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MTU CFC Solutions GmbH

Subsidary of DaimlerChrysler AG
Established January 2003
Located near Munich / Germany

Total Area: 5000 m?

Pilot Cell Manufacturing
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The HotModule — Fuel Cell Programme

Peter M. Berger

MTU CFC Solutions GmbH
D - 81663 Minchen

Technology und Plant-Design

Advantages compared to conventional

power plants
Biogas and the carbonate fuel cell

Next stepps, Commerzialisation

ng CFC Solutions GmbH

Principle of the Carbonate Fuel Cell

Catalyst

Reforming reaction
CH,+2H,0 --->CO, +4 H,

Anoden reaction
H, + CO;~ ---> H,0 + CO, + 2 e

Matrix with Electrolyte CO;~
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Single Carbonate Fuel Cell

QHTU CFC Solutions GmbH

Integration - Fuel Cell Stack

QBTU CFC Solutions GmbH



Hot Module packaging priniziple
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Process Flow Diagram

Hot Module
Periphery
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Prototyp

Prototyp,
Dezember, 2001

Electrical efficiencies of power plants

El. Efficiency in %
70 MCFC,

High temperature fuel
cell

PAFC,

Low temperature fuel cell
Gas engine

Gas turbine

Steam power plant

/ Future technology

100 1000 —\

Power class in Megawatt
QBTU CFC Solutions GmbH

Today's technology




Options for the use of high temperature heat (400°C)

—~>Better utilization of the power plant
—>Higher coldness to heat ratio
->Compact shelving

->The market for cooling is growing worldwide
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Applications & Customers

Pharmaceutical Commercial Facilities

Utilities Food Industry IT-Sector Telecommunication

QBTU CFC Solutions GmbH




Fuel Flexibility

Sewage Gas Biogas

Landfill Gas _bm 4_@

/

Coal Mine Gas

Residual Gas]

ng CFC Solutions GmbH

Die Zellspannung profitiert vom CO,-Gehalt des
Gases

—U Avg. —— CO2 at Anode
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Variation der Gaszusammensetzung

Katalysator
Reformierreaktion

CH,+2H,0 > CO, +4H,

Anodenreaktion
H, + CO;~ --->H,0+ CO, + 2 e

Matrix mit Elektrolyt CO;~

Abluft

Renewable Energies

Residual Gas Coal-Mine Gas Landfill Gas

QBTU CFC Solutions GmbH




Field trial in German
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RHONKLINIKUM AC ﬁ:
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Rhon-Klinikum

Gesamtanlage HM300-3

AG

Krankenhaus
Energieversorgung

In Bad
Neustadt/Saale

betrieben von der
Rhon-Klinikum AG

Qg DaimlerChrysler Powersystems Off-Highway



Emission Measured

HotModule Piston Engine
Pilot Plant Cogeneration Unit

mg/m3 14 30 — 480

NOx mg/m3 <2 10 — 750

Total Carbon (incl. CO) mg/m3 310 -
450

@ ic Carbon mg/m3

ITU CFC Solutions GmbH

Clinic Magdeburg - Germany




System Part Load Efficiency
Electrical Efficiency over Electrical Load

+ HotModule Fuel Cell - Gasmotor G V12
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The HotModule System confirms an excellent part load efficiency

ng CFC Solutions GmbH

EnBW - Michelin - Karlsruhe

[
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Efficiency of the power plant

Date: 26 022004 MTU Tucl Coll_EnbBW Karlsruhs
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Operating Mode 4 Stack Voltage 273 VDC [Stack Current

Normal Mode Average Cell Voltage | 797 mV

Current Density

Dperating Hour | 9752 h
188 Kw

Met Power

5356 % 495 % 71 %

DC/AC

Inverter

Power out Inverter

197 kw

Direct Current

213 kw

Net Power

188 kw

(Ciatieziti Internal

Fuel Gas Consumption

3987 kW

464 %
Heat

0 KW

V" Losses

Heat Power

185 kw

LHYV 10.276 | kwh/Nm3

Generated Energy

Electrical | 1582.0 |Mwh
848 |Mwh
1666.8 |Mwh

471

Heat
Total

Eff. toral_ter %
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Operation and Monitoring
Entirely remote controlled test operation

Overview

Dperating Mode

HM System

o

| Normal Mode

Stack Yoltage
Average Cell Voltage I 741 mv

Energ. Balance

253 vDC

Stack Current

946 A
Current D ensity 120

mé
o

5205 h

I 50 Kw

Dperating Hour

Met Power

Fuel Gas

I 4781 kW

MCFC

Current

Heat

Direct Current

Eff. curers | 462 %
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II] kw!
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Power out Inverter

Consumtion
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LHY I 9.982 | kwWh/Hm3
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Pfalzwerke - Kreiskrankenhaus Griinstadt
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Ongoing Field Test Installations

Otto-von-Guericke Telekom / Germany IZAR / Spain
Clinic / Germany

Rhon Klinikum
| Germany

Mercedes Benz/ USA LADWP /| USA Michelin / Germany

ng CFC Solutions GmbH

Load Profile of the Bad Berka-unit

Load Profile Diagram from 10/01/03 to 03/05/04
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MTU Field Test Units
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Field Test Experience

Electrical Plant Efficiency: 47 % Demonstrated

Operating Time of one Field Test Unit > 19.000

hrs.

Total Accumulated Operating Time > 80.000 hrs.
Variable Power to Heat Ratio

Over 90 % Total Efficiency

Multistage Heat Utilization

Trigeneration Demonstrated: Power, Heat, Cooli

DC Application Demonstrated

QBTU CFC Solutions GmbH
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