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Texvika ZnTnHara

2NMEPA, Ol TTEPICOOTEPEG TTEPITITWOEIG TTPOBANMATWY SIKTUWV Oo@EiAovTal
o€ TTPOoBARuATA TPOPODOTIaGg

- Kataiyideg, TTANUUUPES, KATOAMIOOACEIG, OEIOMOI... DIOKOTITOUV TNV TTAPOXI NAEKTPIKNAG
EVEPYEIQG

- E€aitiag TnG @uong Tou TTEpIBAAOVTOC Kal TNG TTPocRaciyoTnTag, Ba uTTopoucav va
XPEIQOTOUV TTOANEC WPEC A KAl NUEPES £TO1 WOTE VA ATTOKATAOTABEI TO OIKTUO OE OPIOUEVEG
TOTTOOETiEC

- O1 CUOOWPEUTEG €XOUV MIKPN dIAKpEIa (WAG Kal XPEIAZeTal va avTikaBioTavTtal ava TOKTA
XPOVIKA OIaOTAMATA I VO QUAGCCOOVTAI O€ KAINATICOPEVO XWPO

- O1 TTeTpeAAIOYEVVATPIES XPEIAOVTAI EVTATIKY) OUVTAPNON, €ival AlyOTEPO ACIOTTIOTES Kal Eival
EKTEBEINEVEG O€ TTEPITITWON KAOTTAG

2UVETTWC, UTTAPXEI avayKn yia uia 1o aélormioTn, UEyaAnc autovouiag Kai TTepIBaiAovrika
QIAIKNG Auon¢ yia tnv 1popodoa0ia O€ I0XU O TTEPITITWOEIS EKTAKTNG AVAYKHG.
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Ti eival To «KeAi Kauoipgou»;

Kauoiuo

§

§

HAekTpIkr) EvEpyela HAekTpikr) EvéEpyela
N -

4]

—

To keAi kauaiuou arroreAei pia arrodoTikn Kar a8opufn
vevvhrpia DC n orroia uerarp&rel ameuBeiac tn xnNUIKN
EVEQYEIA OE NAEKTPIKN XWPIC Kauan.
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TexvoAoyia KeAiwv Kauoipou
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TexvoAoyia KeAiowv Kauaigou

Hydrogen
(Hz2) in

Water
(Hz0) out

FUEL CELL
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Alata&n KeAiwv Kauoipou
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Alata&n KeAiwv Kauoipou
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AsiToupyia KeAiwv Kauoipou
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TutTiké cuoTnua backup Tpo@odoCiag e KAUOIUO udPOYOVOo

Ydpoybévo

L

MeTaTpotréag PuBuilopevo DC

DC/DC

2uaoTolxia KeAlwv
Kaugipou
PEM

)
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2uotnua KeAiwv Kaucipou PEM pe avapop@wrTh

KOUCIJOoU

Tutmiké cuoTnua backup TPOPOdOCIAG ME AVAUOPPWTH KAUTIOU

MeTaTpoTtTéag

PuBuiléusvo DC
DC/DC UC H

Emegepyaoia
Kauaoipou

2uoTolxia Kehiwv
Kaugipou
PEM
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XapaktnpioTika KeAimv Kauoipgou

* BeATiwpévn aglomioTtia kal Aia@soipoTnTa
» AlyOTEPA KIVOUUEVA PEPN aATTO OTI Hia yevvhTpia
o Kayia ammémtwaon atmmodoong o€ KATAoTAON AVAUOVIG OTTWG Ol CUCCWPEUTEG
* Mikpnj atraitnon o€ ouvTpnon (ETNoIa €TTIOKEYN)

» MeydAn autovopia/backup time: wpeg Kal NUEPES

* Mep1o00OTEPO EUPWOTHN TEXVOAOYIO ATTO OTI OI YEVVATPIES KOI Ol CUCCWPEUTEG
» MeydaAo Bepuokpaciakd eUpog Acitoupyiag (Kauia amrotrtwon ammodoong JeE TN
Beppokpaacia) )
« Kapia amaitnon o kAipamopd yia 1 Asimoupyic mmmm  Meiwon g evepyeiakig
KaTavaAwong
* MeydAn gueAiia
* EYKATAOTACEIC EOWTEPIKOU/ECWTEPIKOU XWPOU
* Ta guOTAMATA UTTOPOUV va ouvdeBoUV v TTAOPAAAAAW
» AuvarotnTta 48VDC 4 230VAC (e UPS iy Avtiotpogéa DC/AC)

 MepIBaAAovTIKA @QIAIKH AUon
o ECaIpeTIKA XapnAad etTitTreda Bopuou
o Kapia eTIBAABAS EKTTOUTTA
* Ox1 emikiviouva atroANTa (£CAIPOUMEVWV TWV CUCCWPEUTWYV)
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ZUykpion TexvoAoyimv

Telecom Backup Power Technology Comparison
Fuel Cell Systems vs. Diesel Generator

ElectraGen H2 System ElectraGen ME System | Diesel Generator
Fuel Cell system with Direct Fuel Cell system with
Hydrogen Methanol-Water Reformer
Nitrogen Oxides (NOx) 0 g/kWh <0.01 g/kWh 7.5 g/kWh
Carbon Monoxide (CO) 0 g/kWh 0.2 g/kWh 8.0 g/kWh
Particulate Matter 0 g/kWh 0 g/kWh 0.8 g/kWh
Carbon Dioxide (CO2) 0 g/kWh 700 g/kWh 1,500 g/kWh

Noise Emissions®

Decibel rating Quiet: 52dBat1m Quiet: 52dBat1m Loud: 68 dBat 7 m

System Efficiency

System Efficiency (%) 10-25%

Operational Costs

Maintenance (visits per year) 1 1 2-4
Theft Costs (fuel, parts) None None Fuel & Parts
Reliability Fewest moving parts Few moving parts Many moving parts

Note 1: ElectraGen™ ME System emissions data from IdaTech

Note 2: Diesel generator emissions data from EPA standards for 2007 and newer generators, EPA Standards of Performance for Stationary Compression
Ignition Internal Combustion Engines; Final Rule July 11, 2006

Note 3: ElectraGen systems operated at 75% power output during noise test
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Fuel Cell Value Proposition

OiKovouIKA

Meiwpéva Asitoupyika

Koon& Meiwpévo TCO Tuppwvia pe vopoBecia
Kt')GTrl 2uvThpnong: ®dopoloyikd KivnTpa
Xwpog Meiwpévog K6OTOG

BeATioTOTTOINONG AVOKUKAWONG
“mrpdaociva’ bonus:

Xwpog BeAtioTotroinong

TexVvIKa

BeATiIwWPEVN agloTTiOTIA

(MpoBAeTTOUEVN OUVTAPNON,
MeyaAo Bepuokpaciakd eupod
10eTnC didpkela (wng)

MepiBaAAovTIKG

Meiwpévn péAuvon
(MoAuBdog, ®opufog, CO2..)
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MpoiovTa

FUEL CELL SYSTEM FUEL POWER VOLTAGE

Hydrogen 2.5 kKW or 48 Vdc
5 kW
Liquid Fuel 2.5 kW or 48 Vdc
(Methanol/Water) 5 kW or
24 Vdc
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BENEFITS

Reliable, Quiet &
Zero Emissions

Reliable, Quiet &
Low Emissions
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zuotnpa ElectraGen™ H2

Baoika TeXViKa XapaKTNPIOTIKA:
— 25 kW R 5 kW
— 48 Vdc ) 24 Vdc
— Kavuoipo: H,

2upTtrayég (108cm x 92 cm x 123 cm)
AvOekTIKO (AgiToUpyEi atrd -40°C éwg 45°C)
KAIpakoUuevOoGg XpOvog AsIToupyiag

‘Ewg 3 cuotparta v rTapaAARAw (15kW)

Apeon amrdkpion OTIG ATTWAEIEG I0XUOG TOU
OIKTUOU

Hydrogen fueled 5 ouvayeppoi Snpng eTapng
backup power system

«Avvarotnteg Aieicovons kor Evialn Teyvoloyiawv Yopoyovoo ae On-grid/off-grid Epopuoyécy

_ Ap. Hovayiadrtne Zéppas CEO ClEnergy, 3rd Annual Learning & Teaching Conference, 25 lavovapiov 2014



Eykaraoraon ElectraGen™ H2-1
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zuoTnpa ElectraGen™ ME

Baoika Texvika XapakTnpIoTIKA:
- 5KW R 2.5 kW
- +24 Vdc 1 -48 Vdc
- Kauoipo: HydroPlus (MeBavoAn/Nepo)

.. duoika XapakTnpIoTIKA:
1.7 a - MéyeBoc: 1.4m x 1.1m x 1.7m (H)
= - Bapoc: 500 kg

(68 in) . 0
- Ogppokpaacia Asiroupyiac: -5C pe +45C

‘AAAa XapaKTNPIOTIKA:
- Evowpatwpévog avapoppwTng H2
- Evowpatwpévo doxeio kauaipou (225L)
- 2U0TNHa KaTaypaene, ansikoviong Kal
ouvayeppou
- 'Ewc 3 ouoTtnparta ev napaA\iAw (15kW)
- Aeon anokpion oTIC anwAEIEC I0XUOC TUOU
OIKTUOU
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Tumkn EykaraoTaon DC

To cuoTnua KeAiwv Kauoipou ouvdéeral he Tnv ptrapa diavopng DC. Autd
TTOPAUEVEI OE KATACTAOT AVAMOVHG €W OTOU TO OUVAMIKO TTECEI KATW ATTO TO
oplaka opifdpevo (Tutrikd 50VDC) o€ TTEPIITTTWON ATTOTUXiaG/O@AANATOG TOU
O1kTUOU N} TOU avopOwrTr). To ocuoTnua Ba TTapEXEI TRV ATTAITOUMEVN 1I0XU DC pEXpl va
aTTOKATOgTAOEI TO TToABANUQ.

\“i"i Customer Supplied
T e e Tt e e g e e Rt T S 1
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l = 1 i ' I
I e Et .| |
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ElectraGen™ ME Overcomes the H, Barrier™®

Comparisons

48 Qoec Autovouiac

< L

\\\---

Reformer (Natural Gas, Methanol)

Bottled Hydrogen

First cost Up to 50% lower than bottled hydrogen, Competitive at 8 hours runtime or lower.
depending upon runtime.
Operating Essentially flat, based on fuel use. Cylinder rental, frequent, high cost refueling beyond
cost low power and low outage applications.
Logistics Liquid: 55 gallons = 48 hours, easily stored, Bulky, 30 cylinders at 110 Ibs each required for 48
transported and refilled. Available globally. hours. Specialty chemical with limited availability.
Footprint About 60 square feet/ 6 square meters. About 860square feet / 86 square meters.
Permitting None required for less than 60 gallons. Extensive codes and setback requirements.
Regulations vary by locality.
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Kauoipo HydroPlus

Meiypa MeBavoAng/Nepou (62/38%)
Runtime: 1litre/1kWh

TiuR: LUSD/liter

EUkoAn petagpopd kai atrobnkeuon (uypo)

NMAaoTikG avakukAoupeva doxeia (25L
container, 205L drum Q péxpr 1000L tank)

XapnAo6 onueio mRgewg (-71°C)

Eupéwg d1aBéoipo Kai
XPNOIMOTTOIOUMEVOI UYPO (YUKTIKO,
KaOapPIOTIKO UAAOTTIVAKWY)

ATrauTei TTAPEP@PEP ATTOBRKEUON OTTWG
aAAa kauoipa (Bevdivn, TTETpEAAIO)

H IdaTech éxel avatrTugel oxEoeig Pe
ETAIPEIEG TTAPAYWYNG KAl B1dBeoNng
MEBAVOANG TTAYKOOHiWG
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Hydrogen vs Hydroplus (HE@avoAn/vepo)

Hydrogen

Methanol

Pressurized gas

Liquid

Power density:

10 kWh in a 50 liter cylinder

50 kWh in a 50 liter drum

Autonomy: 48 hrs run time @ 100A | =30 gas cylinders of 7 m3 = 220 liters

Price in $/kWh 3 to 5 US$/kWh 1 US$/kWh

Installation requirements Special skills; piping; hydrogen None
plant + cabinet

Sitting requirements Stringent; setback distance; local Minimum
authorities permit...

Rooftop installations No Yes

Refueling requirements

Swapping of gas cylinder
Reconnection of pipes

Cylinders need to be inspected
every 2 years

Filling of tank like diesel generator

Availability Mostly in urban areas Anywhere (could be stored locally)
Operating cost High: cylinder rental and delivery Low
Fire Hazard (NFPTA rating) 4 3
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AVEQOOIAOHOGC

MeOavoAn/Nepo Y3poyovo MeTpeAaio

H IdaTech voxAnpd)vsl TO axsbmapé EVOC Bunocpbpou
ave@odiaocpou 550L napoHoIo HE auTd nou xpnolponmouv-rul via

[, " L ——rem s mmemmmem e ) Annmn remn rm e ——— "‘-
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Evoeiktikég Tniemkowvoviokés Eykotaotdoelg

(Germany)

- = < e e
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EykaTaoTaoceic ornv Acia kai Tnv Qkeavia

135 systems installed across APAC region (excluding India)

@ delstra”
5 kW
ElectraGen™XTi
2.5 kW Fixed/BTS
ElectraGen™H2 Broadband site
BTS (Indonesia)

Victoria (Australia)

SMART RO
5 kw
ElectraGen™XTi 3 kw

ElectraGen™XTi
BTS (Indonesia)

BTS (Philippines)
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http://www.telstra.com.au/

Business Case

2 EAKUOTIKEG TTEPITITWOEIG VIO EYKATACTOON CUCTNHATWY
TPOPODOCIag IOCXUOG KEAIWV KAUCIMOU:

Outdoor BTS Small Shelter

DC power: 20A - 70A DC power 30 — 100 A

Battery back-up: 200AH-500AH Battery back-up: 200AH-800AH
Optional Genset (15kVA-25KVA) Genset (15kVA-30KVA)

No air-con (DC only) Air-con units (2-4KVA)
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Ynaifpioc Zraduoc Baonc

For urban area with < 8 hrs of autonomy

N
- \? 2.5 or 5 kW fuel cell

- 24 VDC or 48 VDC -~
Outdoor BTS < Hydrogen fuel thas

\i‘(‘

For remote location or sites with > 8 hrs of autonomy

N—

DC

: = 7-_,‘_‘?\_.%_*__‘_1.-—‘ —)
(24VI48V) ] 3 or 5 kW fuel cell with reformer

24 VDC or 48 VDC

< Liquid fuel operation

220 L fuel tank (48 hrs autonomy)
Start-up energy storage module
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TunikoG TnAENIKOIVWVIAKOC OIKioOKOC

Site Power consumption: 6-8 kW
Telecom Equipment (DC): 3 kW
Other equipment: (lights/modems): < 1 KVA
Air conditioning (AC): 2-4 KVA
Air conditioning POVI;Z:tE?;k;(J)%:AH
Genset: 20-30 KVA

25°C

SN

Rectifier with batteries Telecom equipment
500 AH
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TnAsnikoivmviakog Oikiokog pe KeAia

Kaucipou

DC cooling system

Site Power consumption: <5 kW
Telecom Equipment (DC): 3 kW
DC air cooling: 1.5 KW
Power back-up:
3 or 5 kW fuel cell system
Li-ion battery (bridging)

35°C

AC

|
Rectifier
DC distribution

Telecom equipment
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Total Cost of Ownership

Fuel Cell vs. Diesel Generator & Batteries

Site Information

. Site load
*  Annual run time Break Even Analysis Graph
$120,000
Diesel Generator /./'
. Generator cost $100,000
. Acoustic enclosure cost
. Automatic transfer switch cost
. Theft cost $80,000
. Fuel cost and consumption "
. . )
° (7]
Operation & maintenance cost 8 —e—IdaTech ElectraGen SXTi
o $60,000 Cumulative Cost
>
. =
Batterles '—; —I—DieseIGenera.tor+ Battery
£ $40,000 Bank Cumulative Cost
. Battery cost ,
y 3
. Battery enclosure cost
. Battery replacement cost
. Operation & maintenance cost $20,000
Fuel Cel I s‘ T T T T T T T T T T 1
Initial 1 2 3 4 5 6 7 8 9 10
. Fuel cell cost _ Cost
. Fuel cost and consumption Years

. Operation & maintenance cost
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ZUMNEPACHA

H avTikatdotaon Twv TTETPEAAIOYEVVNTPIWY KAl TWV CUCCWPEUTWY UE
oUOTNUA KEAIWY KOUCiJOU TTapouaidalel Ta akOAouBa TTAEOVEKTHUATA:

- BeAtiwon Tng 31000 1MOTNTAS KPICIHWY CNMUEIWV

- Meiwon TnG KatavaAwong NAEKTPIKAG EVEPYEING OE AUTA
- ABOpUBN kal acliotrioTn AUon yia Tpogodoaia 1I0XUo¢ backup
- EAkuoTIKO TCO

- ATTod0TIKA Auon yia Tpogodoacia DC

2NUEPA, Ta CUCTANATA KEAIWV KOUGIHMOU TTPOC@PEPOUV Hid TTOAU
EAKUOTIKA AUOT VIO KPiCINO ONUEIa KAl EQAPHOYEG
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2UGC EVYAPIGTE) TTOAD YIA TNV
npocoyn cag!!!

www.cener.qr
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EKTOC OIKTUOU EPAPUOYEC

PV/Wind/Fuel Cell Hybrid sites
Greece




YBp10ika Zuotnuata (Renewable Energy Systems with
Hydrogen Storage, RESHS)
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