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SOLAR HYDROGEN ENERGY

SOLAR HYDROGEN PRODUCTION AND UTILIZATION -
A COOPERATION IN RESEARCH, TECHNOLOGY AND EDUCATION
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Project Financing & Working Packages

HYSOLAR
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Functional Principle of an Alkaline Electrolysis Cell
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Coupling of energy converters

7 Development and use of a test and data evaluation standard
7 Long-term examination of coupling behaviour of a PV-electrolysis system

PHOTOVOLTAIC

GENERATOR

[ — i

DIRECT CONNECTION CONCEPT

|
|
|
|
|
|
|
|
[
|
_1
[
;
!
!
!
!
!
|

POWER CONDITIONING UNIT

FULL DC/DC CONCEPT

BYPASS 0C/DC

CONCEPT

ELECTROLYZER

Technical Principle

H,0

Functional Principle

PHOTOVOLTAIC

GENERATOR
| 3\:

‘-—1

fu

Ipy

INS

)

PL

A

POWER ALKALINE WATER
CONDITIONING ELECTROLYZER
H20 0zHp
[’ I/ 7 7
7llZllZ Itz
b . A
- AAAY

Experimental system setup in the HYSOLAR project

Examination and evaluation of different coupling principles between photovoltaics and electrolysis
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350/500kW Solar-hydrogen

production demonstration plant

Demonstration operation B S
2 3kW Solar hydrogen
1993 - 2000 10kW Solar hydrogen test facility
research and development facility Test operation
Experimental operation 1989 - 1995
1987 - 2004
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Electrolysis Facilities of the Project
P =2 - 350/ 500kW, p =1 -10bar,,s, T =40 —95°C
(1) Research/ Test systems

Original Deliverer
HYDROGEN SYSTEMS /

HYDROTECHNIK
3/ 2kW

Original Deliverer g=&
FZ JULICH
10kW
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10 kWy Photovoltaic-Electrolysis Facility
In the HYSOLAR Building

Hydrogen
Storage System

Operation PV-field

Electrolysis Data Acquisition

Equipment Control and Evaluation 14,3 kW, / 10 kW
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10 kWy Photovoltaic-Electrolysis Facility
In the HYSOLAR Building, Main Requirements for Concept
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Electrolysis Plant of the Project
P =2—-350/ 500kW, p =1 -10barg,s, T =40 —95°C
(2) Produktion demonstration

5000cm?- block V.1

-_ Not accepted

5000cm?- Block V.2

Not accepted

S e | 2500cm2- Block V.3
350/500 kW pressure electrolysis plant

approved by TUEV,
in operating condition

Accepted and
approved
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Facility Building of the 350 kW, Photovoltaic Elektrolysis Plant

PV-Field Control & Hydrogen & Water
Power Adaptation Oxygen Outlets Tank

Control Room & Elektrolysis Hydrogen Hydrogen
Cooling Systems Installation Purification & Compression Storage System
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System Installation of the 350 kW, PV-Electrolysis Facility
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H,-Water- Water
Separation Separator
Elektrolysis KOH

Block Circuit
N,-Purge Water
System Circuit
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H,-Purification and Storage System of the 350 kW Facility
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Hydrogen / Nitrogen Storage of the 350 kW Facility

b

Nitrogen Inertisation Hydrogen
System Bundle 2

Hydrogen
Bundle 1

# Deutsches Zentrum . .
DLR fiir Luft- und Raumfahrt eV Dipl.-Ing. Andreas Brinner 09.07.10
in der Helmholtz-Gemeinschaft Institute of Vehicle Concepts



Lhwr i
Dynamic electrolysis operation is safe with actual

techological state of the art and can be approved regularely
Safety technology can be standardised HYS 10 & HYS 350

for all kinds and power levels of electrolysis plant Operating permission for production

Assurance Signalisation and delivery of solar hydrogen
of gas quality devices

Provisional Aceeptance Certificate HYSOLAR 350 @ Simsiioehond e

Operator: King Abdulaziz City for Science and Technalogy (K.A.C.5.T))
Prince Abdullah bin Abdulaziz Street
Riyadh 11442 / Kingdom of Saudi-Arabia

Site of plant: Hysolar 350 in Solar Village
Riyadh 11442 /K.S.A

Engineering by: German Aerospace Research Establishment
Linder Hohe
5000 Cologne 90 / Germany

Process: Solar-powered electrolysis on water producing and bottling hydrogen
Tnspected by: Dipl -Tng, Michael Koritz / Dipl -Ing. Peter Kardel
TUV Sudwestdeutschiand eV

Establishment Stuttgart
Dpt. for steam and pressure technology / Dpt. for electro
70794 Filderstadt / Germany

Inspection-list: Preliminary examination of hydrogen storage vessel before reconstruction
Construction and pressure test of gas-demistors for hydrogen and oxygen
Construction and pressure test of gas separators for hydrogen and oxygen
Chemical analysis of hydrogen storage vessel material sample
Pressure test of pipings for electrolyte, oxygen, hydrogen and ritrogen
Measurements upon out-of-rounds of hydrogen storage vessels
Dye penetrant check upon stress cracks of hydrogen storage vessel
Construction and pressure test of hydrogen storage vessel
Measurements upon out-of-rounds of gas separator for hydrogen
Interpretation of x-ray films of pipe- and vessel-welds
Construction test of pipings
Inspection of safety facilities (mechanical aspects)

Inspestion of explosion-safe equipment
Examination of lightning protection and grounding
s it :

pon. of electrical equi and i to
Inspection of safety facilities (electrical aspects)

ROO m a | r O pe rat| O n Place and date: Solar Village, September Ist 1993 / Rabi'] 15th 1414

.. Fr

supervision Emergency safety o foS T ld]

#7 shut down i ol s e
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Improvement potentials

» EFFICIENCY Improved materials fir membranes and cell frames

» COSTS Simplification of system peripherals

» OPERATING RANGE Increase of product gas quality in dynamic operation
» OPERATING RANGE Improvement of tolerance to user lower water qualities
» AUTONOMITY Grid autonomy of the entire system

» OPERATING COSTS Automation of dynamic operation

» AVAILABILITY Industrialisation of development results

What is left to be done? A LOT!!!

Thank you very much for your attention !
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