBUS, lJiilich
Solar House Freiburg &

Sources:
DLR, FhG, FZJ



Energetyka wodorowa w Niemczech

EQHHPP - Bavarian LH,-Bus

LH, ICE City Bus Demonstration in
Erlangen

[Sources: MAN, ESTW, Linde]



Zastosowanie napedu wodorowego
w todzi podwodne;

Wodorek Ti Zr (Mn V Fe X),
Pojemnos¢ zbiornika ca. 1.5 wt.-%



HYDRA - AFC Propelled Boat with MH, Onboard Storage

specificatiol

Power rating: 7.5 kW
Max speed: 6 knots (11 km/h)

e Length overall: 12 m

e Beam: 3m

e Draught: 0.52m

e Weight: 4 tonnes

e Fuel-cell: ZeTek Mkl
®

®



Dystrybutory

Stacja wodorowa na lotnisku w Monachium

Zbiomik LH2

Zbiomik z wodorkiem

Zbiomiki wysokocisnieniowe




Stacja wodorowa na lotnisku w Monachium

H2MUC - Hydrogen Project Munich Airport - Second Phase

Energy supply Hydrogen production Hydrogen storage Hydrogen consumption
—
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0, 2 - -
Electrolysis “'_-3 Manual
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Operation at the Munich airport apron arsa:
3 articulated buses with advanced hydrogen ICE

Matural Gas
2.5 bar 125MmYh il". !_liu
Fipeline 1.2 km H !..-l
Si refo :
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Na stacji paliw ,ARAL” w Berlinie

Fot. K. Wierzbanowski



Na stacji paliw ,ARAL” w Berlinie

Jtinate

Fot. K. Wierzbanowski



Na stacji paliw ,ARAL” w Berlinie
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Koncowka do wlewania
cieklego wodoru

Fot. K. Wierzbanowski



Koncowka do tankowania
gazowego wodoru

Fot. K. Wierzbanowski
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Koszt eksploatacyi samochodu

Przyjmujac 1.2 €/ benzyny i 8 €/ kg wodoru mamy Roszty:

3. Koszt 1 KWh energii
z benzyny — 0.1 €,
z wodoru — 0.04 €,

2. Koszt przejechania 400 Rin
na wodor —378€
na benzynie —33,6€



Energetyka wodorowa w Islandii

= The home-fuelling
el concept

« One of the concepts in the Icelandic Roadmap
towards a hydrogen economy involves infrastructure.

« A backbone of the infrastructure would be a network
of hydrogen fuelling stations similar to the
gasoline/diesel network already in place.

« There is, however, a unique opportunity to utilize
ﬁeothermal heat and hydrogen with the aid of metal
ydrides and use this technology to provide a basis
for home fuelling stations.

« Geothermal compression has been addressed within
NORSTORE ¢ -~

Morstore |celand Sigfusson and
Halldors



Prognoza produkcji wodoru w Islandii
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W Islan

1

lanowana jest siec stacji z wodorem dla samochodow,
Koszt ok, 20 — 30 min €

LI L

L0 T TR 8 e
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Hasszar ksation:
bgar bodaty SBk
R b



Keflavik airport
US, H, backup

The fuel cell will operate outside in the various
lcelandic weather conditions.

1 year demo
Started Dec. 05




Energetyka wodorowa w Polsce

® Polska Platforma Technologiczna Wodoru i Ogniw
Paliwowych (2005)

* Ministerstwo Nauki — projeRt zamawiany 2005
~Materiaty i technologie dla rozwoju gospodarki
wodorowej w oparciu o przemystowe gazy procesowe”

* Klaster slgski — uzyskiwanie wodoru pod ziemiq —
seRwestracja CO,

* W ramach Rrakowskiego Rlastra energetycznego — nowa
imicjatywa AGH

® Brak szerszej koordynacji i nakfadow paristwowych

* Samochody na wodor w Polsce?



Polski samochod wodorowy
adaptacia MELEXu z z silnikiem Fiata 126p

25 km/godz, 5,5 m’/1h jazdy

Rys. 5. Wozek MELEX z napgedem wodorowym?"

M. Rudkowski ,,Polskie silniki 1 pojazdy wodorowe”,
Przemyst Chemiczny™, 84/11(2005)873-875



Polska

Tanie wytwarzanie wodoru — prace studyjne:
2. GIG — podziemna gazyfikacja wodoru
2. Wytwarzanie wodoru w procesie RoRsowniczym

3. Energetyka Jadrowa — AGH

Magazynowanie wodoru:
Badania podstawowe — AGH, WAT, IChF, Pol Pozn.

WhRorzystanie wodoru:
Ogniwa Paliwowe — AGH , INTIBS Wroctaw, U
Samochod — Inst. Nafty i Gazu, KraRow



Oczekiwania

W Swiecie

- Jest 1 bedzie istniaf silny rozwdj badar majqcy na

celu wdroZenie energetyRi wodorowej a w szczegolnosci:

- wyRorzystania wodoru do napedu samochodow

- rozpowszechnienie wodoru jako posredniego nosnika energii
- nastqpi to w latach 2010 —2040

W Polsce
- mamy szanse wlqczy¢ sie w badania poprzez 7 Ramowy Program UE

- brak spojnej polityKi energetycznej uwzgledniajgcej wodor jako nowy
nosnik energii — ,Platforma wodorowa” na razie nic nie wnosi

- bez istotnego dofinansowania przez patistwo fazy ,rozruchowej’,
pomimo udziatu w programach finansowanych przez ‘UE raczej nie
nalezy oczeRiwac szybRiego upowszechnienia energetyki wodorowej



Zrodta

Prace cytowane na planszach

H-Workshpo, Bad Honnef 2005, Materiaty z wyktadow:

W Eberhardt, U. Eberle, M. Felderhof, C. Jensen, T. Klassen,

Workshop NORSTORE Jillingen, 29 — 31 Maj 2006, Materiaty z
wyktadow: 1. 1 Sigfuson, S. Satyapal
E. ARiba, ,Japans Global vision for Hydrogen Storage Technology and the
Hydrogen Economy’, Gordon Conf, Hydrogen-Metal Systems, 2005
. J. M Bermejo , Fuel cells and hydrogen research” Piladephia 2004
European Union Compendium on Hydrogen and Fuell cell projects



DzieRuje za uwage



/biornik wysokocisnieniowy.

Warstwa aluminidm

Warstea T owhiknami
helikalnie skrecorme i

Warstwa Z whknarmi
i kksztatcie obreczy




Konstrukcja zbiornika

QUANTLIM
TriShield” Composite Hydrogen Storage Cylinder

Zewnetrzna warshva
kompozyton a

Specialna warstwa
przecwuderzenion a

Wewnetrzna warshua
vk onana z vk na weglovwego

Kompozytow y zbiornik firmy Quantum.



Wiasciwosci fizyczne wodoru

Energia jonizacji: H(g)> H+(g)+ e-

Powinowactwo elektronowe H(g)+ e- = H-

Promien atomu H,

Promien atomowy kowalencyjny,

Promien H+

Promien H- w wodorkach jonowych

Entalpia AH2ss reakcji 2H(g) €2 H: (g)

Gestosé¢ (293 K, 1 atm)
Gestosc (20 K, 1 atm)
Temperatura wrzenia
(-252,6 °C

Energia chemisorpcji E
Energia

(1 atm)

13,595 eV
0,75 eV
0,053 nm
0,037 nm
0,15
0,13-0,15 nm
-436,26 kJ/mol
0.08376 kg/m?
70,8 kg/m?
20,55 K

50 kJ/mol H,
120 MJ/kg
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Na stacji paliw ,ARAL”
w Berlinie

Fot. K. Wierzbanowski
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Technolo g?e magazynowania

Konwencjonalna

I
LH,

|
CGH,

|

Przechowywanie w ciele stalym

* &

J;;E'E.? Materialy lite
o s

Wodorki
Wodorki metalu
komyjleksowe |
I
Wyzsze temperatury
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Ads. na
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WEWI. POW.

Materiaty

o duzej pow.

Niskie temperatury




929999999999

Ciekly wodor (-253°C) ——————— A8 VT
Zawor Izolacja
Grzejnik elektryczny Wewngtrzny zbiornik
Gazowy wodor Sonda
Zawor bezpieczenstwa Linia zasilajaca
Rozprezanie gazu
Wlew Ostona

1 L -___-:___ - : _' _ v netrzny zbiornik

Zawor rozprezajacy gaz

ZawOr rozprezajacy ciecz Rozprezanie cieczy

Uzupehienie cieczy srzanie elektryczne




Magazynowanie wodoru w zbiornikach cisnieniowych

Warstwa ochronna

Wylot gazu

| Powloka z kompo

Powloka z polimeru WEZ R

0 wWys. gestosci

Reduktor
wewngtrzny

—3

T, ' Miernik temperatury
Zawor bezpieczenstwa

Koputa piankowa



Ograniczenie doptywu ciepta (300K-20K)  Pojemnik pod ci$nieniem (700 bar)

! 1 4

Optymalizacja rozmiaru / Wskaznik pow. Optymalizacja ksztattu

Oba zbiorniki LH, i CGH, maja cylindryczny ksztatt




Hybrydowy zbiornik firmy Linde

zew netrzna pow toka

osfona radiacyjna

w ew netrzna pow toka
w odor

w ymiennik ciepfa

pow ietrze atmosferyczne

ciekte pow ietrze i skroplone pow ietrze



Produkcja wodoru w Polsce
przez zgazowanie wegla

Security of supply in Europe and the role for coal
Considerations : enlargement

Czech Republic 8% Spain T%

Germany 16%

France 1%

Poland
=>» bigger than the entire
existing EU industry
Poland 53% => restructuring to
continue

EMERGY AND TRAMEPORT - Information/Communication




Problem ciepta zwigzany z tadowaniem 1

roztadowaniem zbiornika z wodorem

Naladowanie 5 kg H, w ciagu 5 minut

H2 odbierany powoduje wydzielenie 420 kW,

Uzycie 2 g/s wodoru wymaga dostarczenia
50 kW

Grzanie/chlodzenie
Rozkiad masy

grzania

Chlodzenie

f Zbiornik

H, dostarczany

Wodor




Hydrogen Production, Supply and End-Use Pathways - A Realistic Vision

e 3 : . Matural Gas Reformer
Renewsable Electricity Electrolysis and Liguafaction

Biomass Gasifier
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Distributed Reforming

Using Natural Gas and Renewable Liquids

= Develop intensified, lower capital cost, more
efficient NG reformer technology

« Develop improved catalysts and technology for
renewable liquids reforming (e.g. ethanol, sugar
alcohols, Bio-oil)

- Lead Partners: GE, APCIi, H2Gen, Virent, Ohio
State Research

Electrolysis
« Develop low cost and high efficiency materials and
system designs
» Integrated compression
» Integrated wind power/electrolysis systems
» Lead partners: Teledyne, Giner, Materials and
Systems Research

Biomass Gasification
- Developed integrated gasification, reforming, shift
and separations technology to reduce capital and
improve efficiency.
- L ead Partners: GTI, UTRC, SRI, Ceramatec,
Arizona State U.

Solar/Photolytic
Develop durable materials for direct photo-
electrochemical solid state water splitting using
sunlight
- Lead Partners: Univ. of California, MV
Systems, U, of Hawaii, Midwest
Optoelectronics
Research microorganisms that split water using
sunlight
- Lead Partners: Univ. of California, Craig
Venter Inst.

Research thermochemical cycles that split water
using heat (600 — 2100 C) from solar
concentrators

Lead Partners: UNLY, U. of Colorado, SAIC

Delivery

= Infrastructure options and trade-offs analysis
« Develop lower cost and robust technology for

pipelines, compression, off-board storage, carriers,
and liquefaction

- Lead Parners: Nexant, Gas Equipment Engineering




Results: Examples of Progress (2005-2006)
New materials with higher capacities being found

Material Capacities for Hydrogen Storage

Advanced Metal Hydrides

Chemical H;
Storage

Carbon/ Sorbents & New

BV ENS

Li Mg Amides
~5.5wt%, ~2.8 KWhi/L (>200 C)
Alane

~7-10 wt%, ~5 KWhI/L (<150 C)
Li borohydrides
=9 wt%, ~3.5 KWh/l (~350 C)
Destabilized Binary hydrides
~5-Twt%, ~2-3 KWh/L (250 C)
LiMgAlane, M-B-N-H
~ 7-8.8 wt%, > 1.3 KWh/L
(~150-340 C)

Phenanthraline/ organic
liquids
~7 wWt%,~1.8 KWh/L
(>150 C)

Ammonia
Borane/Scaffolds
~6 wit%,~2-4 KWh/L

(<100 C)

Metal/carbon hybn’ds, MetCars
6 to > Bwt%", ~1.3* KWh/I -
(*theory)

Eiridﬁ_Ed catalysts

MOF-8

~1.8 wt.%,~0.3 KWh/L
(room T)

Metal-Organic Frameworks
IRMOF-177
~T Wt%, ~1 KWh/L
(77 K)

Mote: Material capacities only. No balance of plant. Esfimates for volumetric capacities.

We are excited by these results but there are still issues...
Next steps: Operability (Temperature, pressure, kinetics, etc.)

Eren H

LS. Department of Energy

Za zgoda Pani Sunity Satyapal DOE




