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Enapter AEM Electrolyser

C 2010 ropga KomaHAa Enapter npoeKkTupyet U nponssoguT
nateHToBaHHble AEM (Anion Exchange Membrane) anektponmnsepbl



EL 500 EL 2.0 EL 2.1

10 Units

8 Units

OTaenbHble MOAYAN YNPaBAEHUA U
MOZY/IN 3/1IEKTPO/IN3EPOB
CNOKHOCTb YCTaHOBKU U NOALEPHKKM
Bce 4 cTopoHbI WKAaPOB AONKHbI
ObITb OTKPbITbI AN AOCTYNA U
BEHTMAALNM

15,900 Espo

EguHbI moaynb ynpouiaeT
YCTaHOBKY 1 06CNYyKMBaHUE
OxnaxkgeHue yepes GPOHTANIbHYIO
naHenb AenaeT CUCTEMbI
CTEKMPYEMBIMU U SKOHOMUT MECTO
NHTerpauuna c Enapter EMS,
YAANEHHbIN MOHUTOPUHT U
ynpasaeHue Yyepes NpuUaoKeHne
HoBbli1 cTeK 40% meHbLue

11,000 Espo

7 Units

MNoBbiweHHan apPpekTuBHOCTL! 8%
MeHbLUe noTpebneHne sHeprum.
YMmeHbLleHo notpebneHne B pexxnme
OXMAaHUA.

O6HoBNEH AM3aliH ANA YNPOLLEHUA
6biCcTpOii 3ameHbl ycTpoiicts (hot-
swap)

HoBas aneKkTpoHUKa, peansaiiH MO,
BO3MOXHOCTb 0OHOBNEHUNA NO
Bo3ayxy (OTA)

9,000 Euro



EL2.1

-
The Product - Electrolyser EL 2.1 o
NMpoussoanTenbHOCTb
500 NL/yac (0.5 Nm3%hr
9P PeKTUBHOCTb

4.4 kBtu gna 1 Hm3 H,

Yucrota Bogopoaa

~99 9% Nupektnsa 2006/42/CE
MOU.I,HOCTb EN ISO 12100 - 1
2.2 KBT EN ISO 12100 -2
ISO 13849
KauectBo BOAbI EN 61010
<20 uS/cm T EN 61000-6-3
8 e : EN 61000-6-2
pe g o8 ASBIEH ASME B31:12
ap

pb—————— 482 mm

——— 594 mm




The Product - Dryer DRY 2.1

MpounssoanTENbHOCTb
1o 2,5 m3/uac g p—

CteneHb OYUCTKHU
>99.999%

PERRRELT 1

TouKa pocbl (nocne cyLKu)

LHLEELT §
>
'\

-70 °C
MouwHocTb
375 W
DM2030
BxoaHoe HanpsaeHue [10 4 3neKkTponn3epos
AC 200-240 Vac,
50/60 Hz
DM1030

[0 2 aneKkTponnsepos

F— 178 mm —|

————— 483mm ———| — 4%0mm — |



AE M TECh NO I ogy = be3 gparoueHHbIX METaNN0B = [IpocToTa MCNONb30BAHMA

=  Hwu3Kasa ueHa = Cpok cay6bl >30.000 yacos

" BbicoKas 3pPEKTUBHOCTD
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= CTeK COCTOUT U3 HECKO/IbKUX LLEMIOYHbIX SIYEEK, COeAMHEHHbIX 4 7,
nocnenoBaTesibHo; 7 Y 07
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J /
=  Boaopoa Npou3BoAMTCA U3 BOAbl, MPOHUKAOLLLEN Yepe3 membpaHy = Gas Gas /;. /
o o 70 Diffusion Diffusion
C «aHOZHOM» NONOBMHbI AYENKY; 781 Layer T 5
aa l.‘l
=  «AHOAHaA» NONOBUHA AYEMKK HanosHAeTcA 1% pacTBopom U/
anekTponuta (rmapokcna Kanma, KOH);
=  «KatogHaa» NONOBUHA AYEMKU OCTAETCA CYXOW;
" Yucrbi (~99,9%) Bogopoa npomssoanTcs noa aasneHmem 35 6ap; 7 T
/
= B npouecce reHepauum BOAOPOAa, OUYULLEHHAA BOAA A0/IMBAETCA Ha &
«aHOAHOM» NOJIOBUHE SIYENKMW.
Anode - AEM - Cathode
40H = 2H,0 + 0, + 4¢” 4H,0 + 4e” —> 40H +2H,

. Electron and Hydroxide Transport
O Hydroxide Transport

O Electron Transport



AEM Properties

INEKTPOXUMMYECKHe

bonbwoe 3HaueHne Moayna HOHra = CrabunbHOCTb K OKUCNEHMIO Bbicokaa nposogumocts OH-
N npegena Teky4yectum = CrabunbHOCTb K LLLEI0YN =  Hu3Kaa aNeKTpoHHaA
" YCTOMYMBOCTb K MPOKO/IaM "  MwuKpodasHoe pasaeneHue NpPOBOAUMOCTb

"  HU3KKUMN TOK 3aMblKaHUA
=  BO/IbLLOM NOTOK BOAp!

=  Hu3KaA razonpoHnLaemMocCTb
"  TepmOCTOMKOCTb
=  HusKoe norouleHue Boabl

Bbicokasa BbixogHoe Mortpebnenune WenoyHoun Aoporocroauwue AparoueHHble KoMNaKTHOCTL
ymucrora H2 AaBneHue (kBTu/HM3 H2) 3N1eKTPONUT KOMMNOHEHTbI meTannbl
§= Enapter v 35 bar a4 X X X v
AEM
PEM v 30bar 54 X v v v

Alkaline % atm 46 v ) ¢ X X



Mbl AYMAEM OB
3/IEKTPO/IU3EPE
KAK O BbITOBOM
YCTPOUCTBE

HuKakne ycTponcTea He umenm
Hanbonee HBbICTPOro COKpPaLLEHMUA
CTOMMOCTU B UCTOPUMN SKOHOMMUKMU,
4yemM TOBapbl MacCcoOBOTrO
NPOWU3BOACTBA.

Mbl 6yem maccoBo NPOU3BOAUTD
3NEKTPO/IN3EpPbI.



IBM MK /1981

ManHppenm



OObIYHbIN 3N1EKTPON3EP Enapter EL 2.0 /2019



Modularity

dnekTponunlepbl Enapter nerko ropMsoHTaIbHO MacITabmnpyroTca ANA AOCTUKEHUSA
HY*KHO NPOU3BOAUTE/IBHOCTHU

+ + +
1
1

Mopagynu 0.5 Hm3/uac LLkag 2 Hm3/uac Crekupyrotca X Hm3/uac



AEM 60 Electrolyser - KoHTeMHepHoOe ncnosnHeHme

dopm-dakTop
20 ¢yTOBbBIN KOHTENHEP

MpounsBoauTEeNnbHOCTb
30 HMm3/u ( ~64 Kr/peHb)

Yucrora Bogopoaa
99,999% npwu 35 bap

MowHoCTb
155 kBT

Bopa
46 n/u

NHTerpmupoBaHHas cucTemMa
6e30MacHOCTH, 3/IEKTPONPOBOAKA,
cuctema TpybonpoBoaoB, cUCTEMA
YKMAKOCTHOIO OXNaXKAEHMUS.

[o 60 reHepaTopoB Bogopoaa EL 2.1 n 20 ocywmntenen DRY 2.1.



AEM Multicore Electrolyser — UHHOBaLUMOHHbBIN NOAXOA

dopm-dakTop
40 $pyTOBbLIN KOHTENHEP

NMpousBoanTeNbHOCTb
210 HMm3/u ( ~450 Kr/aeHb)

Yucrora Bogopoaa
99,999% npwu 35 6ap

MowHoCTb
1,008 kBT

Bopa
420 n/y

NHTerpnpoBaHHas cnMctema
6e30MacHOCTH, 3/IEKTPONPOBOAKA,
cuctema TpybonpoBoaos, cUCTEMA
KMOKOCTHOTO OXNAXKAEHMUS.

1o 60 MHTerpupoBaHHbIX cTekoB 0,5 Hm3/uac u 20 ocywmntenen.



Modular Ramp-Up/Ramp-Down

[Mpon3BOACTBO BOAOPOAA MOXKET BbINOJIHATLCA HA YaCTU MOAY/IEN UMIN C
ncnonblosaHuem MU-perynatopa A/1a NOJIHOTO UCMONb30BAHMSA AOCTYNHOM
MOLLLHOCTM

+ 40% BbIpaboTKK H,
A

7
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Excess PV (kW) [FZllarge PEM PV to Load (kW) PVYield (kW) Excess PV (kW) [EZEAEL PV to Load (kW) PVYield (kW)

1 x PEM EL 5 x Modular AEM EL

@ Enapter

AEM



NnaHupyemasn ueHa B TeyeHue 5 ner

1.50 €/Kr

Enapter CTpEMUTCA CBECTU KAlMUTAJ/IbHbIE 3aTPAdTbl HA
NPOon3BOoACTBO 3KOJI0NTMYEeCKN HNCTOIo BoOA4O0POA4 A0
YPOBHA, NO3BOJIAOLWETO KOHKYPUPOBATb C MCKOMaeMbIM
TONANBOM.

na storo HEO6XO,£I,VIMO MaCCOBOE NMpon3BoacTBO.



Energy Management System

CobcTBEHHAA cucTema yrnpas/ieHne SHeprven U yaaneHHoro MOHUTOPUHTa

At
Remote monitoring and control | | ¥ | ‘f“.‘v‘ Push notifications

/ =

C~ 3 —
Open platform and integration ar1) G ,,f’ § o [ | Data analytics and insights
Enapter cloud
N 7o [0\
Rule-based automations |~ T (o2 Artificial intelligence

Internet

CAN Bus Modbus SNMP Wi-Fi MQTT TLS Analog input Modbus

e B T E

Battery Power meter  Fuel cells D D Hydrogen tank Solar panel
inverter sensors inverter

Enapter’s stackable
electrolysers

Woaous (Y (intel_) CANopen LoRa



Enapter Gateway

OnepaunoHHada cnctema Enapter Gateway ocHoBaHa Ha Linux.

Enapter Gateway arpermpyet gaHHble CO BCeX AaTYMKOB U
YCTPOMCTB SHEPreTUYECKOM CUCTEMbI U BbINONAHAET NpaBmaa
ynpasneHna cbopmmnpoBaHHble NONb30BaTENEM.

Teealesn
:i,fnjy'i-? A0 DD Ged e




Rule-Based Management

Cuctema paboTaeT Kak eamHoe Lenoe npu NoOMoLLm
[loNnb30BaTe/IbCKUX MpaBuIn.

IF solar irradiance is 600 WATT/SQM THEN START Electrolyser

IF battery voltage is <48V THEN START Fuel Cell



10+ Different Universal Communication Modules

KOHBepTaLI,MFI PaA3/TINMYHbBIX MPOTOKO/10B yCTpOVICTB B e,EIIMHbIﬁ NPOTOKO/ ynpaB/1eHUA

U MOHUTOPUHTIA

ENP-RS485

Modbus

Battery inverters
Charge controllers

Irradiance sensors

ENP-RS232

Modbus

Battery inverters
Charge controllers

Irradiance sensors

ENP-CAN

CAN bus

Battery inverters
Charge controllers

Irradiance sensors

\ .
8% '
F=cy 0

‘ Ethernet

8.24 VDX 10/1008ase-T

T @ Enapter

iEthernet g.“
Extension ~

Flip for setup

RS-485
L a b

ENP-ETH

Ethernet

Battery inverters

Fuel cells

ENP-HTE

Analog Inputs

Pressure sensors

Temperature
sensors



Advanced Monitoring
[Monb3oBaTenbckme nHTepdencol n gawbopab

MobunbHoe

B36 - npunoxeHue
npuUNoXKeHue

Download on the

https://cloud.enapter.com & App Store



https://cloud.enapter.com/

Enapter - Main R&D Facility in Pisa, Italy

CepunHoe npoun3BoacTBo C KoHua 2019. Crapt
npoussoactea EL 2.1 8 MapTte 2020.

HoBble TecToBble 1abopaTopum.
Mpon3BoACTBO yBENYEHO B 8 pas.



Use Cases
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Enapter Use Case

POWER-TO-
HEAT

In Rozenburg, the Netherlands, 8x EL 2.0
are producing green hydrogen that is used
to heat a building complex.

Select Language v

Netherlands: Apartment Complex in
Rotterdam Municipality Rozenburg
Heated with Hydrogen

e Translate

In the Rozenburg district of Rotterdam, a trial is starting to heat homes with
100% hydrogen. The companies Bekaert Heating, Remeha, DNV GL, the
municipality of Rotterdam, housing association Ressort Wonen and network
manager Stedin are all involved in this project.

The test is a first, because never before have houses been heated in the
Netherlands with HR boilers using pure hydrogen.

When burning hydrogen gas, unlike natural gas, no CO2 is released.




Enapter Use Case

POWER-TO-
HEAT

In Rozenburg, the Netherlands, 8x EL 2.0
are producing green hydrogen that is used
to heat a building complex.




Enapter Use Case

RESIDENTIAL
STORAGE

In MUnster, Germany, we have recently
commissioned 1x EL 2.0 in combination
with a fuel cell to provide seasonal storage
capabilities. Hydrogen could be use for
much more than just power in the future.
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Enapter Use Case

REFUELLING

One area of application for green hydrogen
is the refueling sector. We are supplying
drone, car and other vehicle
manufacturers with our electrolysers.




Enapter Use Case

Mobility

Refueling stations for FCEV - Forklifts

;- 00
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We are making waves Forbes

X :: - Start Up

o®

g ceo . "+ Energy Transition
NEW
e i BN - ' = Winner Handelsblatt CHALLENGE
Shell NEW ENERGY CHALLENGE Winner Start Up Award German Energy Agency Energy Awards “Industry”
Amsterdam — 14.10.2018 (dena) Berlin — 08.04.2019 Berlin — 20.01.2020 ——

pv magazine
HIGHLIGHT
2020

STORAGE
LU LU
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Enapter speaking at the World Energy Congress 2019. We met several
high-level contacts such as the Energy Minister of UAE

Enapter speaking about

hydrogen for mobility at
the IAA




T e T e e e

e L

P



