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About IRD

IRD A/S is an independent high technology company
devoted to Research & Development and production
of fuel cells and fuel cell systems.

The product range comprises:

- PEM Fuel Cells (PEM FC)
- Direct Methanol Fuel Cells (DMFC)
- Complete Fuel Cell Systems

IRD was founded in 1995 and is now employing more than 35 highly
~_competent colleagues within the Fuel Cell Industry
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About IRD

IRD is producing own MEA’s:
- PEMFC (400 mW/cm? @, 0.7 V)
- DMFC: (120 mW/cm? @ 0.4 V)

IRD produces FC stacks:
- PEMFC: 0.5-3.0 kW
- DMFC: 0.1-1.0 kW

IRD i1s developing systems together
with and for customers and partners

Tl
ajos

DANISH
MICRO

COMBINED
HEAT &
POWER

Heat & Power @NEW Energy WUE}% b

from Fuel Cells Foel cells & hydeaaen for sustainability
hoel cells & hydrogen for sustainability r“l :ﬂ“ “:.“‘I‘lr



The Danish uCHP demo. projec

Implementing

1CHP based on Danish fuel Cells
aimed for being fuelled with NG or
H;

Market mature

\

Demonstration [ Phased |
100 pCHP Demo's
in field test

Phase 2 |
10 uCHP Prototypes

( Phase 1 _
1G PEM & SOFC
S0PEM-HEAP

PEM durability
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The Danish uCHP demo. project

PHASE 1 PHASE 2 PHASE 3
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1. generation Danish micro Prototypes at 100 demon-
combined heat and power units "professional” consurmers stration units
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L¥L ENLAG

The work is partly financed through the following national contracts (in total 10 mio. €):
Phase 1: Danish Public Service Obligations (contract no. 2006-1-6295)

Phase 2: The Danish Energy Authority (EFP-Akt.167 J.no. 033001/33033-0151)

Phase 3: The Danish Energy Authority (EFP-Akt.167 J.no. 033001/33033-0333)
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The Danish uCHP demo. project

East DK (Lolland):

H, fuelled
LT PEM pnCHPs
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The Danish uCHP Lolland team

IRD A/S is an independent high technology SME company devoted to R&D and production

I n. of fuel cells and fuel cell systems

Fael Cell Teshnalvgy Project responsibilities: Design and construction of all LT PEM uCHP units for field test
in Vestenskov. Technical advicer e.g. on electrolyser, installation

©  SEAS-NVE is the biggest customer owned utility company in Denmark with 350,000 customers.
SPEas MY Their core competences are grid operation and delivering electricity & communication services
to the customers in Denmark

Project responsibilities: Phase 3: Coordinator of the full demo-project;
Host for the LT PEM uCHP field test in Vestenskov,
responsible for the H,-generation and -supply

Lolland municipality covers ~891 km? and has 47,000 inhabitants. The municipality is situated
in the SE-part of Denmark. Lolland municipality strongly promotes regional sustainable energy
& climate solutions. All the municipality energy projects is managed through their holding
company, LOKE.

Bl iollondkommune

Project responsibilities: Legal issues e.g. district plan
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2008/9 The IRD B-puCHP unit has the following key

characteristics:

Nominal power: 1.5 kWac
Power range: 0.9-2.0 kW c
Nominal heat: 1.5 kWrg
Heat Range: 0.8-2.0 kWth

Efficiency (LHV) at nominal operation:
Electrical (H,—Ppc) 52%
Electrical (H,—>Pac) 47%
Combined efficiency 94%

Ready-mode Power: 40 Wac

2006/7 The IRD o-pCHP unit has the following key

characteristics:

Nominal power: 1.5 kWAC
Power range: 0.9-2.0 kWAC
Nominal heat: 1.1 kWTH
Heat Range: 0.5-1.1 kWTH

Efficiency (LHV) at nominal operation:
Electrical (Hz—)P DC) 49%
Electrical (Hy—Pac) 43%
Combined efficiency 75%

The IRD LT PEM pCHP

Stand-by-power: 85 Wac
Ready-mode Power:
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Fuel utilization: 99.2% @ Nominal operation (k)
eq. to Ay,=1.01

100 *

p—"

. SSS=c
. /

Fuel Utilisation [%]

— Dead-end operation with H2-purge every minute
— [RDs nCHP
|
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0.0

The IRD LT PEM pCHP
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2008/9 The IRD B-puCHP unit has the following key

characteristics:

Nominal power: 1.5 kWac
Power range: 0.9-2.0 kW c
Nominal heat: 1.5 kWrg
Heat Range: 0.8-2.0 kWth

Efficiency (LHV) at nominal operation:
Electrical (H,—Ppc) 52%
Electrical (H,—>Pac) 47%
Combined efficiency 94%

Ready-mode Power: 40 Wac

The IRD LT PEM pCHP
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150,000 |

Complete LT PEM FC
1.5 kW, LCHP unit incl. heat storage

100,000

50,000

Price € per uni

{

~ The IRD LT PEM pCHP

o

DANISH
MICRO

COMBINED
HEAT &
POWER

Heat & Power @NEW Energy WUE}?{ b

from Fuel Cells

IRD
11

Fuel Gell Technoleny

el cells & hydkogen for sustainability



( ) 75 T T
1 =1 kWe LTPEM UCHP fuelled with H2 from a central elektrolyser
=1 kWe LTPEM pCHP fuelled with H2 from a decentral uPEMEC
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Status (@ Lolland

 Vestenskov village has been choosen for the field test
* Field test in ordinary single family houses
* The B- & y-uCHP is CE-certificated

» A commercial available alkaline electrolyzer is installed

Key numbers elg
- Gas Outlet Pres
- Max Hydrogen prag
- Max Oxygen prodgig
- Continuously H, pI8
- Continuously O, p
+ Gas Purity 99,5 + ;1
e Max electric energ ‘

DANISH
MICRO

COMBINED
HEAT &
POWER

q New Energy Wo;lg;b

e oo sty Fusel G2ll Technoleny

Heat & Power
from Fuel Cells



Status (@ Lolland

* Vestenskov village has been choosen for the field test
* Field test in ordinary single family houses

* The B- & y-uCHP is CE-certificated :
A commercial available alkaline electrolyzer is installed Gae
* A buried H,-grid has been established
* Phase 2 has been completed

Faults, adjustment

q q Other; 13
Phase 3 is on-going:

» the 1% of 35 field test units igprasenily beiff moR——— S ,
‘ L FC- d

- B BOP Comp

[J Control/Comm

[J Heat Storage

H Oth
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Why hydrogen?
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The Danish Power System is Different
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= 44% connected on distribution level e
= 24% wind power installed (presently =3,000+ MW)
= Load: 2.130 — 6.300 MW

Many hours where RE covers the entire demand!
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http://www.klimakommissionen.dk/en-US/AbouttheCommission/TheDanishClimateCommissionreport/Documents/green energy GB screen 1page v2.pdf

Plaire-Told i ease ircwind - poser caoatily, Il lligenl elecbicily consormplicn will -
sLre incorpa-dtion of retewahle Brengy.
Rinmass will play a pivatal -ale.
The no-Lherr Cosopeean elec by rmarkel.
Olbo enewable cncroy socrces will serve will L Turlher inleyraled.
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The transport sectorwill ke cowvarted 10
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Why hydrogen?

4,000 Electricity consumption
[ West Denmark —— Electricity produced by Wind
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Why hydrogen?
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| West Denmark

19914

DL

N/ N
3,000 \\/ \ /\ I\ ~ \ 400

/
CTA T\ ] I~
ANV B N \n

\V
E 2,000 W \/ \“i/ 7 200
= \ ) \,i\
1,000 — — I \\\A\ 0
e _

— Electricity consumption
— Electricity produced by Wind
== Electricity spot-market price

 [MMI/aal ud ysaew-jods Ay

~ DANISH T

% MICRO &,

COMBINED
HEAT &
POWER

Heat & Power @NEW Energy WO;!%' P

from Fuel Cells

s e ey Fusel G2ll Technoleny



Why hydrogen?

Residual market first 8 weeks
8,000

X1 This profile needs a lot of expensive regulating power
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Why hydrogen?

4500
The Danish future need for power regulation (6,000 MW wind)
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Hydrogen 1s one of the future solutions

Technologies and requirements to regulation
Response times

W Batteries, FC’s, Electrolysis = Seconds and minutes
" Air Storage (CAES) = Minutes and hours

®  Heating Systems = Hours and days

®=  Flexible consumption = Whole spectrum

The faster reaction time the more money to be made!
Future solutions
®  Electric Vehicles that can use/supply electricity to the grid
B pCHP that can (use)supply electricity to the grid
®  Consumption on/off

- Production o hydrogen/synga§/s¥fnthetic natural gas/biofuels
Lol “&, i 1"__| ’e’-' _‘_-:_..- e i i .
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Advantages of hydrogen fuelled LT PEMFC nCHPs

* Suitable for regulation (fast response)
* Less power grid loss (6%)
 Less need in grid investments for heat distribution

» A reduction in the need for new investments in central
power plants (will be replaced by virtual power plants)

* A CO, reduction of up to 5 tons per year per ’single
family house’ 1s estimated when ’green’ fuel from
renewables are use e.g. hydrogen from Wind
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When are FC H,-fuelled pCHPs commercial
available?
The technology will be commercial when:
 The technology is cost competitive with other technologies
* Hydrogen 1s an affordable fuel

 The lifetime targets for stationary applications 1s met

This can be moved forward by:

e Implementation of further RE like wind power

 Higher CO, taxes
* Public economic support to FC based uCHPs
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When are FC H,-fuelled pCHPs commercial
available?

The technology will be commercial when:
 The technology is cost competitive with other technologies
* Hydrogen 1s an affordable fuel

 The lifetime targets for stationary applications 1s met

The FCH JU has already these focuses e.g. through support to
the KeePEMAIlive (Grant agreement no.: 245113) &
__the PrimoLyzer (Grant agreement no.: 245228) projects
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Thank you for your attention !
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