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Ingenieurbiiro Ortwin Faul

Hedertsweiler 2
88696 Owingen

Berechnung der Wirtschaftlichkeit einer Biogasanlage

Name

Biogas GbR
Adresse Spitzenhof 2
PLZ Ort

Substrateinsatz

NawaRo’s
Anbauflache
[ha]
Maissilage 40
GPS 82
Grassilage 75

Getreide u. Maisschr.
Sonnenblumen
Stroh

Gesamt NawaRo’s

Gasertrag NawaRo's
Methangas

Biogas NawaRo’s

Tierhaltung 156 GV
Anzahl
Flissigmist

Kihe 130
Bullen

Mist

Kihe

Bullen

Gesamt Tierhaltung

Gasertrag Tierhaltung
Methangas

Biogas Tierhaltung

R. u. M. Gaimeyer

78234 Engen-Bargen

Ertrag
[to/ha]
45

38

23

7

Gewicht

600
100

600
167

Tel: 07733/8422
Fax: 07733/978949
mobil: 0173/6605942
Email:

Tel: 07557/9298431
Fax: 07557/9298432

rainer.gaissmeyer@t-online.de

WWW.

Substratmenge tagl.
[to/d]
4,932
8,537
4,726
0,890
0,055
0,167

19,307 to/Tag

2.061 m3/Tag
3.944 m3/Tag

Substrat  Substrat
GV anfall menge
[kg/GV d] [to/d]
156 55 8,580
45
55
45

8,580 to/Tag

141 m3/Tag
256 m3/Tag

Summe Ertrage aus Substrateinsatz

Substrate aus NawaRo0’s und Tierhaltung

Methangas

Biogasertrag aus NawaRo’s und Tierhaltung

Substratanteil NawaRo’s
Substratanteil Tierhaltung

Kalkulation GaiBmeyer 385kW 2014-10-17.xIsx

69,2 %
30,8 %

27,887 to/Tag
2.202 m3/Tag

4.200 m3/Tag

Anteil Biogas
Anteil Biogas

Substratmenge jahrl.

[to/a]
1.800
3.116
1.725

325
20
61

7.047 to/Jahr

752.175 m3/Jahr
1.439.467 m3/Jahr

Substrat
menge TS %
[to/a]
3.132 9,0
9,0
22,0
20,0

3.132 to/Jahr

51.389 m3/Jahr
93.434 m3/Jahr

10.179 to/Jahr
803.564 m3/Jahr

1.532.901 m?/Jahr

94 %
6 %

Seite 1



Ingenieurbiiro Ortwin Faul

Kenndaten Biogasanlage

Hedertsweiler 2
88696 Owingen

Tel: 07557/9298431
Fax: 07557/9298432

BHKW

elektr.

Leistung elektrischer thermischer Gesamtfeuerungsleistung
Hersteller [kW] Wirkungsgrad [%] Wirkungsgrad [%] [kW]
BHKW 1 135 kw 55 36 48,5 153
BHKW 2 330kw 330 38 45 868

385 37 46,75 1021
Methangas gesamt 2.202 m3/Tag 803.564 m3/Jahr
Zindolanteil 0%
Zundélmenge 0 Liter/Jahr 0,00 Liter/Stunde 0,00 kg/h
Bruttoenergie 8.035.637 kWh/Jahr 669.636 kWh/Monat
Elektrische Energie 2.973.186 kWh/Jahr 247.765 kWh/Monat
Warmeenergie 3.686.831 kWh/Jahr 307.236 kWh/Monat
Gesamtdurchschnitt Laufzeit taglich 21,2 h
Verfugbarkeit 88% Vollaststunden/Jahr 7.723 h

Verbrauch: 198 m3/h

'Verbrauch BHKW 1 28 m3/h| BHKW 2 170 m3h| 'BHKW 3 |
Fermenter 1 (Ring in Ring bauweise - Aussenring)
Durchmesser 36,5m Inhalt Brutto 3.564 m3 Flache Wand 695,5 m2
Hoéhe 6 m Inhalt Netto 3.267 m3® Flache Boden/Decke 1069,4 m2
Anzahl 1 Gasraum 05m Gesamt 2834,4 m?
Fermenter 2 (bestehnder Behalter)
Durchmesser 16,0 m Inhalt Brutto 1005 m3® Flache Wand 257,6 m2
Hohe 5m Inhalt Netto 905 m® Flache Boden/Decke 211,2 mz
Anzahl 1 Gasraum 0,5m Gesamt 680,1 m2
Garrestlager (Ring in Ring bauweise - Innenring)
Durchmesser 24,0 m Inhalt Brutto 2.714 m3 Flache Wand 459,9 m2
Hohe 6 m Inhalt Netto 2.488 m3 Flache Boden/Decke 467,6 m2
Anzahl 1 Gasraum 05m Gesamt 1.395,1 m2
Garrestlager (bestehender Behalter)
Durchmesser 14,0 m Inhalt Brutto 616 m3 Flache Wand 181,0 mz
Hohe 4 m Inhalt Netto 523 m3 Flache Boden/Decke 162,9 m2
Anzahl 1 Gasraum 0,6 m Gesamt 506,7 m2
Verweildauer 117 Tage
Verweildauer Fermenter 1 u. 2 150 Tage
Verweildauer FE1, FE 2 u. GL 239 Tage
Verweildauer gesamt 262 Tage
Substratmenge 27.887 kg/Tag
oTS 6.882 kg/Tag
0TS-Gehalt 24,7 %
Verdiinnen auf 25% 0 kg/Tag 0 to/Jahr 27,2
Gesamt Substrat/Tag 27.887 kg/Tag 10.179 to/Jahr
Abbau durch Garprozess 20 %
Garrestanfall 22.421 kg/Tag 8.184 to/Jahr

Raumbelastung FE 1
Raumbelastung FE 1 u. 2
Raumbelastung FE u. GL

2,1 kg oTS/m3,d
1,6 kg oTS/m3,d
1,2 kg 0TS/m3,d

Kalkulation GaiBmeyer 385kW 2014-10-17.xIsx
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Ingenieurbiiro Ortwin Faul Hedertsweiler 2 Tel: 07557/9298431

88696 Owingen Fax: 07557/9298432

Garrestlager
Gullelagune vorhanden Inhalt 3.600 m3

Summe: 3.600 m3
Summe Garrestlager gasdicht: 3.012 m3
Summe Garrestlager offen: 3.600 m3
Summe Garrestlager gesamt: 6.612 m3
Warmebedarf Fermenter bei Gartemperatur 42 °C
Isolierung Dicke 8 cm Leitwert 0,045 W/mK
Prozesswarme durchschnittlich 6% der Bruttoenergie

12% der Warmeenergie

Garrestlagerbedarf
Garrestanfall 8.184 t/a
Substrat-Input in 243 Tagen 6.777 m3
bzw. 8 Monaten V: 0 m3
Biologischer Abbau 1.328 m3 £ Om
Garrestlager gasdicht (Nettovolumen) 3.012 m?
Garrestlager offen 3.600 m3
Oberflachenwasser, Sickersaft 600 m3 in 243 Tagen
Bedarf Garrestlager -563 m3

Kalkulation GaiBmeyer 385KW 2014-10-17.xlsx Seite 3



Ingenieurbiiro Ortwin Faul

Ertrag Stromerzeugung

Hedertsweiler 2
88696 Owingen

Tel: 07557/9298431
Fax: 07557/9298432

BHKW gs BHKW sat Gesamt

Ertrag taglich [kWh] 8.146 0 7.926
Ertrag monatlich [kwWh] 247.765 0 247.765
Ertrag jahrlich [kWh] 2.973.186 0 2.973.186
Eingespeiste Menge [kWh] 2.750.197 0 2.750.197
Eigenverbrauch Biogasanlage
Rihrwerke 2,3% 68.383 kWh
Substratpumpe 0,5% 14.866 kWh
Umwalzpumpen 1,3% 38.651 kWh
Steuerung/Luftung 1,2% 35.678 kWh
Gasgeblase 0,8% 23.785 kWh
Feststoffeintrag 1,4% 41.625 kWh

7,5% 222.989 kWh
Eingespeiste Strommenge 2.750.197 kWh/Jahr
Einspeisetarif Boni

Inbetriebnahme Jahr

bis 150 kW 11,33 6,00
bis 500 kwW 9,75 7,00
> 500 kW 8,25 4,00
bis 150 kW 1.314.000 kWh
bis 500 kW 4.380.000 kWh
Uber 500 kW

Erlés aus Stromverkauf
Durchschnittlicher Einspeisetarif

Ertrag aus Stromverkauf
Mehrwertsteuer 0%

Gesamtertrag Stromerzeugung

Kalkulation GaiBmeyer 385kW 2014-10-17.xIsx

2005 Nawaro

Gulle Formaldehyd Degression
4,00 2,00 ct/kWh 1%
1,00 2,00 ct/kWh
0,00 0,00 ct/kWh
1.314.000 kWh 306.556 €
1.436.197 kWh 283.649 €
0 kWh 0€
590.205 €/Jahr
21,46 ct’/kWh

590.205 €/Jahr
0,00 €/Jahr

590.205 €/Jahr
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Ingenieurbiiro Ortwin Faul

Ertrag Warmenutzung

Warmeabgabe

Jahressummen: 0 kWh

Erlos Warmeverkauf:
Stromkennzahl BHKW:

KWK-Bonus:
Erlos KWK-Bonus:

Gesamtertrag Warmenutzung:

Kalkulation GaiBmeyer 385kW 2014-10-17.xIsx

Hedertsweiler 2
88696 Owingen

0 ct/kWh

1,000

2 ct/kWh

Tel: 07557/9298431
Fax: 07557/9298432

Entspricht
42.100 Liter Heizol

421.000 kWh

0€

8.420 €
8.420 €
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Ingenieurbiiro Ortwin Faul

Anlagenkosten:
Nettobetrage

Teil 1, Erdarbeiten, Planung

Hedertsweiler 2
88696 Owingen

Sonderkosten Technische Anlagenteile Bauliche Anlagenteile
Erdarbeiten, Aushub, Anfillen 35.000
Kranarbeiten 2.000
Wegebau 5.000
Planungskosten 3,0% Anlagenkosten 27.986
- Anlagenplanung

- Genehmigunsplanung

- Bodengutachten

- Prifstatiker

- Bauleitung

- Bauabnahme

- Baugenehmigung

Inbetriebnahme BHKW

Inbetriebnahme Steuerung 2.000
Abnahme Sachverstandiger 3.200
Sonderkosten 3,0% der Anlagenkosten 27.986
Entsorgungskosten 1.200
Lohnkosten, Fremdldhne, Eigenleistung

Summe Teil 1 0 104.372

Teil 2, Feststoffeintragssystem
Feststoffeintragsystem 38 m?3
Fundamente

Montage

Summe Teil 2

Teil 3

Fermenter

Rihrwerke Fermenter
Uber-/Unterdrucksicherung
Bullaugen

Temperatur- und Fillstandsmessung

Fermenter mit Betondecke 616 m3
Isolierung 507 m?
Betonschutzfolie, ggfls. Anstrich
Aussparungen, Rohrdurchf
Leckageerkennung

Erdung

Aussenverkleidung 696 m?
Heizung VA

Nachgéarer

Ruhrwerke Nachgarer
Uber-/Unterdrucksicherung

Bullaugen
Temperatur- und Fillstandsmessung
Nachgarbehalter 1

Isolierung und Estrich
Betonschutzfolie, ggfls. Anstrich
Aussparungen Rohrdurchf und Mannloch

Kalkulation GaiBmeyer 385kW 2014-10-17.xIsx

Technische Anlagenteile Bauliche Anlagenteile

0 0

Technische Anlagenteile Bauliche Anlagenteile

26.000
4.350
1.500
500
38 €/m? 468.000
20 €/m?2
10.000

4.000

22.800

26.000
4.350
1.500
1.200
0 €/m3 0
0 €/m2 0
10.000

Tel: 07557/9298431
Fax: 07557/9298432

104.372 €
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Ingenieurbiiro Ortwin Faul Hedertsweiler 2 Tel: 07557/9298431
88696 Owingen Fax: 07557/9298432

Leckageerkennung

Erdung

Seegerverschluss

Tragluftdach A21m, 1.300 m3 40.000
Heizung VA

Summe Teil 3 52.000 568.200 620.200 €

Teil 4 Technische Anlagenteile Bauliche Anlagenteile
Endlager

Pumpstation

Pumpe Befullung Fermenter

Pumpe Entleerung Fermenter

Fundament/Schacht

Gebéaude

Warmeverteilung 4.500
Handbedienung

Druckluftversorgung 500
Entschwefelung 2 mal 1000 2.000

Summe Teil 4 7.000 0 7.000 €

Teil 5, BHKW Technische Anlagenteile Bauliche Anlagenteile
BHKW 2
BHKW-Modul komplett 330 kW 330 kwW
Einbindung Wasser, Gas, Abgas, Strom, Luftung
Ausbau BHKW fir Regelenergie 20.000
Warmeverteilung
Summe Teil 5 20.000 0 20.000 €

Teil 6, Elektrik, Steuerung Technische Anlagenteile Bauliche Anlagenteile
Anlagensteuerung 18.000
Anlagenverdrahtung 16.000

Netzanschluss

Trafostation
Summe Teil 6 0 34.000 34.000 €

Kalkulation GaiBmeyer 385kW 2014-10-17.xIsx
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Ingenieurbiiro Ortwin Faul Hedertsweiler 2 Tel: 07557/9298431

88696 Owingen Fax: 07557/9298432
Teil 7, Gas- /Substratleitungen Technische Anlagenteile Bauliche Anlagenteile
Gasleitungen 13.000
Gasspeicher in Container
Substratleitungen 8.000
Luft-/Wasserleitungen 1.200
Rohre Warmeverteilung 50 m 60 €/m 3.500
Kondensatabscheidung 800 2.500
Summe Teil 7 800 28.200 29.000 €
Teil 8, Sonstiges Technische Anlagenteile Bauliche Anlagenteile
Beschilderung 350
Feuerloscher 250
Dokumentation 4.350
Planung 10.000
Summe Teil 8 0 14.950 14.950 €
Teil 9, Zusatze Technische Anlagenteile Bauliche Anlagenteile
Fahrsilo 10 Mon. 3827 m3 100.000
incl. Erdarbeiten Fahrsilo
Vorgrube
Pumpe und Rihrwerk Vorgrube
Rohrleitungen VG-FE
Anschluss Stall
Fullstand VG digital 550
Fullstand VG analog 2.800
Summe Teil 9 0 103.350 103.350 €
Anlagenkosten 9% 91%
Gesamtkosten Netto 79.800 853.072 932.872 €
Mehrwertsteuer 0% bei Vorsteuerabzug 0 0 0
Brutto Anlagenkosten 79.800 853.072 932.872 €
Gesamtinvestition: 932.872 €
Investition/kW 2.423 €/kW

Kalkulation GaiBmeyer 385KW 2014-10-17.xlsx Seite 8



Hedertsweiler 2
88696 Owingen

Ingenieurbiiro Ortwin Faul

Jahrliche Kosten

Tilgung
Technische Anlagenteile (8 Jahre)

Tilgung
13%
Bauliche Anlagenteile (10 Jahre) 10%

Tilgunskosten

Zinsansatz 1/2 Neuwert

Kapitaldienst bestehende Anlage (€/Jahr)
Versicherung

Wiederkehrende Prifungen
Umweltgutachter

3,5%

Wartungsvertrag:

Wartungskosten BHKW 12,0%

Ersatz BHKW in funf Jahren
Wartungskosten Anlagentechnik 4%
Wartungskosten BHKW Bestand, incl. Revision Motor
Wartungskosten Anlagentechnik Bestand

Pacht

Biologische Betreuung

Zindol (Pflanzendl/Biodiesel)
Zwischensumme jahrliche Kosten

98.000
48.000

0,2%
1,05 €/l

Anteil am Erlés

Arbeitszeit 4 Stunden/Tag a 28 €
Kosten Maissilage 1845 €/ha 41 €/to
Kosten GPS 1254 €/ha 33 €/to
Kosten Grassilage 644 €/ha 28 €/to
Kosten Getreide u. 1260 €/ha 180 €/to
Ausbringkosten Substrat 8.184 to 1,5 €/to

Zwischensumme Substratbereitstellung
Anteil am Erlos

Gesamtkosten jahrlich

Erlos aus Stromerzeugung
Erlés aus Warmenutzung

Gewinn
Rendite statisch

Kalkulation GaiBmeyer 385kW 2014-10-17.xIsx

Investition
79.800

853.072

932.872
466.436

230.925

38,58 %

289.064

48,29 %

Tel: 07557/9298431
Fax: 07557/9298432

Kosten
9.975 €

85.307 €

95.282 €
16.325 €
60.500 €
5.800 €
1.500 €
3.500 €

11.760 €
7.200 €
3.192 €

16.000 €
8.000 €

0€
1.866 €
0€

40.880 €
73.800 €
102.828 €
48.300 €
10.980 €

12.276 €

519.989 €

590.205 €/Jahr
8.420 €/Jahr

78.636 €/Jahr
8,4%
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Ingenieurbiiro Ortwin Faul

CO,-Einsparung
Strom
Warme (Heizol)
Zundol

Kalkulation GaiBmeyer 385kW 2014-10-17.xIsx

Hedertsweiler 2
88696 Owingen

0,567 kg/kWh
2,9 kg/L
2,9 kg/L
Insgesamt

Tel: 07557/9298431
Fax: 07557/9298432

1.559 to/Jahr
122 to/Jahr
0 to/Jahr

1.681 to/Jahr
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Technical Specifications

Alkaline Hydrogen Generator
HySTAT ®-60/10 (60Nm?, 10bar)

Hydrogenics Europe NV, On-Site Generation www.hydrogenics.com

Hydrogenics Corporation

Nijverheidsstraat 48-C, Oevel, B-2260, Belgium 220 Admiral Blvd., Mississauga, Ontario, L5T 2N6 Canada

Tel: +32 14 46 21 10

Tel: +1 905 361 3660




$QQH]

+\ 6 7-6071@ Outdoor Version

Revision 1109

TABLE OF CONTENTS

L. INTRODUCGTION. ..ottt e e s e e e e e s s bbb et e e e s s e bbb e e e e e s s s ab b e e e e e s e s s s b b ba e e e s 3.

S Y 1N AP TP PP RTPRPPPPPPI 3.

3. QUALITY ASSURANCE ... e e s e e e e s e e e e e e s b e b e s 4.

4. RELIABILITY AND AUTOMATIQN. .. .ottt e e e e e e s s re et e e e s e e e e e e e s e nannnees 4..

5. SCOPE OF SUPRLY .. .ottt e e e e s s e e e e e s s et r e e e s s s b ear e e s 5.
1.1, CONTAINEBETUR......ooiiiiii e 5.
1.2, PROCETFBOOM. ...ttt ettt et e e a4 a4 ettt e e e e e e s e e e ettt e e e e e e e n e s B
1.3,  GENERARURPOSEOOM. ... .uuttiiiiiiieieiiiiiite ettt e e e e ettt et e e e e e a4 s e e et e e ee e e e e e sa s sr s rr e s e e e eaeeeeeenenae 8o
1.4, ADITIONAIOPTIONS.. .. cteeitttieee ettt e e et e et et e e e e s st e e et et e e e e e e e s s s e e e e et et e eeesesaasnnnnrnreees 12.........

6. TECHNICAL SPECIFICATIONS ... . ottt ettt e e e s e e et e s r e e e e s e s r e e e e e e snnrnnees 14,

7. GENERAL LAYOUT ... it bbb e e e e s s e e e e e s s s b e et e e e s s st b aae e e e s 15.

8. CODES AND STANDARDS ...ttt e e e et et e e s s et e e et s b e e et e e e s s snnreeeeeesennns 16.

9. DOCUMENTATION. ... .ottt e e r e s e s s e e e e e e s s e bbb e e e e e s s s st b e e e e e e a s 16.

10. LIMITS OF SCORE......ooiiiiii ittt ettt ettt e e oo b ettt e e 4 e b e et e e e e e e s e E e et e e e s e sanr e et e e e e e sanrnreeeeeenans 16.

L1, EXCLUSIONS.. ..ottt e e e s st e e e e s s s b et e e e e s s s bbb e e e e e s s s b e b e e e e e e s s b e nn e e e e e e s 17..

12, DISCLOSURE ..ottt ettt e oot h et e e o1 e s e et e e e e e s s b e e et et e e e e b e e ettt e e e e n e e et e e e e a e e een s 17.

Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications

and models showns in this document. These are not necessarly showing the equipment that will be installed in your system Page 2 of 17



$QQH[ +\6 7-6071@ Outdoor Version
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1. INTRODUCTION

The +\67$70/10 Outdoor Version is an all-in hydrogen generator producing 60 Nm3h of
hydrogen at a purity of up to 99,998 % and a pressure of 10 bar(g). Hydrogenics has designed a
PRGLILHG ,62 ¢ KLJK FXEH FRQWDLQHU WR KRXVHOWWHN KTRURBHQW

Implementation of a +\67$7E& 2XWGRRU dhHheVduRder site is thus greatly reduced
compared to the installation of a skid based hydrogen generator into an existing building.

Hydrogenics has a long history of building outdoor solutions for customers all over the world and has
carefully designed a high performance standard, in compliance with the latest international codes and
standards applicable for hydrogen production.

 2XWGRRU +RXVLQJ RI D VW GOQGDrld Gtat M6 0hPEECcapacity of 60 Nm3/h

2. SAFETY

7KH +\67%$7C& KDV DQ H[FHOOHQW UHFRUG RI VDIH BQHH®IKWRQ XQ
customers worldwide, including major industrial gas companies, power plants, metallurgical plants,
nuclear plants, float glass plants, etc.,

$W +\GURJHQLFV ZH FDUH DERXW RXU FOLHQWIYDWDLR®AD OF RWEQ\E D L

CE (ATEX directive 94/9/EC)

GOST/Rostechnadzor (as an option)

NRTL/UL/CSA (as an option)

Successfully completed Hazop studies from major industrial
gas companies

x 1SO 22734-1 2008

X X X X

Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications
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Every HySTAT features:

Minimal gas presence in the system

PROFISAFE Protocol

Continuous Hydrogen in atmosphere detection

Ventilation (on optional enclosure)

Fail safe logic for all parameters

Uninterruptible Power Supply (UPS) ensuring safe shutdown in case of power failure
Constant monitoring purity gas production

Multiple control systems

Multiple redundancy on critical safety parameters

X X X X X X X X X

3. QUALITY ASSURANCE

x 1SO 9001:2008, ISO 14001:2004, OHSAS 18001:2007.
X Internal standard factory acceptance test procedure (optionally, a full performance accceptance
test can be witnessed by the customer)

4. RELIABILITY AND AUTOMATION

5HOLDELOLW\ LV RQH RI WKH PRVW LPSRUWDKQHW+VUG7THXIE) H F HEQHW\L J @ H
operate fully continuous with a minimal need for human attendance, ensuring a constant flow of
hydrogen.

X Pressure control: the HMI (Human Machine Interface) on the control panel allows the
RSHUDWRU WR VHOHFW WKH UHTXLUHG JDV SUHVVXUHZLEHOW Z}
DXWRPDWLFDOO\ DGMXVW LWV SURGXFWLRQ UDWH WR PDLQWI

x Cooling automation: the cooling water enters the heat exchangers through a PLC controlled
valve. When the temperature increases, the valve will open allowing more cooling water to
enter the circuit. This results in a stable production temperature.

X Semi automatic nitrogen purge: nitrogen purge is required before starting the unit when the
LOQWHUQDO SUHVVXUH LV EHORZ N3D 7KH VA\VWHPTV 3/& ZLC
valves in the system, thus ensuring that all air is evacuated prior to hydrogen production. The
only manual action required is changing the position of two valves. This action can be
automated optionally, allowing this action to be performed by a remote operator.

X Remote I/O: using a state-of-the-art profibus connection, we have drastically reduced the
amount of interconnection cables and thus the time needed for installation. Implementing the
profisafe protocol in combination with a safe PLC and safe 1/0 makes the system compliant
with the most stringent actual safety codes & standards. The PLC will automatically diagnose
any communication errors, not only making the system safer but also minimizing time and effort
for troubleshooting.

Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications
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5. SCOPE OF SUPPLY
5.1CONTAINER SETUP

$Q ,62 T )7 FRQWDLQHU ZDV GHVL bGE Gur BOQ M3 M@Etogeir @antVaRd K
includes:

X Insulated walls and ceilings.
x Floor made of metal sheets.
X Lockable doors in outer walls.
X Lighting in all compartments.

x All devices fully implemented and installed with piping and cabling in place, which reduces
significantly the installation / interconnection time and costs onsite.

x Two exhaust fans that pull air through the process room from the general purpose room. The
first one assures a minimum flow and is continuously running. The flow is checked between the
general purpose and process room which will trigger an alarm if the minimum is not reached.
The second fan is activated when the ambient temperature in the process room is out of spec.
or when hydrogen is detected.

The outdoor housing is divided in 2 separate rooms as shown in the illustration below.
A scope of each room can be found in the next sections.

- Room c: Process Room
- Room d: General Purpose Room

©

e

2XWGRRU +RXVLQJ IRU-®Dkaht peripiepalsE
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5.2PROCESS ROOM

5.2.1 Process skid

The core component of the electrolysis skid is the HySTAT & pressurized electrolysis cell stack. The
cell stack consists of circular electrolysis cells, each containing two electrodes and an alkaline

inorganic ion-exchange membrane.

The H, and O, are generated when current is
supplied to the cell stack. The gases are then
directed to the gas separator, which is a dual
stainless steel pressure vessel, and then
rinsed in the small pressure vessel located
above the gas separator.

The process part includes all sensors,
instruments,  transmitters  for  pressure,
temperature, etc. This equipment is compliant
with ATEX directives (refer to explosion
production document for more info) and
suitable for hydrogen use (SS316L).

Process Skid

The Process part comes as a fully assembled skid that includes equipment such as:

x Cell stacks

x Gas separators

X Hydrogen gas rinser

x Coalescent filters

X Heat Exchangers for Electrolyte and Gas Cooling

X Leak detector tray with level switch

X Hydrogen detector (HTA)

X Analyzer panel for hydrogen in oxygen (HTO)

X Instrumentation and junction boxes: sensors, transmitters, switches, etc.
x Valves

X Vent headers (H, and O,)

Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications
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5.2.2 HPS (Hydrogen Purification system)

The Hydrogen Purification System (HPS) is designed to further purify the hydrogen to a minimum level
of 99,998%. This purity is reached in 2 stages:

Stage 1: Deoxo stage: Reduces the O, content in H, by catalytic reaction (standard O,
content less than 10 ppm, optionally O, content less than 2 ppm).

Stage 2: Dryer stage: Removes moisture in 2 dryer towers: one in operation and one in
standby/regeneration mode (standard atmospheric dew point less than -60°C, optionally
atmospheric dew point less than -75°C).

HPS

The HPS is built in a skid and located in the Process Room. The HPS is controlled by the main PLC in
the standard control panel. It features:

x Deoxo Vessel with catalyst to remove H, in O, (heated & insulated)

X Heat exchanger

x Coalescent Filter

x Drain pot system for water removal

X Instrumentation

x Two drier towers filled with molecular sieve (heated & insulated) (time regenerated)
x Connections to gas cooling loop

X Connection to Process Part vent headers (H, and O,)

Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications
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5.3GENERAL PURPOSE ROOM

General purpose room

5.3.1 Control Panel

The control panel cabinet includes the PLC and all related equipment to ensure an automatic and safe

RSHUDWLRQ RI WKH +\67%$7CE
Power Rack by means of cables. It features:

7KH &RQWURO 3WRH 3B UIZRPHV ¥ H3 BFRW QL

X Approved electrical enclosure with 2 lockable doors

x Cooling fans + air filtration system

X PLC (Siemens S-7 software)

x Exter: display terminal for visualization and HMI

x Emergency stop on the enclosure door
X UPS for safe shutdown

X 24 VDC power supply

x  Circuit breakers

X Transformers

x Printed Circuit Boards

X Audible alarm

Control Panel with HMI

Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications

and models showns in this document. These are not necessarly showing the equipment that will be installed in your system Page 8 of 17



$QQH[ +\6 7-6071@ Outdoor Version
Revision 1109

5.3.2 EXTER Human Machine Interface (HMI) and monitoring system

The EXTER HMI screen is located on the control panel and allows the operator to control and operate

WKH +\67$7C€ HOHFWURO\VHU HLWKHU IURP W Kibh, Vik & bElduge VRNU IURP
connection. The EXTER monitoring system includes data logging on a compact flash card. This also

allows our technicians to connect to the electrolyser to diagnose and troubleshoot events and alarms.

Exter Visualization Software

5.3.3 Power Racks

The power rack converts the incoming three phase AC power into regulated DC current required for
the electrolysis process. It includes:

x Enclosure with lockable door

x Cooling fans + air filtration system

x Door switch safety interrupt.

X Transformer

X Rectifier

x Circuit breakers, contactors, thyristors & rectifier bridges

x Ammeter & Voltmeter cell stack measurements on the door

X Phase checker

Power Rack

Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications
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5.3.4 Electrolyte cooling system

This cooling system includes a pump skid and a dry cooler evacuating the heat to the ambient air. The
cooling water circulates in a closed-loop, through the high performance electrolyte-to-water heat
HIFKDQJHUV LQVWDOOHG LQ WKH +\67%$7C& SURFHVV SDUW

When selecting the closed loop cooling system full
SHUIRUPDQFH RI WKH +\67$7C& LV
guaranteed between -20°C and +40°C ambient
temperature. The Dry Cooler is controlled by the
PLC in the control panel.

RXWSXW

Dry cooler
Ambient Ambient temperature range -20°C to +40°C
conditions Temperature cooling water out Ambient temperature + 3°C
Max ambient temperature for 100 % output +40°C
Noise level at 10m from the fan < 68 dBa
Installation Dimensions (LXHXW) (m) 42X15X15
Empty weight 580 kg

Specifications Dry cooler

5.3.5 Chiller (gas cooling)

The chiller supplies low temperature cooling water in a closed-loop
circuit towards the HYSTATE SURFHVV K\GURJHQ D!
heat exchangers at a temperature of 15°C, regardless of the
ambient temperature . The chilled water cools down the hydrogen
and oxygen gases, forcing the water vapour occurring in the
electrolysis process to condensate. This is then filtered and
removed from the gas stream. The chiller is installed inside an
enclosure for indoor use and includes a pump and expansion tank.

Chiller

Ambient conditions Ambient temperature range

+5°C to +45°C

Temperature cooling water

+15°C

Installation Dimensions (HXWXD) (m)

1,35X0,88X0,8

Empty weight

185 kg

Specifications Chiller

Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications
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5.3.6 Feed water treatment system

The feed water treatment system will convert tap water into pure
demineralised water needed for the electrolysis process. The
water quality is continuously monitored before allowing it to enter

the process.

Height (m) 15
Width (m) 1,0
Depth (m) 0.5

The system includes filtration purification stages such as:

X Reverse Osmosis Membrane

X Mixed Bed lon Exchange Resin System (2 tanks filled with resin)

X Water Softening System with digital dosing pump (anti-scalent)

x Conductivity Meter

X Active carbon and partuclate pre-filters

X Pressure indicators and switches

Feed water treatment system

The tap water is provided by the customer and must meet or exceed following specs. Note that 1.5 to
2 liters of tap water will produce 1 liter of pure water and that electrolysis reaction requires

approximately 1 liter of pure process water to produce 1 Nm3 of hydrogen.

Feed Water Specs.
Tap water consumption 1.5-2 I/Nm3 of H2 | Ba2+ 0.05 mg/l max.
Temperature 10°C - 30°C Caz+ 20 - 50 mg/l max.
Pressure 2 - 4 barg Mg2+ 10 - 30 mg/l max.
No microbiological contamination | - Cl- 150 mg/lI max.
Langelier Index 2.5 max. S0O42- 150 mg/l max.
pH 7,0 £8,5 HCO3- 100 mg/l max.
Free Clorine 0.02 mg/l max. Fe (tot) 0.5 mg/l max.
Suspended Solids 0.05 mg/l max. Al (tot) 0.05 mg/l max.
CO32- 0. 5 mg/l max. Conductivity 1000 pS/cm max.
Turbidity NTU < 0,5 Sio2 0.5 mg/l max.
Na+ 200 mg/l max. Manganese 0.05 mg/l max.
K+ 50 mg/l max.
Feed Water Treatment system intake water specifications
Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications
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5.4ADITIONAL OPTIONS

5.4.1 Generator options
Purity upgrade -75°C, 2ppm O ,
This option lowers the atmospheric dew point of the produced H, from -60°C to -75°C and the O,

content in the produced H, from 10ppm to 2 ppm.

Reduced N , content - Frit Sparger

7KH IlULW VSDUJHU LV D GHYLFH LPSOHPHQWHG RXHM K 7a8Hé&E. QH U |

lower the N, content to less than 2 ppm of the H, produced.

Oxygen Use

As standard the O, is vented to the atmosphere. Hydrogenics can implement an optional system to
clean the O, and make it available for further use/purification by the customer. In this case, the
available pressure of the O, will be approx. 2 bar lower than the actual pressure of the H2 produced.

Blow off valve (only in combination with OLP)
This feature will automatically vent the H, to atmosphere in case its quality is out of spec. This option

can only be selected in combination with the H, Online Purity Measurement.

Automatic restart (PT- U)

7KLV IHDWXUH DOORZV WKH +\67$7E& WR FEQW inGhX esEr\ie2) Ifehe WiH F W W |

is in standby mode, this allows the unit to be automatically restarted once the user line pressure is
below a preset threshold.

Automatic N , purge
This allows the entire N, SXUJLQJ VHTXHQFH RI WtKelHPS éortsk paefoin@d
automatically.

Air conditioning on EPS
A modular air conditioning unit installed on the electrical panels. This feature is recommended for
systems frequently operating in ambient temperatures above +40°C.

Online Purity Measurement
The H, produced is continuously monitored inrea- WLPH RQ ERWK ZDWHU FRQWHQW
oxygen content. This option can only be selected in combination with the HPS.

Mass flow meter
The mass flow meter is a direct measurement of the volume of H, flowing into the user line.

Oxygen content in Atmosphere detector (OTA)

An Oxygen transmitter in Atmosphere (OTA) can be implemented in the Process Room to continuously
monitor the level of O, in the Process Room atmosphere. An alarm is generated when the oxygen level
drops below or raises above the safe limits.

Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications
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5.4.2 Outdoor Housing Options

Low temperature option
Extra measures will be taken to allow ambient temperatures to -40°C, such as an adapted closed loop
cooling system and a reinforced heating system.

Emergency lights
In case of a mains power failure the emergency light in the Control Room will light up for approximately
30 minutes.

Outside lights
Lights outside the container at the entry of the Control/Utility Room and the Process Room.

Ventilation stacks

Two high quality stainless steel tubes with raincaps for a safe ventilation of H, and O, The length of
WKHVH YHQW VWDFNV LV DFFRUGLQ Jorah@utdddrthQukirgvtfiat\VisSikstalledLif D W L R
an area without surrounding structures. The vent stacks are to be vertically connected on-site onto the
dedicated flanges on the side of the container. The heat tracing cables to protect the stacks from

freezing temperatures are included in this scope.

Compliance with international codes and standards.
As a default the outdoor housing solution is built in compliance with the CE standard. Compliance with
standards such as North American (UL/ASME) or Russian (Rostechnadzor) is optionally available.

Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications
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6. TECHNICAL SPECIFICATIONS

H2 production

Model

+\67$70/10

Flow range

24 t0 60 Nm3/h

Purity (before HPS: Hydrogen
Purification System)

99,9%* (*H.O saturated)

,5 02 < 1.000 ppm
% Purity (after HPS) 99,998 %; 02. <2ppm;N><12 ppm .
I®) Atm. Dew point: - 60°C (- 75°C with purity
l;: upgrade)
é CO+CO2+THC < 70 ppb
T Operating pressure @ full flow 10 barg
(after HPS)
Cell Stack(s) quantity 4
02 production ** Nominal flow Vented
Power Estimated power consumption 5.2 KWh/Nm3
Requirements @ full flow (after HPS) with utilities
Voltage 3 X400 VAC £ 10 %
& 3 X480 VAC + 10 % (Standard in US option)
% 3 X 575 VAC + 10 % (Standard in CA option)
- Frequency 50Hz +3 %
60 Hz + 3 % (Standard in US and CA option)
Installed power 2 X 240 + 50 KVA
Nitrogen for Pressure 410 10 barg
Purge Quantity per purge 3 Nm3
Cooling Water Electrolyte Cooling Loop *** Supplied by Closed Loop Cooling System
If not included: Max. water temp. 40°C
" Max. flow 7 m3/hr
:i_J Gas Cooling Loop Supplied by Chiller
|EI If not included: Water at 15°C; Max. flow 0.5m3/hr
= Feed water Consumption of demin water to process <1litre/ Nm3H,
Consumption of tap water to RO **** <1.5litres/Nm3H ;
Pressure 2 to 4 barg
Instrument Air Min. pressure 6 bar (Air compressor as an option)
Consumption (no control valves) +- 80l/min (no continuous consumption)
o - Electrolyte Type H20 + 30 % wt. KOH
o Quantity Approx. 900 L
> Ambient Ambient Temperature Range -20°C to +40°C
8 conditions Max temperature for 100 % output +40°C
é Installation area Safe zone, free of dust
E Relative humidity <95 %
= Altitude <500 m

The above data are for reference only and subject to review without prior notice. Performance data are not to be used for guarantee
purposes.

2[\JHQ XWLOL]DWLRQ UHTXLUHY RSWLRQDO pR[\JHQ XVHY IHDWXUH
2Q0\ DSSOLFDEOH LI WKH RSWLRROHPRNG G ORRS FRROLQJT LV QRW V
(****) Assuming that the RO Feed Water Treatment System is included in the Scope of Supply.

Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications

and models showns in this document. These are not necessarly showing the equipment that will be installed in your system

Page 14 of 17




$QQH[ +\6 7-6071@ Outdoor Version
Revision 1109

7. GENERAL LAYOUT
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8. CODES AND STANDARDS

$V D GHIDXOW WKH +\67$7C& LV EXLOW WR &( $-1@008 kthnddrds/.L Y H
Compliance with North American or Russian standards is optionally available.

9. DOCUMENTATION

(YHU\ +\67$ 7s@pdel with a complete set of documentation in English language in 1 hardcopy
and on 1 DVD-ROM:

Electrical drawings
3.,'1V

Parts list + technical information of components used (DVD-ROM only)
Certificate of compliance
MSDS

X X X X X X

10. LIMITS OF SCOPE

The OLPLW IRU WKH +\67%$7 & duidddr WouskR@ \ Vhdre ateVimétaKtates on the
outside walls of the outdoor housing which include the following connections:

Hydrogen gas user

Feed water inlet

Instrument Air inlet

Oxygen vent (Vent line not included)

Hydrogen vent (Vent line not included)

Condensate drainage connection

Inert gas (nitrogen) inlet

Electrical Interconnections: Included inside the container
Mechanical interconnections: Included inside the container
Electrical Power: circuit breaker on the electrolysis side.
Cooling Water (2 loops):

X X X X X X X X X X X

- Dry Cooler (electrolyte cooling):

0 The dry cooler is shipped in a separate box and designed to be installed on the roof
of the outdoor housing and the scope includes provisions on the roof of the
container for its installation.

0 The piping and cabling to connect the container to the inside of the container is
included, but mounting the dry cooler on the roof and making the connections on
site is to be performed by the customer.

- Chiller (gas cooling):
0 The chiller comes fully interconnected in the outdoor housing.

- Water Treatment Plant:
0 The water treatment plant comes fully interconnected in the outdoor housing.

Hydrogenics Europe NV reserves the right to make changes at any time without notice, in materials, equipment, specifications
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11. EXCLUSIONS

Unless specified otherwise in the proposal, the following items are not included in the scope of this

proposal:

xX X

X X X X X X X X X X X

Any civil work

Any consumables except as stated herein

All utilities needed for the start up and operation of the equipment. These utilities must be
available in the required quality, quantity and form at the time commissioning and start up begins.
Any material/equipment outside the battery limits

Materials for building, lighting, ventilation and heating

Equipment foundation

Pipe and conduit supports

Walkways and drains

Anchor bolts

On site testing or testing equipment beyond Hydrogenics standard tests;

Drawings, data, calculations of a proprietary nature;

Heat tracing and insulation, if required;

Hazop, FMEA or other design studies;

Management of site preparation activities including design, permitting, inspections, and
approvals;

Any inspection, certificate etc. others than the standard document provided by Hydrogenics
Europe NV.

All tools necessary for the commissioning and start up of the equipment and training of the
people.

Service time exceeding 8 hours per day. Overtime is limited to 2 hours/day. Weekends are not
worked. Travel expenses and hotel lodging of the engineers of Hydrogenics Europe NV unless
stated in the quotation. Transportation between hotel and site during commissioning, start up and
training.

All figures, measurements, names, weights and/or other descriptions of the Products as stated by
the Supplier have been carefully prepared but the Supplier cannot guarantee that no variations
will occur. Models or drawings shown or supplied shall merely be indications of the Products
concerned.

12. DISCLOSURE

The copyright in this document is exclusive property of Hydrogenics Europe N.V. and this document may
not be copied, translated, modified or disclosed without the written authorization of HYGSE NV and must be
kept in confidence.
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1 Scope of supply

The system is built with the following elements:

1. An outdoor Electrolyser E100 which produces, at nominal power, a Hydrogen flow of 100 Nm3/h
at a pressure of 35 Barg with a purity of 99.9%.

2. A hydrogen purification unit based on a Deoxo-dryer to purify the gas from 99.9% to 99.999% with
02<5 ppm, H20<5 ppm at a dew point of -70°C.

3. The documents and drawings relative to the Electrolyser.

4. Erection and wiring supervision at site, commissioning, SAT (Site Acceptance Test) and teaching
sessions for use and maintenance.

2 Electrolyser

The E100 is based on the PEM technology (Proton Exchange Membrane) to produce H2 thanks to solid
polymer bipolar cells. It is fully automated.

2.1 Performances

PARAMETER VALUE

Nominal hydrogen production 100 Nm®h

Nominal oxygen production 50 Nm?h

Hydrogen Purity (standard equipment) 99,9% before purification
Hydrogen output pressure 35 barg

Oxygen output pressure 14 barg

Stack Yield 80% (SCP), 4.4 kWh/ Nm? of H,

Complete system electrical consumption for a 99.9%

3
purity of Hz (Standard supply) 4.7 kWh/ Nm* of H

Complete system electrical consumption for a 99.999%

3
purity of Hz (With purification option) 4.9 kWh/'Nm® of Hz

Needed installed electrical power 800 kVA
AREVA
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2.2 Technical description

The E100 Electrolyser is composed with various standardized modules, which are integrated in a
container.

Gas Production Unit

Power supply unit: rectifier 600 kW
Control & Safety unit: PLC
Process cooling unit

Gas cooling Unit

Water purification unit

ouhkwnE

2.2.1 Gas production unit

The gas production unit, is a skid composed with the elements described below:

Electrolysing unit: 4 Stack of 25 Nm3/h production capacity each

Stainless steel water piping

Stainless steel water/gas separation tanks (1 for the H, and 1 for the Oy)

2 circulating pumps (1 for each water loop) & 1 lift pump to feed the process with water
Stainless steel gas piping

1 Heat exchanger for Process temperature regulation

2 Heat exchangers for Gas cooling (1 for Hydrogen and 1 for Oxygen)

1 downstream online water purification system

~h YR Tk kR ~—h ~—~ ~—h

The systems of measure, control and safety of the gas production unit are included in the gas skid.

Only electrical equipment (detectors, solenoid valves, etc. « RI WKH JDV SURGXFWLRQ XQ
stack excluded) are classified explosion proof, in compliance with the ATEX regulation.

The gas production unit has a forced ventilation with a capacity of more than 100 times its production
capacity at nominal load.

The gas production unit is gas tight separated from all other auxiliaries and equipment.
The gas production Unit does not use any liquid chemical compounds type KOH. Only deionised water

is pumped (Lift pump) into the unit to feed the electrolyse cells. Therefore, this unit does not have any
electrolyte distribution system.
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2.2.2 Power Supply Unit

The power supply unit is an industrial 600 kW water cooled AC/DC rectifier from a first class world
renowned supplier.

2.2.3 Control and safety Unit

The E100 is equipped with an industrial SIL 2 (Safety level) PLC from a first class world renown
supplier.

f Tactile Human Machine Interface

Control software developed by AREVA H,Gen and adaptable on customer expectation and
integrating the control of the rectifier.

f
f Ethernet connexion (Other kind are also available on customer request).
f Digital input cards for control by customer SCADA.

The software allows control and monitoring during production of pressures, temperatures, water
levels, Hydrogen flow, and process water conductivity.

Supervision panel.
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The E100 Electrolyser is equipped with following systems:

f SIL2 PLC connected to:

o 1 ambient H, detector installed in the gas production unit (Gas skid).

0 1 on Line Hzin O, detector

0 1 Heat detector in the gas production unit

Water flow detection on the oxygen water loop

Water conductivity measure at the output of the water purification unit

Automated depressurisation and Nitrogen draining system for the O, and H- lines of the gas
production unit in case of emergency stop and before maintenance operations.

UPS for the uninterrupted power supply of the PLC in order to enable a safety stop in case of
breakdown of the main power supply.

Technical communication management system, to enable the return of safety information to an
outside security panel

~h T Rk

2.2.4 Process cooling unit

The thermal regulation of the process is insured by an autonomous cooling loop including:
Heat exchanger cooling liquid / process water integrated to the gas production unit.
Cooling liquid tank

Circulating pumps of the cooling liquid

Flow control

Outdoor heat exchanger cooling water / air.

THTHR TR TR TR

2.25 Gas cooling unit

The primary gas cooling unit is composed with

f 2 x Heat exchangers (1 for H,, and 1 for O,)

f A water chiller
The produced gases are cooled in the heat exchangers at 4°C. The cooling water temperature is
ensured by a water chiller.

2.2.6 Water purification unit

Tap water is purified by an active coal filter system and a reverse osmosis system.
The water shall comply with drinking water directive (council Directive 98/83/EC of 3 November 1998
on the quality of water intended for human consumption), or meet the WHO (World Health
Organization) international standards at least.
Water conductivity is measured at the outlet of RO system, and must be below 0.2 uS/cm.

f ROS that produces 100 L/h of demin. water from 200 L/h of TAP water

f 1 x300L Pure water storage tank
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3 Gas purification Unit

The gas purification is made by a self-regenerating deoxo-dryer unit, to ensure clearance of oxygen and
humidity, and reach 99.999% of H, purity with O, < 5ppm and H,O < 5ppm and dew point below -70°C

The Deoxo drying unit is composed by following equipment:

2 absorption columns for H,O treatment

1 deoxo column for O, treatment

Service pressure of the equipment: 35 barg
Piping and automated valves

Pneumatic control valve fed with N, at 6 to 7 bar
Gas regeneration by H;

~h " —h ~—h ~—h ~—h

As options:

f Dew point measure
f Oxygen detection: O, in H, measure

4 Container

The (OHFWURO\VHU FDQ EH FRQWDLQHULVHG LQ D ¢ FRQ®H IRBHID L KC
and isolated for climate conditions from -15°C to +40°C outside temperatures.

f 1 igh Cube container : 12000 x 2500 x 2900 (tare weight around 4 T)

f Climate thermal insulation
f Air conditioning and heating to ensure inside proper temperature conditions
f Gas tight wall separation between gas process and auxiliaries
f Rooftop mounted dry cooler
f Painting compliant with ISO 12944 class C5-M.
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5 Documentation and CE certification

The technical documentation of the equipment will be handed over to the customer and will include:
CE compliance certificate

Piping and instrumentation diagram

Electrical drawings

Hydrostatic and performance test

Welding procedures and qualification record

Installation, Operation and Maintenance manual

~h ~—h —h ~—h ~—h ~—h

The E100 electrolyser is CE certified and will comply to various EU directives under which it is build:

f Machines directive 2006/42/CE,

f Under pressure equipment directive 97/23/CE,

f Low voltage directive 2006/95/CE,

f Electromagnetic compatibility directive 2004/108/CE

The documentation supplied with the electrolyser will integrate all these various documents which will
justify of its compliance to theses directives and regulations.
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