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Praxistest Brennstoffzelle fiirs Eigenheim
Ein Projeki im Nationaien Innovationsprogeamim
Wasserstofi- und Brennstotizellentechnologie

Former Federal Minister Tiefensee and representatives of participating companies
kicked off the project at the Federal Ministry of Transport, Building and Urban Affairs

on 23 September 2008.
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Project goals

Preparation for launch of natural gas-driven fuel cell
heating appliances

Demonstrate technical maturity, support further
Improvements to ensure marketable products

Develop supply chains by winning binding orders for
large quantities

Enhance product profile on the market

Continue work on concepts for supply structure
Integration

Support (further) training of market partners

Validate requirements from customers and the
market

Promote the creation of added value in Germany
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EnBW | callux project partners

@-0M | ruhrgss Energy suppliers:

EnBW, E.ON Ruhrgas, EWE ENERGIE,
MVV Energie, VNG

— have been installing and operating fuel cell
heating appliances for years;

— have jointly gathered experience from

EWE

HMVV terge installation and operation of more than 250 fuel
cell heating appliances.
Verbundnelz
Gas AG
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BAXIZIINNOTECH | callux project partners

HEXIS

Manufacturers:
Baxi Innotech, Hexis, Vaillant

— are experts in Germany for the development of

FVaillant fuel cell heating appliances;
— use PEM and SOFC technology (1 kWe);

— have many years of experience operating far more
than 250 appliances.

Project coordinator

%;M__\ Centre for Solar Energy and Hydrogen Research (ZSW)

— has comprehensive experience with the handling
and implementation of funded projects.
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Project structure
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Separate organisational structures have been set up for
the joint Field Test and Support Measures projects.
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Field test

— The field test is being carried
out primarily at residential users
In selected regions of Germany.

— The energy suppliers buy, install
and operate the fuel cell heating
appliances independently of
each other.

— The field test consists of three
phases; a final assessment
report has to be prepared for
each phase.

— Specific target values have
been specified for the field test,
which are identical for all
manufacturers.
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Project timeline

Field test 5 E ,
Project phase 1 _
Project phase 2 _
Project phase 3

Support
Measures

Project Phase 1 [ R R R
Project Phase 2 N | N —

2008 2009 2010 2011 2012 2013 2014 2015

- Installation and operation of fuel cell heating appliances
- Support measures
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Planned fuel cell heating appliances
(cumulative number of installations)
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Up to 560 fuel cell heating appliances are to be installed as
part of the callux field test by the end of 2013 and to be
operated in some cases until 2015.
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Project financing

—EnBW BAXI % INNOTECH
e'ﬂn Ruhrgas HEXIS
Gefordert durch:
EWE ®EVaillant * ?un\?eimri]niséenu
und Stadtentwicklung
#MVV-Fnergie Gﬂ\ au I{) [I in BB dl |‘ gq
(i)
Verbundnelz
Gas AG
== Nationale Drganisation Wasserstoff- und Brennstoffzellentechnologie
B Contributed by project partners B Subsidies

If implemented as planned, callux will have a total
Investment volume of approx. €75 million, of which €39
million will be contributed by the project partners.
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Regional focus

Current projects at
www.callux.net

The size of a house on the map indicates
how many projects are being implemented
at a location.
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Selection of test sites

Residential fuel cell heating appliances

— suitable for use in single- and multi-family
homes;

— replace existing heating systems;
— are very energy-saving and have low

M emissions.
=1 Lf Elm Preconditions for operation are
o . = — a minimum heat requirement of the building
s (space heating, hot water production);
Graphic: wwwinitative-brennstoffzellede — connection to natural gas and electricity grids.
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Example projects

- Erfurt

3 Wiesbaddyr2nKfurt am Main

i S ) Niimberg, Mittelfranker
" IIIIH "

. Miinchen

O Zurich

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013




() callux v

Praxistest Brennstoffzelle fiirs Eigenheim

Example projects

Single-family home in Otisheim Day-care facility in Oberderdingen
(Baden-Wdrttemberg) (Baden-Wirttemberg)

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013




() callux v

Praxistest Brennstoffzelle fiirs Eigenheim

Example projects

B —

Single-family home in Mannheim Single-family home in Miincheberg
(Baden-Wdrttemberg) (Brandenburg)
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Example projects

Single-family home in Westoverledingen Single-family home in Oldenburg
(Lower Saxony) (Lower Saxony)
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Support measures

Work package 1: market partners

— Develop a training module to establish a specific
gualification for the trades involved

Work package 2: market research

— Analyse requirement profiles and market entry
barriers

Work package 3: infrastructure

— Develop a standardised interface for communication
between fuel cell heating appliances and energy
management systems

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013
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Support measures

Work package 4: communication

— Ensure comprehensive and mutual communication
between the project partners

Work package 5: scientific support

— Investigate common scientific questions affecting
test implementation and evaluation

Work package 6: project coordination

— ZSW as the project coordinator to provide support
to the project partners
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Examples of support measures
Work package 1. market partners

Enhadt xlos Holtruberbick

Energievertsraisch privater Hasshae

Energie wird in den Verbrauchsselionn Vedkenr,
Industrie, Gewerte, Handel und DisnsBeisungen
sowie in den privalen Haushalten bendligh In
Dutachiand werbrauchen S Privathaushaie 2008
rand 28 Prozeni der Endenergie (Varkehs nicht
ginbazagen)®. Dar mit sbstang gréfte Anted davon
endal sul Raumwanme und Warmiaasserbareiung.
D re:stiichion anteile enffallgn aul die Beleuchbang
und sonsige Fomen der Hutung ebelirischer .

Private Haushate banligen vod allem nulzbans
‘Warmeenergie und Strom. Meus Techniken und
altarnative VierTahren eemogBchen schon heuts jedem
Besizer sings Einfamilienhauses, einen personchen
Beitrag zum Wandel der Energlesyslame u leisten:
durch Enngiesinspanng und deén Einsat

hechefMizianter Haizungsta chail:

BrenngloMogilen-Hecgeribe abeitin hochaflsient und A "

stellen mil Srom wnd Warme belde Energietammen ar W Baumsdme B Vismrwasser W Beloutt m

VedTgung. Strormwerbrauch

Schitzen Sie, wie viede Anteile Enengie dis
aufgohitrten Bereiche in Privathaushatien
benodigen, Ordnen Sie die dafur durch .Ziehen und
Loslassen™ die prodentsalen Anbe din Bengichen
bl

Fuel cell heating appliance information programme

EEE =000 oo rnaion Semmscomoimmeongouin oo
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Examples of support measures
Work package 1. market partners

Notizuberblick

In diesern Kapiel werden folgende Themen
behandeit

Programmseiten

1. Themenubersicht

2. Ungewisse Gemisshellen

3. Zur Energlewande boitragen

4. Die nachste Zukunft der Energeeversorgung

5. Technischer impuls fr wirtschaftiiche und sodiale
Innovatonen in Deutschiand

Mit der Seitennavigaton im urderen Bildschimbereich
wdnnen Sie bequemn pér Kick die Themenbereiche
ansteuemn

Fuel cell heating appliance information programme

ERE =0 oo rion SemmsComoimmeongsuin 2o
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Examples of support measures
Work package 2: market research

Fuel cell heating appliances are innovative, environmentally friendly, support new
technologies, help you save
completely mostly mostly

) ) Top 2 Lowest 2
Fuel cell heating appliances... agree agree disagree boxes boxes

...are innovative. 2 99% 1%

... are environmentally friendly 97% -

... contribute to Germany’s shift in energy
policy. 91% -
... are more efficient than tr?%gt%r:g? 88% 3%

... provide you with compensation for
excess eYectricity fed into the grid.* 87% 10%
... save money. 75% 6%

... decrease your dependence on energy
suppliers. 25 24 17 12 48% 28%
... cover all your electricity needs. 39 15 35% 26%

Survey of callux field test customers in May 2012, figures in %

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013
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Examples of support measures

Work package 2: market research
Three quarters of users extremely satisfied

Pilot study 2nd wave 3rd wave 4th wave
n =60 n=74 n=111 n =103

[ Top 2 boxes = Middle box H Bottom 2 boxes

Now some general questions about your experiences with the fuel cell heating appliance.
How satisfied are you with the fuel cell heating appliance?

Survey of callux field test customers between January 2011 and May 2012, figures in %

EEE =00 oo rsion SemmsComoimmeongsuin oo
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Examples of support measures
Work package 3: infrastructure
The callux box: objective

— The callux box is the standardised interface for
communicating with the fuel cell, and makes scheduled
automation a possibility.

— Standardising the interface will make it possible to operate a
number of system types from different manufacturers.

— The development is based on IEC 61850-7-420
(Communication networks and systems for power utility
automation)
— Integrated information management will reduce development
costs over the long term and reduce potential errors when
transmitting measurement vales.

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013
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Examples of Support measures
Work package 3: infrastructure
The callux box’s interfaces and connections

Die Callux-Box

Schnittstelle fiur die Energieversorgung mit KWK

230V/AC

P _ s Wired M-Bus

ol 671i-Anschiuss ;
(2 callux

I
Praxhtest Breanstollzete s Dgenteim

.......

COM-Port
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Examples of support measures
Work package 4. communication
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www.callux.net on the Internet with project database
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Examples of support measures
Work package 4. communication

nip
@ callux '

Praxistest Brennstofzslle flrs Eigenheim
e Innovationsprogramm Marktpartner Projekie

3 callux e

Interaktive Projektkarte Prautitest Brenataftzee Hirs Eigeaneim
Michten Sie wissen, wo bereits Brennstofizellen-Heizgerate installiert wurden? Dann schauen Sie

einfach in der interakliven Projektkarte nach. Dort erfahren ie, wo die innovative Technologie won den »>
IBZ- und GalluePartnern bereits erprobt wird
| —

Die Brennstofizelle
Heiztechnik der Zukunft

) Der GalluxFilm informiert Sle lber den Praxistest
Zum Start kiicken Sie bitte auf das Bild oben

April 2011, Edewecht

‘2 Schwerin, Mecklenburg
Aktuell

neue Projekte

Interaktive Projektkarte

Deutschlandweit alle Projekte

‘2 Hannover

/ mldur’

o Mdchten Sie wissen, wo hereits
‘ Brennstoffzellen-Heizgerate

‘2 Dresden
installiert wurden? Dann schauen

» Sie einfach in der interaktiven
‘ Projekiiarte nach
Q » mehr

Projekt in Ellwangen (Jagst)

Enw
vl erstaller Hexis
Gebsudeart: Kreisbenstaschulzentrum
winehr
2 Miinchen

Interactive project map at www.callux.net
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Examples of support measures
Work package 4 commun_lcatln

hﬁhﬂg Hux ¢

Callux-Projektpartner:

_—— T EWE
MV e - e BAXI % INNOTECH
HEXiS Riaitant e

Herausforderungen
fiir das Handwerk

T

Newsletter covering questions revolving around callux field test

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013
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Cost trend for fuel cell heating appliances
(averages for all manufacturers)

—
o
o

—s—Planned cost development

o
o

—m— Actual costdevelopment

8)]
o

[N
o

Costdevelopmentfor appliances[%]
o &

Devicegeneration1 Devicegeneration2 Device generation 3

—>Appliance costs were reduced by around 60% over the course
of the project.

ERE =0 oo rsion SemmsComoimmeongsuin o
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Cost trend for servicing/replacement parts
(averages for all manufacturers)

I
l\ —e—Planned cost development

—m— Actual costdevelopment

—
o
o

o
o

/

o

Costdevelopmentfor services [%]
= an
o o
/ /

Device generation1 Devicegeneration2 Device generation 3

- Costs for appliance servicing and replacement parts were
reduced by around 90% over the course of the project.

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013
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Cumulative operating data

Cumulative operating hoursand KWhe (all manufacturers and evergy suppliers)

1,200,000

@ Cumulative operating hours

1,000,000

W kWhe produced

800,000

600,000

400,000

—

200,000

Cumulative operating hours; kWhe

0

2nd half 2008 st half 2009 2nd half 2009 1st half 2010 2nd half 2010 1sthalf 2011 2nd half 2011 Total

—->Over 1 million hours of operation in the field were recorded and
over 600,000 kWh of power produced by the end of 2011.

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013
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Appliance servicing

Servicedeployments (averages, all systems)

-5

i=] i=]
- f]

f=]
ra

=

Service deployments f 1000 operating hours
=
oo

Device generation 1 Device generation 2

Time frame 08/2008 — 06/2011

—>The number of times that service personnel were deployed to fix
faults was reduced considerably. The reliability of the main stack
and reformer components was improved significantly, and the
reliability of the system was increased to up to >97%.

EEE =000 oo raion SemsComoimmeongouin oo
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Efficiency coefficient (CE test standard)

Efficiency coefficient (averages, all manufacturers)
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CE (coefTicient of efficiency) [%]

L]

electric total

Based on net caloric value, NCV

—> Efficiency was improved successively to
electric efficiency >33% and overall efficiency >96%.
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Capacity factor

*) Capacity factor #
efficiency!

Gross capacity factor*) (all systems,
period under review, field test deployment)

- incl. all factors of real- 100
world operation
- full capacity/partial load

operation

- power consumption of
additional heating
device and external

©
o

80

Total capacity factor [%]

70

heating circuit control
- fluctuations flow/ . .
return temperature 60 +— @ Device generation 1
® Device generation 2
50
0 5 10 15 20 25 30 35 40
bezogen auf unteren Heizwert H, Electrical capacity factor [%] Zeitraum 08/2008 — 06/2011

- The capacity factors of the systems were improved.
The electrical capacity factor was >30% and total capacity factor
was >95%.

ERE =00 courorsion SemmsComoimmeongsuin o
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CO, savings potential

Percentage CO, savings potential*)

100
90
80
70
60
50

emissions [%]

40
30

CO2

20
10

Low-temperature boiler Condensing boiler Fuel cell heating appliances

*) Calculated according to residual power value method

- The fuel cell heating devices continue the trend of modern gas
technologies towards reduced CO, emissions.

EEE =0 oo rion Semmscomoimmeonouin oo
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Other advances in quality

Significant reduction in appliance dimensions and weight (up
to 50%)

Pollutant and noise emissions demonstrably lower

Increasingly easy to incorporate into existing building
technology

Significant reduction in maintenance

Increased annual operating times due to modulation tailored to
requirements

Increased power to heat ratio

Proven stack runtimes of approx. 10,000 hours in two-year
field tests

Stack degradation rates decreased further to < 0.2 % per 1000
hours

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013
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Baxi Innotech fuel cell heating
appliance: GAMMA 1.0

CHP section
Type

Output (e/th)
Modulation range
Fuel

Total CHP efficiency

Type
Output
Efficiency

Complete system
Total efficiency
Dimensions (mm)
Weight

Housing

Natural gas pressure
Electrical connection
Operating mode

ERE =0 oo rion SemmsComoimmeongsuin oo

low-temperature PEM fuel cell (70 ° C)
max. 1.0 kwWe/1.8 kWth
approx. 100 — 30% PeN
natural gas, biomethane

Electrical efficiency (NCV) 32%

>91%

Integrated auxiliary heater

condensing appliance
3.5-15 kW or 3.5-20 kW
109% (nN at 40/30 ° C)

> 97% (to EN 50465 with 60/40 ° C flow/return)

600 long x 600 wide x 1,600 high

approx. 200 kg

coated, fully enclosed

20/25 mbar (EN 437)

230 V/50 Hz

power-controlled, heat-controlled, energy manager-controlled;
central control (virtual power plant)
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Hexis fuel cell heating appliance:

CHP section
Type

Output (e/th)
Modulation range
Fuel

Total CHP efficiency

Type
Output
Efficiency

Complete system
Total efficiency
Dimensions (mm)
Weight

Housing

Natural gas pressure
Electrical connection
Operating mode

Galileo 1000 N

solid oxide fuel cell (SOFC)
1.0 kWe/2.0 kWth
100-50%

natural gas, biomethane

Electrical efficiency (NCV) > 30-35%

> 95% (at 40/30 ° C)

Integrated auxiliary heater

condensing appliance
4-20 kW
109% (nN at 40/30 ° C)

> 95% (according to EN 50465 at 60/40 ° C flow/return)
580 long x 620 wide x 1,640 high

approx. 170 kg

coated, fully enclosed

20-25 mbar (EN 437)

230 V/50 Hz

heat-controlled, energy manager-controlled,

remote control option
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Vaillant fuel cell heating appliance

(Technical target values)

Type solid oxide fuel cell (SOFC)
Output (e/th) max. 1.0 kWe/2.0 kWth
Application single-family home

Fuel natural gas, biomethane
Electrical efficiency (NCV) 30%

Total CHP efficiency 80 — 85%

Appliance data

Dimensions (mm) 600 long x 625 wide x 986 high
Weight approx. 150 kg

Housing coated, fully enclosed

Natural gas pressure 20-25 mbar (EN 437)

Electrical connection 230 V/ 50 Hz

Operating mode heat-controlled, energy manager-controlled;

remote control option
External peak heater

Type condensing appliance
Output configuration as required by user
Efficiency 109% (mN at 40/30 ° C)

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013




() callux v

Praxistest Brennstoffzelle fiirs Eigenheim

Lessons learnt ... on selection of test sites

— Selection of sites has to be organised in close co-operation
with the manufacturer (appliance requirements)

— Start as early as possible with pre-selection and selection
— A certain number of sites will not fit to requirements
— Take even care about minimum requirements (gas connection!)

— Take care to select a minimum number of very proper objects
for dissemination and events

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013
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Lessons learnt ... on management of end-users

— End-users doesn’t normally care about the test-condistions

— They expect first of all a reliable system with ideally 100%
availability

— Loss of comfort (heat!) is out of any discussion!

— Define clearly what the end-user can expect and explain them
carefully

— Contracts from utility with end-users recommended

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013
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Lessons learnt ... on contact with utilities

— Development and negotiation of contracts of manufacturers
and utilities takes more time than anyone of us expects (in
Callux up to 2 years!)

— Define clearly the responsibilities in the process
— Define the post-trial-scenario (what happens after the trial?)

— Define a start of the trial time (e.g. 4 weeks after delivery of the
system).

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013
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Lessons learnt ... on data collection & monitoring

— You will never get data in that quality you want to have
— Define responsibilities for the complete data monitoring chain

— Sequence of definition is:
1. Which results we wish to have?
2. Which values do we need therefore?
3. Which measurement equipment is necessary?

NOT vice-versal
— Approach of 10%/90% is the right one

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013
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L essons learnt ... on dissemination activities

— We need to communicate in full professional way

—  Without sufficient communication we will not achieve our
targets!

— Callux has become a strong brand. Can we gain this for
ene.field as well?

— Do not forget the policy! We need them on board by launching
the products

— Try to get synergies with other Fuel Cell and Hydrogen
activities in communication

Callux Project Presentation | Ene.field Consortium Meeting | Berlin | 20.02.2013
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Thank you.
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% Bundesministerium
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und Stadtentwicklung
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