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Profile of Ludwig-Bolkow-Systemtechnik q b

ludwig bélkow
systemtechnik

Strategy and technology consultants for
sustainable energy and transport systems

Founded in 1982

25 years of experience in sustainability issues

20 years with fuel cells, hydrogen and infrastructure
10 years with fossil resource analyses

Dr. Ludwig Bélkow, T 2003

Global, long term and system perspective Founder of LBST and MBS (today EADS)

Focus on technologies for sustainability
Clients from industry, politics and NGOs worldwide
Interdisciplinary team with high continuity

Shareholders: TUV SUD (47%), LBST staff (29%), Ludwig Bolkow
Foundation (12%), Private person (12%) www.Ibst.deJ
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Starters @

= FT's Tuesday edition Liimg} ?eo;m

» |Impressed vs disappointed
= Peak 0il? — Peak everything!?
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World “peak oil” is now — “Peak conventional” to follow soon

= Managing the transition is the mid term challenge ludwig bdlkow
L. . . systemtechnik

= Near term decision will have long term impacts

= Mind ‘collateral damages’
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Political drivers/motivation . b

.. i . ludwig bolkow
» Resources (declining fossil energy baseline) — lately systemtechnik

= Environment (climate, pollution, noise)

= Energy (towards an electricity based primary energy system)

Technology (foster innovation and securing economic competitiveness)

» The risk [when investing in hydrogen and fuel cells] is offset by the likely loss
of jobs and value added that would follow if the fuel cell came to dominate the
market without the German industry playing a leading role in transport and
stationary applications and the establishment of infrastructure. «

German National Innovation Programme (NIP), 8 May 2006

www.Ibst.deJ



National Hydrogen and Fuel Cell Technology Innovation Programme (NIP) (‘b

ludwig bélkow
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= Programme duration: 2007 to 2015
= Funding sources:

 EUR 500 million from German
Federal Ministry of Transport (BMVBS)

* EUR 2xx million from German
Federal Ministry of Research (BMBF) and Economy (BMWi)

Minister Tiefensee and European
Commissioner Verheugen

= ~50% co-financing required
= Additional/complementary financing from state bodies seeken
» |Leveraging overall investments of up to EUR 1.4 billion

= Alignment foreseen with European “Implementation Plan” to become a
Fuel Cell and Hydrogen Joint Technology Initiative

www.Ibst.deJ



National Organisation Hydrogen and Fuel Cell Technology (NOW) bb

= NOW GmbH, programme office of the German National Innovation Programme 'S”yivtggmtbeogm
incorporated beginning of 2008

» Infrastructure development focus on reforming, biomass-to-H,, by-product H,,
liguefaction, storage, pipelines, filling stations

= Demonstration in two phases == Nationale Urgamsatmn Wasserstnﬁ‘ und BrennstnffzelIentechnulngle

Phase | (2007-2010) e
« Advancing technologies s e

* Focus on key regions

92L uen‘l'anklll SFralrul

e Car and bus fleets + infrastructure
Phase Il (2010-2015)

chnnologitn 2u tinem i Systeme
achhaltigen Konzept

PKW Flotte n nieb in : g der PKW-Fiotie
mit geeigneter H2-Infrash ruk

Uberwachter Flottenbetrieb Ausweitung der BusFlotten;

« Techno-economic validation 353'753?5?71"39&“
 Fleet + infrastructure extension ,.
» Range of H, supply pathways pursued Source: NOW-GmbH de

» | ead-project “GermanHy” to prepare baseline for decisions making

www.lbst.de__|




Major regional activities in Germany . b

CEP CEP — Clean Energy Partnership [CEP-Berlin.de] 'S”yivtggmtbeogm
M’E"‘::: igf:::rship u CUTE
™ N
hy SOLUTIONS HH, — Hamburg Hydrogen [HH2Wasserstoff.de]
\-2) = CUTE bus demo
» Forklift airport Hamburg
L) = H2 ship Alster
'
In't'a‘clri-:;'r- H2F C-Initiative Hessen [H2BZ-Hessen.de]
ITI
Hessen » Zero Regio
i HyCologne — Hydrogen Region Rhineland [HyCologne.de]
HyCologne

\Wasserstoff Region Rheinland M un |Ch ( B M W |_| ] d e)

and Hydrogen
Network NRW, = HyChain Minitrans

» HyRaMP Hydrogen Regions Initiative

+ l |_ Fuel Cell NRW — North Rhine Westphalia [Brennstoffzelle-NRW.de]

= Stuttgart (Daimler, Linde) www.lbst deJ
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Existing hydrogen pipeline networks in Germany ‘ b

ludwig bélkow
Rhine/Ruhr (AirLiquide) systemtechnik
= 240 km network of H, pipelines
» supplying large industry consumers
Laverksen = Marl is biggest H2 commissioning centre in Europe

GERMANY

Image: Air Liquide

\ /" LeunasBitterfeld (Linde)
= 150 km network of H, pipelines

= serving industrial clients

Halle

= 2 newly built liquefiers with 5 t,,,/d capacity each

Schkopau
N

www.Ibst.deJ

Image: Linde
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By-product hydrogen in Germany (bb

Potential of 800-1,000 million Nm?3/yr identified [LBST 1998, HyWays 2007] ludwig bélkow
systemtechnik
Equivalent to 2.5-3 TWh/yr or 9-10.8 PJ/yr

By-product sources are chemical processes, such as
: : ~y 17:2 My 260 My

* chlorine electrolysis y memeltﬂawﬂ §J0 i35 iy et

« sodium hydroxide production

. - 37.6 M’
= So far, excess H, is utilised for ikl 9
] 28.8 Mm'fyr
» heat and steam production Ibberbren (Elektrochesnie (bb)
. . 62.1 Mr?/yr 33.9 Mnv’
* electricity generation Rheinberg (Solvay) Bmmm‘“{:m
50 Mt iyr
= Typical locations are g T
Cologne, Frankfurt, Hamburg, R SakpRfnAg
118 Mm*Ar

Leverkusen and the region of Cologne (Air Products, ECE, Degussas

. . 30-50 M /yr

North Rhine Westphalia St Htreirluied

) 43.4 M fyr PTE
= The two geographical clusters Hirth (Hoechst i
correspond with population density ~ [%\MmAr 453 My

{Wacker)
Source: LBST 1998 3 ;&Jhglnfm
en (Hoechst]

Www.Ibst.deJ
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Hydrogen refuelling stations in Germany hb

ludwig bélkow
systemtechnik
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Currently, the H2stations.org database contains 303 unique entries (past, current, and planned) J
e
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Hydrogen refuelling stations in Germany

ludwig bélkow
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18

16 *
O started +5%
14

12
10

ililidi

1987 1994 1996 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

LBST | H2stations.org, April'08

@ discontinued

| in operation

no of stations

*) There have been 8 additional hydrogen refuelling stations (HRS) in Germany with no time indication,
mostly installations with R&D facilities, thereof likely 5 still in operation = ¥ 21 HRS J
www.lbst.de



Hydrogen refuelling stations, Berlin, Germany [Histations.org

- e

Total (CEP)

* Opened 03/2006

» Serving 14 hydrogen powered city
buses with internal combustion
engine, thereof 4 having 150 kW and
10 having 200 kW (turbo-charged)

» Serving HyFleet:CUTE buses

* H, supply via pipeline and on-site
steam LPG reforming

» Dispensing LH, and CGH,

ludwig bélkow

Aral/BP (CEP) systemtechnik

ag M il hetp:

Moblllty partners Vehicle demonstratlon

Infrastructure partners: Demonstration
of on-site production and supply of
BMW 2 BMW Hp ICE hydrogen
7 series

Daimler |10 A-Class Fuel Cell CGH; -
Chrysler | F-Cell (Ballard) ARAL/BP | Planning, approval and
construction of the site,
Ford 3 Ford Fuel Cell | CGH: Operation of H,-station incl.
Focus FCEV | (Ballard)

GHz-compression
1 Opel Fuel Cell I GHW Hydro | Suppply o_f GH: by on site
HydroGen3 | (GW/ Opel) _ E SERR
Linde Supply and storage of LH,
from central production
(reforming), LHz-filling
Operation of maintenance workshops for technology

passenger cars and buses Vattenfall &Jpply of regenera“ve
electrical power

Wind, DC-RBP/A Hydrogen as fuel for
www.|bst.de

Mobility partners and BVG:



Hydrogen refuelling stations, Frankfurt, Germany [Histations.org C‘b

ludwig bélkow
systemtechnik

Infraserv Hoechst (ZERO REGIO)

4 i A ) :
! : < 4 = =1 R I||'
| '”l’f e Ris=—t
e Ty 7 P - ' . * Infrastructure and Vehicle
Compression “‘*-.lf{:;_'a::- i IR ’ = o=\, — Demo Project
T i s = Fully-integrated HRS
‘. * LH, and CGH,
I'| ; « High-pressure H, pipeline
‘Source: Infraselv Hoechstﬂ;{.‘_ =  Serving Daimler F-Cell

Www.Ibst.deJ
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Hydrogen refuelling stations, Hamburg and Stuttgart, Germany |Histations.org

Vattenfall / Hamburg (CUTE) ludwig bolkow

systemtechnik

* Opened 09/2003

» On-site water electrolysis

« CGH,

» Serving three CUTE buses

[ - New: Hamburg Airport
to serve forklift

* Opened 2003

8§ + Steam methane reforming

=5 * Serving three CUTE buses

WWW.|bSt.dEJ



Hydrogen refuelling stations, Munich, Germany Him.-ms.arg . b

Linde (Linde Hydrogen Centre) ludwig bolkow
Total (Detmoldstrasse)

systemtechnik
* Opened 10/2006

* Serving BMW L7
and MAN buses

. * Linde’s test
facilities,
technology show
room

* Public access

» Opened 03/2007, serving BMW L7

* Fully integrated with underground LH, storage

LH, and CGH,
Filling robot
Open from 05/1999-01/2007

LH, supply, steam reforming
and electrolysis

MAN buses and a forklift

Serving BMW 7’series LH,,
www.lbst deJ



Wrap-up and food for thought ‘to go’ @
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» Transportation sector totally dependant from ol
= Electrification of the drive train is consent among majors in the automotive industry
= Fuel cells are efficiency measures when times are getting tough resource-wise

» Hydrogen is a key enabler, allowing for an uptake of high shares of renewable
energies in our energy system [EHA, June 2008]

» Demonstration activities are indispensable exercises to validate technology and
allow learning to relevant stakeholders (industry, public bodies, safety authorities,
not least the public)

» Long lead times of infrastructure developments impose timely action

» ‘Change management’ needs careful upfront planning, common goal,
firm commitment,

= and delivery.

» [n Germany, concrete steps to go forward will be decided in 2008.

www.Ibst.deJ



LBST hydrogen and fuel cell information online @

ludwig bélkow
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TR . H2stations.org
lﬁfmtmns.arg — _ _
All hydrogen filling stations worldwide

H2mobility.org
All hydrogen cars, buses, trucks, ships, aviation, and speciality vehicles

HyWeb HyWeb.de
c@zette  News bits, calendar of events

LBST.de
Projects, reports, presentations

Www.Ibst.deJ
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...and looking forward to a fruitful discussion

Patrick Schmidt - Ludwig-Bolkow-Systemtechnik GmbH - Daimlerstr. 15 - 85521 Munich-Ottobrunn - Germany
schmidt@LBST.de

WWW. Ibst.deJ



Life Cycle Analyses with LBST Cooperation @

ludwig bélkow
systemtechnik

GM WTW Study — "Well-to-Wheel Analysis of Energy Use and Greenhouse Gas
Emissions of Advanced Fuel/Vehicle Systems — A European Study" [2001 - 2002]

BStMLU Study — "Comparison of Different Propulsion Systems in Private Transport in
Terms of Energy Saving and Reduction of Greenhouse Gases" [2001 - 2002]

FCSHIP — “Fuel Cell Technology in Ships” [2002 - 2004]
HyWays — European Hydrogen Energy Roadmap Activity [2004 - 2007]

CONCAWE/EUCAR/JIRC - "Well-to-Wheel Assessment of Alternative Road Transport
Fuels — Well-to-Tank" [2002 - 2008]
www.Ibst.deJ



European Hydrogen & Fuel Cell Technology Platform (HFP)

HLG Vision

Strategic Research Agenda / Deployment Strategy

Hz\ European Hydrogen & Fuel Cell Technology Platform (HFP)

Member States*

Mirror Group

Advisory Council
+ Executive Group

JTI Working Group

European
Commission

Secretariat

Implementation Panel Coordination Group

Transport Stationary Portable_& P_remium Hydrogen Cross-cutting
Applications Supply Issues
General Assembly
Platform Operations | HyLights &
Projects and initiatives (EC, MS national, regional, local) iRoadsZHyCOM

Source: HFPeurope.org

2006-05-22

ludwig bélkow
systemtechnik

www.lbst.deJ



Technical Potentials for Renewable Electricity Worldwide

70,000

60,000

50,000

40,000

30,000

20,000

10,000

Technical potential - electricity production [TWh/yr]

Solar energy
- -

> 64,000

Africa

> 26,000

Africa
]
Latin America

~ OECD Pacific

Europe |

> 60,000

Africa

Latin America

South Asia

OECD Pacific

Europe

Legend
Africa

I Middle East
Latin America

I East Asia
South Asia
China

I Transition Economies
OECD Pacific

M OECD North America
OECD Europe

> 13,000

Latin America

Ludwig-Bélkow-Systemtechnik GmbH, 2007

SOT PV

Wind

Hydropower

For comparison: Electricity demand of EU-27 had been 3,250 TWh in 2004

ludwig bélkow
systemtechnik

WWW. Ibst.deJ



Technical Potentials for Wind and SOT in Europe (EU) and Germany (D)

ludwig bélkow
systemtechnik

Electricity from wind Electricity from solar
< > <

3,000 2,900 Legend

o
MDD

=
~2.200
2,000

Lo
o
o
o

650
500 — p— p—

Technical potentials in [TWh/yr]

Ludwig-Bolkow-Systemtechnik GmbH, 2007

85 95 95 0
0 [ ] ] [ ]
Wind onshore Wind offshore Photovoltaics SOT

SOT = Solar thermal power

For comparison: Electricity demand of EU-27 had been 3,250 TWh in 2004 www.lbst.deJ



Crisis? What crisis? ‘b
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B | and requirements to cover today’s world electricity demand

g umLﬂated net area to cove
the total final energy demand

of the world by solar energy

= 700 x 700 km?
[distribted to all continents)

/

L udwig-Bolkow Systemtechnik GmbH, 2007

Phinto: MASA Visible Ear {hetpyfisi blesanth nasa.govh

WWW. Ibst.deJ



Use of one hectare of land for fuel production... b

ludwig bélkow
Hydrogen systemtechnik
1 h ad ~733GJperha
ICE vehicle Fuel cell vehicle
Coverage ~493,000 km per ha ~875,000 km per ha
=33% ‘ =,
Photovoltaics [NEEEEEEEEN | | 4 0 0 0 0 e '
& Hydrogen ICE vehicle Fuel cell vehicle
\i/ =abaialpetiha ~245,000 km per ha ~434,000 km per ha
B/ Coverage -
Wind energy ae | l

Hydrogen Fuel cell vehicle
~93 GJ per ha ~110,000 km per ha
— %
Biomass |2 '
ICE vehicle
~62,000 km per ha

Biodiesel Biomethane

~48 GJperha ~112GJperha )
Biomethane, ~80,000 km per ha

# 7 Coverage l

[T = 100%

Biomass

BtL, ~51,000 km per ha
Biodiesel, ~33,000 km per ha
Bioethanol, ~ 35,000 km per ha

Ludwig-Bolkow-Systemtechnik GmbH, 2008

. Fuel a1 3
Primary Land | | oquction Well to, Wheel efficiency
energy | KSQYEIEe! per ha (vehicle km per ha)
ha = hectare i
ICE = internal combustion engine Reference vehicle: VW Golf [Concawe/EUCAR/JRC 2006], average driving performance = 12,500 km per year

www.lbst.de



Number of cars that can be fuelled from one hectare of land using... b

ludwig bélkow
systemtechnik

80

70 Assumptions H,:
'F = Area occupied with PV: 33%
E 60 - « Solar irradiation: 900 kWh/(m?2 yr)
e « Efficiency PV panels: 15%
c 50 1 e Performance Ratio (PR): 75%
8 - Efficiency CGH, supply: 60%
O 40 - Efficiency LH, supply: 54% *)
g) « 4.6 wind turbines/km? *)
o 30 | - 2000 kw/wind turbine
8 20 « Equivalent full load period WT: 1800 h/yr
o -
o
e 10 |

Bandwidth g
o4 BN _mm BN B | | | |
X
@ & e%@ (\,zg@ Qv é&\ &\6 %QA %QA S‘Qé $ob
¢\ Q & & S > > q Q
S S < & S < 9 q N >
& & S & N N S NS & v esel endi
& & & e & G [l Diesel engine
< < \'k .
Qoé Q& & [] Otto engine
=) S .
& Q& »‘20' Reference vehicle: VW Golf | [] Fuel cell
& ©

*) more than 99%o of the land area can still be used for other purposes e.g. agriculture
Remark: wind energy convert units of 2 MWe today represent the bottom limit for wind park installation

www.lbst.deJ



Fuel costs versus GHG emissions “Well-to-Wheel”

&

300 - ludwig bélkow
- CTL systemtechnik
CGH,, LH,: FC
250 - Methanol: FPFC
Diesel, RME, BTL, GTL,
CTL, DME: Diesel ICE
200 - CGH, (bard coal) Gasoline, ethanol, CMG:
= CGH, (EU electricity mix Otto ICE
& o Y
= Methanol (NG)
- 150 - Gasoline/Diesel
o @50 €/bbl w/o tax EtOH (wheat) ' o
© DME (NG) Gasoline/Diesel
>
= 100 - @50 €/bbl w tax
= cnG @
S CGH, (NG) RME
O 5() - Battery electric vehicle : :
(EU electricity mix) CMG (biogas) “—EtOH (residual straw)
BTL (farmed wood)
0 T — T :
/ CGH, (wind)
0 0,01 0,02 0,03 0,04

CGH, (farmed wood)  Methanol (farmed wood)

» reference vehicle VW Golf Fuel costs [EUR/vehicle-km]

» hybrid

www.lbst.deJ



Well-to-Wheel Greenhouse Gas Emissions of Various Pathways

350

—_ 300 -
-
X

= 250 -
c
@

© 200 -
=
-

o 150 -
O
N

O 100 -
@)
o

Internal combustion engine (ICE)

ON20
B CH4
aco2

Fuel cell (FC)

Source: LBST "H2 book" (to be published end of 2007)

ludwig bélkow
systemtechnik
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GM WTW-Studie — "A European Study" [2001 - 2002]

GHG emissions of alternativ fuels in Europe

300
Natural gas Biomass

250 - - o505

200 +-
166

&

ludwig bélkow
systemtechnik

100%

150 -

100 -

GHG emissions [g/km]

Basis: Opel Zafira

GHG-reduction potentials for
non-hybrid drive-systems in
comparison with DI-diesel ICE

FC:  Brennstoffzelle

FPFC: Brennstoffzelle mit Reformer

ICE: Verbrennungsmotor

www.Ibst.deJ



The biofuel case — ‘collateral damage’

GHG emissions 2004

7000
@ CO2 from peatland fires

6000 - B CO2 from peatlands due to land use change
o 0C02, CH4, N20, HFCs, PFCs, SF6
b
D 5000 A
c
9
©
>
'S 4000 A
o
o
N
O 3000 -
&)
-
c
2 2000 -
£
(=]

1000 -

0 1 T 2 T 3 T 3I T T 3)
USA ) EU-25 ) China) Indonesia ) Russia 4 Japan 4 India

Sources:

D U.S. Environment Protection Agency (EPA), April 2006
2) European Environmental Agency (EEA), 2007

%) www.wetlands.org, November 2006

4 UNFCCC, 2006

ludwig bélkow
systemtechnik
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E3database b

ludwig bélkow
"'""'"_*:;:1.-:-.,__ R T — = systemtechnik

database
A calculation tool

for the supply and use of energy carriers,
products or services:

e Cumulative energy demands i / e . R

Transport- Truck f 510 years [ sverage

e Material balances, e.g. for the
construction of an industrial plant

e Emissions of air pollutants and ot
greenhouse gases (CO,, CH,, etc.)

e Economic aspects such as
investment costs, operation and
maintenance costs, depreciation
conditions, etc.

www.lbst.de
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E3database example simulation:

Ethanol from sugar cane produced outside the EU
and consumed in the EU

Www.Ibst.deJ



Part I: Sugar cane plantation, ethanol production, transport to port

‘ Sugar cane to EthOH (produced in Brazil, used in Europe) / DISI 2010 hybrid 2010
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25

i

Inputs

Heat 7 Diesel /

Output

Diesel I[Heat

Transport of
sugar can to the
ethanol plant

Ethanol plant

Export
terminal
(depot)

www.lbst.de



Part |l: Ethanol transport to the EU, ethanol use in a vehicle

% Deutsch [Deutzchland] | El | - |;|i|i|

Transport Syste
Inputs Output s

~mm(Ethancol [Ethano [ e
—mm|Electr i

Export
terminal
(depot)

Ethanol / Depol

Inputs Output S|

Maritime |mp0rt

ethanol terminal

transport (depot)
-
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Simplified Model of an Agricultural Product and Supply
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harvesting

TREATMENT
and
PACKAGING

Possible outcomes:

TRANSPORT = Greenhouse Gases
= Air pollutants
and = Energy effort
STORAGE = Costs

Service unit: 1 kg fruit
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Fuel
Electricity

CULTIVATION>>

Material (e.g. paper)
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Shipping mode
Shipping distance
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