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Nedstack

PEM FUEL CELLS
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We are dedicated to
designing and producing

the best value for money
PEM fuel cell stacks in
the market.

Nedstack
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Nedstack’s PEM fuel celi
technology in the Chlor-Alkali
Industry
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Company Profile “
Nedstack
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* Founded in 1999
AT AL ILF 19994
« Based in The Netherlands
REMITFfa=
* Independent fuel cell stack manufacturer
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Supplier to system integrators, serving world-wide markets

MEFHEN BRI RAEKE - RS 2IKMIT
- Installed base in Europe, US, Africa, Asia

SSITHEEBEMEUN, E£E. JEMFIIOM

- Extensive system integration know-how

MEB VT RERGEREZTN SRS

 Member of a Dutch-based group with over
40 years worldwide experience in prime power,
power generation and UPS-solutions
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Fuel cell — basic principle
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Overall reaction:
2H5 + Oy - 2H>0 + electricitity + heat
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Unique features of the Nedstack
PEM fuel cell stack Ned:fjf:w
== ATl F R R EEMIERG T '

Unique features
MmiFs

* Product range allows for fit for purpose

choice:

FmxitEREE 7

- Power range: 2-15 kW per stack

- HP for low cost and back-up: > 4,000 hr &
> 1250 start-stops

- XXL for long life : > 20,000 hr

HP High Performance XXL eXtended Life

Backup power
for Telecom,
Rail, Utility
substation

Liquid cooled

BA R

Baselodiones + High fuel efficiency

for Telecom | ety
AR R H

— * Low parasitic losses

material handling 1& Ij\] BE.
Chlorine

pore « Easy to integrate, reliable and robust
» Plants N PNy
ZHE - Ol SEFFMT A
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FCS2

FCS5

FCS8

FCS 10

Large scale

(stackable Backup
to1 MW and

higher)




Nedstack Focus Markets
M ATEENTT Nedstack

Nedstack Commercializes Multi-Purpose stacks with superior lifetime and reliability

for heavy duty applications.
=28 T aZHE - KEWMSRE - OEMRNEREATESERN it -

Commercial Vehicles PEM Power Plants

REXRD T YA EEDL

(maturity status: commercialized) (maturity status: commercialized)
(EFEWIE) (EEUIE )
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Nedstack powered FCEV Bus ()
FZSEATMREEARE -

IAA 2017 Inauguration of the Ursus FCEV Demo Bus
2017EEEMRE MR SEARETH Ea 1L
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HuaHe - Company Profile 2
IR ERNKAERATD Nedstack

PEM FUEL CELLS

Name HuaHe Hydrogen Electricity Technology Co. Ltd.

Location ZhangJiaGang City — Jiangsu Province

Founded Dec. 12, 2017

Ownership Sino-Dutch Joint Venture

Highlights HuaHe main location

Business Scope:

Development, production, verification, sales and
servicing of:

— PEM type Fuel Cells and;
— PEM Type Fuel Cell Engines;

Application Markets:

China Commercial Vehicle Market.

(office Address) No. 9, Guotai Rd,

Production Capacity Zhangjiagang City, Jiangsu

3.000 PEM Fuel Cell Engines / Annum PR.O.C.
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PEM Fuel Cell Power Plants in CA industry 2
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|
BoP Module FC Stack Module
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Nedstac } L Vet
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Containerized Housing Service & Control Room
MRGERE—INELXHEN jenek| =
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70 kW PEM demonstration Power Plant 2
0FEFRFRMIES s ABILT/RSE 1IN B Nedstack |

AkzoNobe‘Iy Delfzijl chlorine plant

> 60,000 hours on grid

« Stack life in field conditions
over 23,000 hours

« Uptime > 90%

{ « Reliable operation (10 yrs)
HEMTITRKTO6H /N - HEiRE
BN 2A3TF /MY - BITERK
+90%,

« Very low maintenance costs

« Fully automated, remote
monitoring

* Mobile set-up

MR - £BRME -

FRIRTE - Bohgit -
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High fuel cell efficiency, (V]
low auxiliary losses Nedstack
e T be 803

=SB - (EAKE

Operating point for MW PEM Power Plant at 55 % efficiency
KERBIIDITEH REFEREREER{EERNAS5%

Efficiency 100 -
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FCS-XXL stacks: stable performance, long life &
FCS-XXLEBjthifEE: « UEIBE - KE® Nedsix
* Unique stack performance and lifetime under real, industrial conditions (Delfzijl) |
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Average decay
rate 2.3 uV/hr

10% decay:

projected lifetime
~30,000 hr

0 5000 10000 15000 20000
Operational hours




Cogeneration of AC-power and heat &
a=s B2 ) M Nedstack
ﬁl)ll. ) %I\\\ 1=I= 17 b st

Hydrogen

Fuel eellis ) Heat 65 °C

DC power O

Inverter: 400 VAC ‘ _ AC Power
(6-10 kV)
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A

Recover the energy content of waste hydrogen @
MEFHNSSPEHIKINGES Nedjf;c:w

« 20% of a chlorine factory’s electricity consumption can be recovered
through fuel cells

B ARIER M 20% e & As L] EBREBFE R R B -
» Heat from the fuel cell can be used to preheat the brine.
PR ER I P A RO FAEE O] DA A SR TR K -

19 kton/a caustic production PEM Power Plant
consumes 5 MW 1 MW

—ew  ElECLricity +

1 MW heat

480 tpa

Hydrogen
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1MW PEM Power Plant QY oAy
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2MW PEM Power Plant l@\’nnuua_te
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2 MWe PPP consists of 6 fuel cell groups ()

2 E St A 6 A Nedstack

Stack container

e

EPC/Construction FINT S\

TECHNOPOWER
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(Remote) monitoring & control 2
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PEM FUEL CELLS

T7 besn

« System can be remotely monitored and operated
R4 O iR R E SIS

« Stack performance in the plant can be individually monitored:
BB ISR DRI A O] DA R AR i

;]:'J'r.'
T

Cell Voltage Monitoring w017-01-17 ”“
Data Viewer bosaad
Nedstack

TociCatumit | ke [ staeis Stck Pctormane

Overall Power & Efficlency

2 MW Fuel Cell Unit Overall FC Power 2009 kW Overall £C Efficiency,
Group 01: Inverter E/1 410 Group 02: Inverter E/1 420 Group 03: Inverter E/1 430 Group 04: Inverter E/1 440 Group 05: Inverter E/1 450 Group 06: Inverter E/1 460
DCPower 330 kW DCPower 334 kW DC Power DC Power | 55 k1 OC Power

FC Efficiency Inv. 49 % FC Efficiency Inv. 49 % FCEffiiency lnv. 45 % FCEffiiency Inw. 55 % FCEffiiency Iov. 50 % FC Efficency Inv. 54
DC Valtage €517 DCVoltage €51V DCVoltage €53V DC Voltage 729 ¢ 0C Vohage 665 v DCVoltage 711 ¥
Avg.Stack Cure. 126 4 Avg. Stack Curr. 126 A Avg. Stack Curr. 120 4 Avg.Stack Curr. 115 4 Avg.Stack Curr. 172 A Avg. Stack Curr, 115 A

WM MM Mo M M
A1 (1 (125 13 1 17 16 113 W2 127 1™ 13 6 |17 (19 119
Min. Relatie 096 | 096 Min, Relative 096|056 096 096 Min, Relative 096|056 085 097 Min. Relatece 056|056 095 096 Min. Reletve 057|097 095 097
Ag.OVmY) 68 e |67 |67 AV V) 67 67 |87 6 Avg. OV (V) €23 4 625 Avg.CYln¥) 700 |70 (88 70 Avg.CVInV) 635 (6% (635 638 Avg.CV (V) 684 |64 634 fBe
Lomest Stack/Cel 04/54 04716 |08/05 |03/47 021 0875 Lomest StackiCen 05/15 04763 |01/36  02/60 07783 0175 @/ Lowest Stack/Cel 06753 (04768 |05/24 1018 Lowest Stack/Cell 03,57 (06726 08/03 06/57
Iavg  Imin  CVavg. Rel s Imin Vg Rel lavg. Imin CVavg. Rel g Imin CVavg. Rel Twg. Imin. CVavg. Rel Isg lmn. CVavg Rel

Tieme (min) Tirme (i) Tirme (rmin) Tieme (min)
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Performance data

TERESX:

Stack performance: plant vs. QC test

0.80

/[=]

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

0.70

* Nominal fuel cell output:

0.60

\‘ «  Auxiliary consumption:

0.50
0.40

« BoP efficiency:

0.30

« Electrical efficiency:

avg cell voltage (V)

0.20

0.10

e Available heat @ 60°C:

0.00

« Total efficiency:

CONFIDENTIAL

100 200 300
stack current (A)

Fuel cell efficiency (LHV):

Nedstack
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2000 kW
55 %

120 kW
90 %
50 %

>1000 kW
80 %
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Cumulative O-emission energy productionup &

FE2018FE = EHREE NS HEN T bt

Energy / H2 recovery / CO2 reduction Electrical and thermal Efficiency
12000 800 100 ———
Electric power :
Available heat 00 - Electric
10000 = Avoided CO2 emissions I Thermal
== Recovered hydrogen

600
8000
500

6000 400

Efficiency [%]

300
4000

200

Avoided CO2Z emissions [ton]

2000

Cumu lative hydrogen recovery [ton]

100

Cumulative electric power production[MWh]
Cumulative recovered heat [MWh]

R I O I O (I B R
Q\ Q'\ Q'\ Q'\ Q'\ Q'\ Q'\ Q\ Q\ Q'\ Q'\ Q'\ Q'\ Q'\ Q'\ Q\ /\6@
PIPPILPPP PP P PP P A
FESE LR Y PF O

CONFIDENTIAL 19




Nedstack’s PPP development %

=SB gBEtBItEALE Nedstack

EEEEEEEEEEEE

2017 2020 2023

MEA |-

MEA

Stack

System |

MW FCPP

< 60 sec ramp- up

f
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Example for 2 MW PEM Power Plant ()

2JR ELEB UL A Nedstack
Annual cash, € ‘000, example only (&Ml : k, NHEHSE) |

Power revenues _ 1700 (€ 100/MWh)

Heat value . 300 (€ 20/MWh)

Local incentives l 200 (€ 13/MWh)

Gross margin 2200

Stacks and maintenance costs

Capital

Investment

Annual cash contribution € 6 million
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“
Nedstack
Tr be 83
Thank you
>
\ AkzoNobel
Nedstack SPECIALTY CHEMICALS
Jorg Coolegem (2713) Min Hu (#i#2317)
Manager Customer Development MDTS Manager
Phone +31 (0)26 319 7652 Phone +86 18302149285
E-mail jorg.coolegem@nedstack.com E-mail min.hu@akzonobel.com
TV DEMCOPEM
L) 2MW
This work was carried out in the framework of the FP7-FCH-JU project “DEMCOPEM- FCHR.
2MW?”, cofounded by the FCH JU under grant agreement n° 621256. A §

%, »
K
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