WIND-HYDROGEN SYSTEMS
AND
THE PLANT IN KERATEA, GREECE

Dr. Elli Varkaraki
Centre for Renewable Energy Sources

il= xane

International Conference “Hydrogen on Islands”, Bol, Island of Bra , Croatia, 22-25 October 2008 %H”Ill" CRES



WIND-HYDROGEN SYSTEMS

Non-exhaustive list of renewable hydrogen systems involving wind power:

* Norway, Utsira Island system

» UK, Unst, PURE Island
 Denmark, Lolland, Islan
« Spain, Gran Canaria, R
* New Zealand, Totara Ve
» USA, Hawaii Power Patr

» Germany, Stralsund

» UK, Loughborough, HA
* USA, Xcel-NREL WindZ
« Sweden, Malmo, Hydro

system

d system

ES2H2 Wind-H2-desalination plant
lley remote power
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RI project
H2 project
gen filling station (electrolyser with “wind” certificate)

* Greece, Keratea

» Japan, Mahoroba project (wind-hydrogen-fuel cell)

« Japan, Aomori
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WIND-HYDROGEN SYSTEMS

IMPLEMENTING AGREEMENT

IEA/HIA Task 18 - Integrated Systems Evaluation
Operating Agent: Susan Schoenung (USA)

Phase I: January 2004 — December 2006
Phase Il: January 2007 — December 2009

Objectives:

Establish a database of international hydrogen development activities, capabilities and
demonstrations; Evaluate hydrogen systems performance, cost, safety, and Codes and
Standards permitting policies; Develop and disseminate lessons learned
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HYDROGEN IMPLEMENTING AGREEMENT

IEA/HIA Task 24 - Wind Energy and Hydrogen Integration
Operating Agents: Luis Correas, José R. Largo, Ismael Aso (Spain)
http://task24.hidrogenoaragon.org/

Objectives:

* to explore in detail all possible issues (technical, economical, social,
environmental, market and legal) related to hydrogen production using
electrolysis with wind energy

* to explore in detail possible applications for hydrogen produced by electrolysis
using wind energy, with special emphasis on full wind & hydrogen integration by
means of hydrogen storage and electrical conversion that balances the original
wind energy production, allowing an approach to demand that closes the gap with
conventional energies.

Subtask A: State of the art
Subtask B: Needed improvements & system integration
Subtask C: Business concept development

Subtask D: Applications. Emphasis on wind energy management

International Conference “Hydrogen on Islands”, Bol, Island of Bra , Croatia, 22-25 October 2008



WIND-HYDROGEN PLANT DESCRIPTION IN KERATEA

« 500 kW synchronous wind turbine

» 25 kW alkaline electrolyser at 20 bar
* Single stage hydrogen compressor

* Filling station at 220 bar, 120 Nm? H,
» Metal hydride tanks, 42 Nm3 H,

» Water chiller for cooling needs

* Instrument air compressor

 Control unit based on PLC

FP5 EC project RES2H2 (2002 — 2007)
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WIND-HYDROGEN PLANT DESCRIPTION

Alkaline electrolyser 25 kW

Power operating range: 20-110%

DC operation: 0-300A,0-120V
Operating pressure: 20 bar

H, production: 0.45 kg/h (5 Nm3/h)
H, purity (after purif.): 99.98%v. (wet)
Electrolyte: KOH solution 30%w.

Demineralised water consumption 4.1 I/h
Casale Chemicals SA, Switzerland
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WIND-HYDROGEN PLANT DESCRIPTION

Hydrogen Compressor
Single-stage, triple metal diaphragm

Inlet pressure: 8 — 18 bar
Outlet pressure: 220 bar
Nominal rate: 0.45 kg/h (5 Nm?3/h)

at 14bar/40°C inlet
PDC Machines Inc., USA

Buffer: 360 L volume
Filling station : 10.7 kg H, (120 Nm3)
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WIND-HYDROGEN PLANT DESCRIPTION

Metal Hydride tanks

FIT, Cyprus
Labtech SA, Bulgaria

Metal alloy: La,  Ce,Nig

Total capacity (6 cylinders): 3.6 kg H, (40 Nm3 H,)
Mass specific H, capacity: 0.65 %w (MHT)

Hot water boiler 4 kW,

Heat transfer limited operation

NEW!!
PEM Fuel Cell for cogeneration

Exergy Fuel Cells SA (Morphic, Sweden)
Model Penta H2 7.5 kW
Max. Power output 6.3 kW (AC to the grid)
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RESULTS & DISCUSSION
WHAT ARE THE HARDWARE COSTS?

Water electrolyser: 135 kEuro
Hydrogen Compressor: 50 KEuro
Metal Hydride Tanks: 40 kEuro
Auxiliaries: 11 kEuro
Filling Station with P&l: 23 KEuro
Power & Control: 40 kEuro

TOTAL: 300’000 Euro
(+40°000 Euro for Engineering, Operation and Maintenance for 3 years)

Mean electrical power requirements of the system at full power (AC)
Water electrolyser: 29 kW
Hydrogen Compressor: 2.4 kW
Water chiller: 1.5 kW
Instrument Air Compressor: 0.2 kW

Mean system efficiency from AC power to compressed hydrogen fuel: 53% (HHV)

System efficiency under optimised conditions of operation (part load): 65% (HHV)
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Electrolyser under variable power operation
and at steady state
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RESULTS & DISCUSSION
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» 400 operating hours in 3 years

* More than 400 electrolyser interruptions
« Saving of 8 MWh without stack polarisation
» Around 2-5% of electrode de-activation

» AC power efficiency in the range 50-70% (HHV)
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Electrolyser stack efficiency
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RESULTS & DISCUSSION

Filling of the MHTs under steady flow without external cooling
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Preheating and partial discharge of the Metal Hydride Tanks
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RESULTS & DISCUSSION

The electrolyser fills the buffer then a high pressure cylinder (080103)
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The overall efficiency can be increased by a modular high pressure storage

The cooling water circuit should be optimised, and the cooling water coming out of
the compressor could be used in the electrolyser.
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