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Motivation of an OEM for alternative drivetrains

m Individual mobility and efficient transport are an important ba
of modern society and economy

B An affordable, reliable and environmentally benign long term
fuel supply is a prerequisite for unrestricted mobility

Driving Forces

B Effective global reduction of CO, Emissions . \
B Securing of Energy Supply by Reducing pendence ¢
on Oil Imports from Politically Unstable Regions \

B Reduction of the Consumption of Fossil Fuels, an
B Need for Cleaner Fuels to Support Emission ctions
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Elements of a hydrogen supply infrastructure

Primary Energy

Crude Oil Production

Natural gas Reforming
Coal Gasification

Uranium Electrolysis
HT-Splitting
Solar Thermo-Solar
wind Solar direct
Hydro
Geothermal Central
Biomass On site
Waste
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Conditioning
o Compression
o Liquification
o Synthesis

Transport
« Pipeline

e Truck
o Ship
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Well-to-Wheel parameters and data origin
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Example for a H,-supply chain: CH2 from on site reforming
of natural gas

l Mechanical
work

Mechanical work

MP pipeline
(10 km)
. 1_\
onsite SMR CGH,
filling station \

. EI ricity

NG extraction NG transport

: HP pipeline
an (1000 km)

(250 km)

processing
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Present WtW studies

http://www.transportation.anl.gov AR St S - http://ies.jrc.cec.eu.int

GM WtW North America GM WtW Europe CONCAWE/EUCAR/IRC
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Sample of actual WtW data visualization

WTT energy consumption 2010-2020

[KWh/kWh]

WTW GHG emissions 2010-2020
data from EUCAR WTW study 2003
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Criteria to define a vehicle development strategy

m Energy Consumption
B CO2 emissions
m Fossile fuel consumption

First 3 criteriato be considered in Optiresource

B |nvestment, cost
Marketshare, market
Performances

PM, NOx, HC emissions
Grey energy

Recycling
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Basic specifications of OPTIRESOURCE software

B Interactive and easy-to-use SW to get quick and clear answe
to many questions:

m how do different energy chains compare in terms of energy
consumption, GHG emissions etc.?

m what are the chains allowing for the optimization of the
consumptions and emissions?

m what is the impact of different energy scenarios? i
m and many others.....

B Interactive software & database are storeﬂ USB key

m SW only needs Windows 2000/XP with MS “.net Framework”

m SW is designed as a modular and scalable syst he same
data-base has different “modes” and different r interfaces

B In the current version 2 “modes” and 3 user interfaces are
Implemented
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Implementation of OPTIRESOURCE software

m “Modes” i

= “Query mode”: the user selects the chains according certain
criteria and then the results are visualized (more than 500
chains available)

m “Scenario Mode”: the users defines scenarios in terms of energy
supply and energy demand and then visualize and compare
them (available starting from January 2007) |

m User interfaces . ¢

m User interfaces:

(11 b} )
m “For Experts
Dr. C.Mohrdieck, M. Piffaretti, Dr. J.Wind, P.Froeschle EVS-22 October 26, 2006 11

m “For All Users”
m “For Exhibitions”




DAIMLERCHRYSLER

Example for WtT results:
Energy consumption and GHG-emissions for H,-
production from various primary energy sources

ER Language | View | Reset | Export | Help | Quit | About CAR-ORv1.1

Choice of the energy chains

Primary energy Process Fuel

CHAIN |We|\ to Tank only m| ‘ Primary encrgies 4 /19 |7| Processes 6129 Fuelz 2110

WGOT GOl Gen. gas Her ., HZ PIpe. 6N Sne oo

Compressed Hydrogen
CRITERIA |2 Selected |7|| wood col., 0F% gas.+reforming, H2 pipe. 045 ¢ .
_ Liquid Hydragen

Nuclear wiood ool black liquor gaz +ef., HE pipe, 005 ¢

TIME |1 Selected |7||

Dimethylether (OME)
REGION hdethanal

|—| K Synithetic Diezal
CAR |1 Selected b | [l yrthesis urthetic Niscalifiscel A5

DATA CODE RESULTS

I Show Fossil Energy
Crcder 1 Crider 2 Colar [ SplitWTT & TTVY

™ Show energy reference chain
Py primary enerey m”b" e |ﬂ|- [ Show data variance

Energy Conzumption Greenhouse Emizsions

2010 ¢ Coal # coal, cen. gas +reforming, H2 pipe. on site com. / Compressed
Hydrogen

9010 f Natural Gas ¢ NG pipe 4000km, cen. ref_, H2 pipe, O/5 com. / Comprassed
Hydrogen

9010 ¢ Natural Gas ¢ NG pipeline 4000km. on site reforming+H2 com . f Compressed
Hydrogen

2010 ¢ MNatural Gas f NG pipe 4000km, central reforming+H2 liq., road / Liquid
Hydrogen

2010 £ Wind /el gen. (wind), cen. e sis, H2 pipe, 0/% com. / Compressed Hydrogen

2010 # Wood Wiaste f wood col., cen. gas +ef., H2 pipe. on stte com. / Compressed
Hydrogen

o4 05 D& OF D& DB 1 . k E K an 00 120 140 16D 180 2000 2D 240
bl expended energy £ hil fuel g COZ eq b fusl
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Example for TtW results:
Energy consumption and GHG emissions of various drivetrains

DAIMLERCHRYSLER Language | View | Reset | Export | Help | Quit | About CAR-ORw1.1

Choice of the energy chains

Fuel Powertrain

CHAIN |Tank to Wheel arly |7|| Fuels 4 £10 |7||| Powertrains 3/15

CRITERIA  [2 Selected ]

El ectricity Diesel Direct Inj. Particulate Fiter (DICT)
TIME |2 Selacted |;|| Diezel Direct Injection (DICI)
Hydrogen Otto Dirsct Injection (D151

REGION Comprezsed Hydrogen Otte Engine (convertional - PIST)

CAR |1 Selected |7|| qwd mgen Otte Engine (convertional - PIS1 - Bifuel %

DATA CODE RESULTS

™ Show Fossil Energy
Wisualization Unit Crrcler 1 Crcder 2 Calar I~ Spit WTT & TTW

W' showe energy reference chain
Abzolite |7|||\ e 100 Km g CO2eq Km |;|||by fuel Fl”by posvertrain m|- [~ Show data variance

Energy Consumption - Ahsolute R1 | Greenhouss Emissions - Ahsolte

2010 ¢ Compressed Hydrogen § Hybrid: Fuel Cell Hybrid £ A& Class
2010 # Compressed Hydrogen J Hybrid: Otto Engine (conwertional - PISI) /A Class ------.
2010 ¢ Compressed Matural Gaz § Hybrid: Otto Engine (conventional - PISI) £ A Clazs

2010 ¢ Diezel £ Hybrid: Diesel Oir. Inj. Particul. Filter (OIC1 A Class

2010 # Gaseline £ Hybrid: Otto Engine (ponventional - RIS £ A& Class -------I
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Example for WtW results:
Vehicle drive train: Fuel cell hybrid
Fuel: Hydrogen from different primary energies

ER Language | View | Reset | Export | Help | Quit | About CAR-ORv1.1

Choice of the energy chains

Primary energy Process Fuel Powertrain

CHAIN |Cumpleie. Well to iheel |;|| ‘ Primary energies 4 /19 |7| Processes 6 /29 Fugls 2 110 |¢| Fowvertrains 174

WOOQ Cor., GeN. §az el ., HE PIPE. on S com
CRITERIA |2 Selected |;|| wood col., Of5 gas.+reforming, H2 pipe. 045 ¢
|;|| wiood ool black liquor gaz +ef., HE pipe, 005 ¢

Compressed Hydrogen
Liquid Hywdrogen

TIME |1 Selected

Dimethiylether (OME)
REGION Methanal Fuel Call

Synithetic Diezal Hybrid: Fuel Cell Hybrid
Sunthetic DiazaliMiazal 106

CAR |1 Selected |7|| 1 Synthesis

DATA CODE RESULTS

[ Showe Fossil Energy
WisLalization Lnit Crder 1 Crider 2 WIT  TTY W SpitwTT & TTwy

I™ Show eneray reference chain
Abzolite |7|||\ e S 100 Km g CO2eq fKm |;|||by fuel Fl”by posvertrain m|--|— Show data vatiance

Energy Consumption - Absolute Greenhouse Emissions - Absolte

2010 ¢ Matural Gas £ NG pipeling 4000km, on site reforming+H2 com. £ Compressed
Hydrogen £ Hybrid: Fusl Cell Hybrid [ A Clazs

2010 { MNatural Gas f NG pipe 4000km, cen. ref., HZ pipe, O/5 com. / Comprassed
Hydrogen £ Hybrid: Fusl Cell Hybrid [ A Clazs

2010 ¢ Coal # coal, cen. gas +reforming, H2 pipe. on site com. / Compressed
Hydrogen £ Hybrid: Fusl Cell Hybrid [ A Clazs

2010 f Wind / el. gen. (wind3, cen. e.sis, HZ pipe, 075 com. ! Compressed Hydrogen /
Hybrid: Fuel Cell Hybrid f A Class

2010 # Wood \iiaste / wood sol., cen. gas +ref., HZ pipe. an site com, / Compressed
Hydragen / Hybrid: Fuel Call Hybrid / & Class

2010 F Natural Gas £ NG pipe 4000km, central reforming+HZ liq., read J Liquid
Hydrogen # Hybrid: Fuel Cell Hybrid / & Class

36 ’ X K K L] a0 oo 120
| eq £ 100 Km g COZeq i Km
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Example for WtW results:
Vehicle drive trains: Fuel cell and ICE
Fuels: Compressed hydrogen, gasoline and compressed natural gas

XYSLER Language | View | Reset | Export | Help | Quit | About CAR-ORv1.1

Choice of the energy chains

Primary energy Process Fuel Powertrain

CHAIN |C0mplete: el to e m| ‘ Primary encrgies 4 /19 |7| Processes 6127 |7| Fuels 4 /7 Powvertraing 3715 |7|
Wwood col., Gen. gas.Her., HL pipe. on Sme com. ¥ . R A
CRITERIA |2 Selected |7|| wood col., 075 gas.sreforming, H2 pipe. 045 som. hivbid JCuelEng el(cenventional IR IS0

Nuclear wiood ool black liquor gaz +ef., HE pipe, 045 com.
TIME |1 Selected |7||

Diesel Direct Inj. Particulate Fitter (DICT)
Diezel Direct Injection (DICI)
Comprassed Hydrogen Otto Direct Injection (D151

Liquid Hydragen Otto Engine (zonventional - PISI

REGION

CAR |1 Selected |7|| Syrihesis

DATA CODE RESULTS

I Show Fossil Energy
isualization Unit Orcler 1 Order 2 WIT TTW W SpitwTT & TTw

W' showe energy reference chain
Abzolite |7|||\ eq M100Km g CO2eq fHm |7|||by ENErQY A3C. Fl”by fuel m|--|7 Show data varisnce

Energy Conzumption - Absolute R Greenhouse Emizsions - Ahsolute R2

20101 ¢ Hatural Gas § WG pipe H00km, can. raf., HZ pipe, 015 com ./ Comprassad
Hydragen / Hybrid: Fual Cell Hybrid / A Class H H

010 1 Wiind /el gen. (wind3, cen. e sis. HZ pipe. 045 com. ! Compressed Hydrogen ¢
Hybrid: Fuel Call Hybrd # A Class H

2010 1 Wiood ifaste { wood col ., cen. gas +ref . HZ pipe. on site com. / Compressed
Hydrogen £ Hybrid: Fusl Cell Hybrid [ A Clazs

2010 { Matural Gas ! NG pipeline 4000km, on site compression / Compressed Matural
Gaz / Hybrid: Otto Engine (conventional - FIST £ A Class

2010 ¢ 0il # oil driling, ship, diesel refining, land / Diesel # Hybrid: Diesel Oir. Inj.
PFarticul. Fitter (DICI) £ 4 Class

2010 ¢ 0il # oil drilling, ship, gasoline refining, land / Gasaline f Hybrid: Otto Engine
(zonwentional - PISN A Class

2010 { MNatural Gas f NG pipe 4000km, cen. ref., HZ pipe, O/% com. / Comprassed
Hydrogen £ Hybrid: Otto Engine (zonwentional - PIS1) § A Class

2010 ¢ Wind /el gen. (wind), cen. e sis, H2 pipe, 0/% com. / Compressed Hydrogen /
Hybrid: Ofto Engine (convertional - PISI) £ A Class

2010 # Wood Wiaste f wood col., cen. gas.+ef., H2 pipe. on stte com. / Compressed
Hydrogen £ Hybrid: Otto Engine (zonwentional - PIS1) § A Class

o0 120
leq 100 Km g COZeq ! Km
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Example of QUERY-MODE visualization ,for All Users®

[ Results for 2010

-
o

Sun Electricity generation Compressed
. grid,

tp;-km&_‘ g Fyarogen
compression

Current A-Class Gasoline
78

g 1 eq gasoline/100 km
| | | [ | [ | [
0 5 10 15 20 25 30 35
Ci

g CO2 eq/Km

Dets from: Conaws, Eugar, JOR - WELL-t-WHEELS Report, Version 2a, Decermber 2005
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Now....try out yourself - on the EVS-22 DaimlerChrysler stand

Join the Optiresource Foundation: | ‘

B In order to involve mores stakeholders, DaimlerChrysler intends
to create a Foundation, open to other companies: you can join!

B Joining the Foundation, you participate in the definition ofsthe
specifications for the further developement of the software. - ¥

B Buy & use (starting 2007, January) Optirmce software for
optimizing your vehicle/fuel developement strategy. \

B Suggest further aspects to be included in the yre.

...checkout  WWW.0ptiresource.org
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