DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Introduction/ &

Speakers in this presentation:

@

@

Jan ten Have — MTSA Technopower :

© Description of the project

@

Jorg Coolegem — Nedstack Fuel Cell Technology

© Results of the project
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Project description/Ji H #id

Demonstration project

=

Production of electricity, 2MWe

=

Use hydrogen as energy source

=

Z  by-product of CA production H

Integration in existing industrial

=

production facility

Use of produced thermal energy

=

Fully automated operation and

=

control

=

By-product water to be used
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Project partners EU project/ 3 B =5 5 -Fk B H

Development project, financially supported by the European Union

Development project partners EU project

AkzoNobel (NL) - Project management

Nedstack (NL) — Stack development

MTSA Technopower - Balance of Plant development

Johnson Matthey (UK) — Optimized MEA production development
Polimi (I) - Process model development
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Project acronym: DEMCOPEM
http://www.demcopem-2mw.eu/

This project is co-funded by the 7th FP (Seventh Framework Programme) —

Fuel Cells and Hydrogen Joint Undertaking
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http://www.demcopem-2mw.eu/
http://cordis.europa.eu/fp7/cooperation/home_en.html

DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Project realization partners/Iii B SZjE /7

Realisation project partners

©  Ynnovate (CN) - Principal, utilities, operation and maintenance of the system

@

Nedstack (NL) - Development and realization of the fuel cells (stacks)

@

MTSA (NL) - Design and construction of the installation (excluding fuel cells),

project management realization

@

AkzoNobel (NL and China) — contract, project support
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

MTSA Technopower

MTSA Technopower designs, builds and maintains customer specific equipment,
installations and machines
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

References hydrogen/S EEYEAH <IN H

‘tuel cell |
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Lay-out/ ¥ T &

Plot plan
2 MW PEM
Power piant
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Fuel cell = basic principle / AR} b — A JFRF

Hy

e

/ Electrode ‘

Membrane H+ -

\ Electrode
-ggn.aé L S
(oo > @

Overall reaction:
2Hy + O — 2H50 + electricitity + heat

0,
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Principle flowscheme/ BB HAER @
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Construction at MTSA/MTSA L] jE Tl
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Instruction and FAT at MTSA/MTSAT.) ¥4 H) WA 51|
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Utilities connection/ T. 2, LI iE#E:
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Commissioning and start-up, SAT/I37 A 2 & el
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Actions — The Product/34T-= 5

Product 1: G2P (demonstrated)

H, gas to Power
Modular: 2 -20 MW
H, purification, if required
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Product 2: P2P

Sustainable Energy Source

]

H, production :
] ’g Decentralized Production
& H, storage - o
& H, gas to Power S ' Gﬂﬁ i
A —CD—
Grid
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Nedstack Focus Markets
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HuaHe Sino-Dutch JV

AR EEGSERKXARAT
ZhangJiaGang City — Jiangsu
Province

Commercial Vehicles
AREXRN
(maturity status: commercialized)

(EFWAE)

7377
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PEM Power Plants
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(maturity status: commercialized)

(EBUIE )

Nedstack
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Marine
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(maturity status: Concept Development)
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70 kW Pilot PEM Power Plant 2
0OFRFRFRBIESEEABIL/RSEINH Nedstack

AkzoNobel £,/ Delfzijl chlorine plant

> 60,000 hours on grid

« Stack life in field conditions
over 23,000 hours

« Uptime > 90%

{ « Reliable operation (10 yrs)
EMTITRKTO6H /N - HEiRE
BN 2A3F /MY - TEK
+90%,

« Very low maintenance costs

« Fully automated, remote
monitoring

* Mobile set-up

Construction by NFNINFSR #EIFTEE ’E\\Ezm S2/E .
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Nedstack’s PPP development / Nedstack PPP

~
“
HAME R Nedstack
2017 2020 2023 Trbes”
"_ | > 1s00emw
———————— Anticipation
Optimisation MW FCPP
; Comblnatlon = b0 sec ramp UP
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Cogeneration of AC-power and heat / & it B 5 &4

Lo

Hydrogen

m ) /2! 65 °C

(C==’

DC power O
Inverter: 400 VAC [ _ — AC Power
(10 kV)
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Results — plant model / & 5-T.] fiB

e Setup of a plant model (Aspen Plus®) with custom PEMFC model based on

Nedstack stack measurements

HYDROGEN LOOP

PEM Fuel Cell
Hydrogen blower

H2 FEED

COOLANT LOOP

@ HX 4
HYDROGEN HUMIDIFIER
DEMI WATER . HEATING LOOP EXHAUST AIR
]
- --@
Coolant HX 1 HX 2 HX 3
G AIR circulation pump DEMI WATER
Air blower RECOVERY
i Demi wat

make-up pump Demi water tank
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Polarization curves as function of current
and time at fixed stoichiometry

’& Nedstack

PEM FUEL CELLS 3

FCH

%
%, \
ey

ol

Property Model

Date 15 Sep 16

Active groups 5/¢

Current [A]

Voltage [V]

Auxiliaries o
power [kW] -1.2%
Coolant flowrate 0.6%

[m*h]

Stack temp. [°C] -1.3%

Heat (available +
waste)
43%

Loop water pump
0.14%

Coolant water pump
0.65%
Air blower

1.43%
H2 compressor

1.15%

Net AC
power DC/AC losses
50% 3.38%

Model validation based on field data
shows minor deviations only <2%
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avg cell voltage (V)

DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Performance data & EEEHE

Stack performance: plant vs. QC test

¢ QC -B-2MW plant
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Plant performance (Bol)

Nominal fuel cell output: 2000 kW

Fuel cell efficiency (LHV): 55 %
Auxiliary consumption: 120 kW
BoP efficiency: 90 %
Electrical efficiency: 50 %

Available heat @ 60°C: >1000 kW

Total efficiency: 80 %
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Accumulated results/ & 145 5

more than 13 GWh,, and 7
GWh of thermal energy
produced

> 800 ton H, recovered,
with avg electric efficiency
()1:’~“z1£)E>6LJ4\/

>14.000 tCO, emission
avoided

Uptime largely determined
by H, and grid capacity
availability

Cumulative gross electric power production [MWh]
Cumulative recovered heat [MWh]
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Avoided 002 emissions [ton]

15000

10000

5000

0

T T T T T T T

T T T

Electricity production |> 13 GWh
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H, recovery > 830 tons

CO, avoided

> 14500 tons
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DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Final remarks /5 )5 &%

PEM technology is a proven technology
Roll out phase design of PEM power plant is available
Aim for further improvement to reduce CAPEX & OPEX

Economic viability of PEM power plant depends on:
Availability of surplus hydrogen

Local market conditions e.g. power price

Capacity of the power plant (economy of scale)

Potential value of heat generated

Possible grants from authorities

Regulation e.g. CO2 emission

& Possible markets: CA, P2P, Maritime, Grid stability

Bl Bl [ EI

[ Bl B B B E

o (71 DEMCOPEM
@ Nedstack — (m), 1% yomw ”

%,
Rt

g



DEMCOPEM-2MW: Demonstration of a combined heat and power 2MWe PEM fuel cell generator

Thank you 5513

”“ Nedstack [Td \TSIW\

Jorg Coolegem Jan ten Have

Manager Customer Development Technical Director

Nedstack fuel cell technology MTSA Technopower B.V.
Phone +31 (0)26 319 7652 Phone +31 (0)26 3844284
E-mail jorg.coolegem@nedstack.com E-Mail jan.tenhave@mtsa.nl

www.demcopem-2mw.eu
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This work was carried out in the framework of the FP7-FCH-JU project “DEMCOPEM-2MW”, cofounded by the
FCH JU under grant agreement n° 621256.
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