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Into the market
1- Cost

2 - Low round-trip efficiency

(although still better than batteries in long-term energy storage
applications)

3- Fresh water supply (but can be recycled from fuel cell)
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Grand goal

More energyefficientandeconomically competitive

systems for production of hydrogen by electrolysis from
solar and wind energy sources, and utilisation for electricity
generation and heat
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— Research projects

1- Optimal coupling of photovoltaic panels with PEM electrolysers
In solar/wind hydrogen systems for remote power supply

2- Optimal coupling of wind turbines and PEM electrolysers
3- Unitised Regenerative Fuel Cells (URFCSs)

4- Solarhydrogen Combined Heat and Power (CHP) systems

5- Solid state storages for hydrogen in Solahydrogen systems

6- Overall control system for a solarhydrogen system
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Safety measures

Pressure sensor to
report the function of
the fan to the safety
interlock system ~ [ A 4
Experimental rig in the fume
cupboard

24V DC supplyto the
_These power_outlets are hydrogen solenoid supply
interlocked with extraction fan valve svstem
and hydrogen sensors. The 24
V AC to DC converter is .
supplied from these outlets

Safety system are used for all the hydregelated
experiments at SAMME, RMIT
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Optimal coupling of photovoltaic panels with
PEM electrolysers in soldrydrogen systems
for remote power supply

Dr Biddyut Paul
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onventional and direct coupling of
PV array and electrolyser

DC-DC Electrolyser
Converter/MPPT - y :
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Conventional coupling of PV-PEM electrolyser

Direct coupling of PV-PEM electrolyser
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Characteristics of PV Panel

Current, | (amp)

G=1000 W/m?
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Simulated 1V characteristics curve of BP 275 (75 W) solar panel
showing maximum power point (MPP) line



PEM Electrolyser Characteristics
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Experimental vV characteristics curve of StaXX7 (50 W) PEM electrolyser
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Current, |

P\LElectrolyser Matching

=0— MPP =— Electrolysel

Voltage, V

Matching of maximum power point line of a PV module with cureitage characteristic curve of a PEM

electrolyser by changing the sergarallel stacking configuration in both the PV module and electrolyser
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Serieg parallel stacking of PV panels and

PEM electrolysers
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~—  Experimental Setup for PV Electrolyser Coupling

Electrolyser
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Pyranometer PV
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Comparison of experimental and theoretical energ
transfer and hydrogen production

Total direct coupling time (hr:min) = 728:10 (December 2007 -January 2008)

Effective operation time of electrolysers (hr: min) = 466:50

Maximum potential total PV energy available (kWh) = 44.33

Theoretical maximum potential total PV energy deliverable to the electrolysers (kWh) = 41.84

Experimental total PV energy delivered to the electrolysers (kWh) = 39.77

Difference between theoretical and experimental energy transfer (% of total energy delivered) = 4.95

Theoretical hydrogen production = 797.8 g

Experimental hydrogen production = 788.8 g

Difference between theoretical and experimental hydrogen production = 1.2%
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/ Direct coupling of RMIT 2.4 kW PV array with

CSIRO 2 kW PEM electrolyser

2.4 kW roof mounted PV array at 2 KW PEM Electrolyser
RMIT Bundoora East (Oreion Alpha 1)

PRMIT

UNIVERSITY 16



Optimal coupling of wind turbines and PEM
electrolysers

Dr AkraphonJanon
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— coupling of wind turbines and PEM electrolysers

ARG WWInd fSeries-parallel configuration

PEM electrolyser Turbine s :
of individual cells to achieve
the desired |-V characteristic

AMonitoring of cell
degradation over a long
period of time due to
electrical input fluctuation

ANumerical simulation of 1-V
characteristic and power
output

The best configuration, has a power
transfer efficiency of between 94-99%
within the wind speed range 6-12 m/s

(total losses 34.3 kWh/year) matches the PEM

AStudying of generator coil
layouts to achieve desired I-
V characteristic that best

electrolyser
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Unitised Regenerative Fuel Cells

Dr Arun Doddathimmaiah
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A schematic of ainitised regenerative fuel cell
system (URFC)

Power from
solar/wind/other source
Watt?r in ¢
( v g > ( \
H, O,
hS _h ______ I - B _C;h ______ I_
arge cycle
Hydrogen Ghalde oycie URFC S Oxygen
Storage |Discharge cycle Discharge cycle| Storage
................... H 2 02
Water out
Power out
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_ Roundiiip energy efficiencies at maximun inp

output of experimental URFCs: one of the main challenges

Round trip energy efficiency (¥

Other Technical Challenges:

ADesign of bifunctional oxygen electrodes
AExtending lifetime

AStack design

AURFC energy storage system design
ALowering unit costs
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New theoretical Mmoo
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Covers both electrolyser (E) and fuel cell (FC) mode operation
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Experimental tests
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Measured URFC polarisation curves for MEAs witd thg/cm2 Pt loading on
H-side and various catalyst loading ors(de
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— performance evaluation of URFCs

Energy efficiencies

Hzside O, side catalyst and  |Electrolyser|Fuel cell R_ound :
cata!yst and loading Efficiency [Efficiency trlp . Reking
loading efficiency

Pt - 0.4 mg/crh|Pt -0.4 mg/crh 71.3% 41.5%  [29.6% |14
Pt- 2 mg/crh |Pt- 0.4 mg/crh 72.4% 41.2% 129.8% (12
Pt - 0.4 mg/crh|Pt -1 mg/crf 71.5% 43.2%  [30.9% |11
Pt- 2 mg/crh |Pt- 1mg/c 72.5% 432% [313% |10
Pt-4 mg/crh |Pt- 1 mg/crf 75.7% 434% |32.9% |9
Pt- 2 mglcrh [Pt - 2 mg/crh 72.6% 46.3% |33.6% |8
Pt- 4 mg/crh [Pt - 2 mg/crf 76.0% 465% [35.4% |6
Pt- 4 mg/crfi |Pt - 4 mg/crf 76.3% 485% |37.0% |5
Pt-2mg/c |IrO, - 1 mg/cn 85.2% 323% [27.5% 17
Pt-4mglcrh |IrO, - 2 mg/enf 87.3% g L A LT
Pt-2mglei |IrO,RUO, - 2 mglcd  [83.4%  [35.2%  [20.4% |15
Pt-2mglcri |PYIrO,RUC, - 4 mg/cri 86.9% 448% (38.9% |4
Pt-2mg/cri {IrRuQ, - 2 mg/cnt 82.3% 36.2% [29.8% |13
Pt-2mglci |PYIrORUQ, - 4 mglcnt  |87.4% 46.3% |405% |2
Pt- 2 mglcrh |IrRu - 2 mg/crA 84.3% 31.0% [|26.2% |18
Pt- 2 mglcrh |PtIrRu - 4 mg/crh 81.8% 423% |346% |7
Pt- 2 mg/cfi [PYIrQ, - 2 mg/cnt 87.4%  |455% [39.7% |3
Pt- 4 mg/cri |PYIrO, - 4 mg/end 89.3%  |465%  |41.6%

Various measured energy efficiency values for the experimental URFCs. The
ranking in the final column is in terms of rodirip energy efficiency
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Solarhydrogen Combined Heat and Power (CHP)
systems for remote area power supply

Dr Bahman Shabani

PRMIT

UNIVERSITY 25



Typical Sankey Diagram for the fuel cell

The idea of fuel cell combined heat and power (CHP) in a solar-
hydrogen CHP system originates from here. This heat recovery can
improve the cost and round-trip efficiency of the system.

PV Array
Hydrogen Electrical Demand
Energy
I
L }

Heat removed by the
cooling system

S =

Excess
hydrogen

Fuel cell

Heat removed

through natural
convection from
the fuel cell

Hydrogen storage
Electrol 3
Heat used for rolyser

water evaporation

Heat removed by
the extra
Power reactants
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An Example to show the Fuel Céui"lmh'eat generation

Theoretical analysis on a 500 W PEM BCS fuel cell
hydrogen stoichiometry 1.2; air stoichiometry 2 ; inlet hydrogen pressure ~ 3-4 psi; exit air pressure 4 psi

130 W Power point 230 W Power point
Total heat 241 W @ 230 W power point
a Water
evaporation
30%
420 W Power point 500 W power point
[ | Heat
O Cooling removal by
load excess
67% reactants

3%
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Suggested simplified configuration for a solar-hydrogen CHP system

Before performing fuel cell heat recovery

Electrolyser
PV panel
Y—Iv Electrical
Hot water Demand
tank
T Cold water

LPG

P RMIT

UNIVERSITY
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Hydrogen

tank

Heat exchanger

:

After performing fuel cell heat recovery

PV panel

Hot water
tank

f

Electrolyser

Hydrogen

Electrical
Demand

LPG |4—

Low temp

Hot water [

Heat exchanger

tank




Computer Simulation Program

RMIT SolaHydrogen Analysis Program (RSHAP)

Mathematical models of the main components

A PV array: Diode-resistant model

A Fuel cell and Electrolyser: Modified Butler-Volmer equations

A Hydrogen Storage Tank: Low pressure conventional hydrogen tank

Irradiance (Wim *2)
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f A case study using RSHAP

Remote household in southeast Australia (family of two)

V Hourly solar radiation profile of Melbourne used as the typical profile for south-eastern Australia

V Dally electrical demand: 5 kWh

V Peak electrical demand: 0.3 kW

V Daily hot water consumption 100 litre/day @ 55 C

V A fuel cell stack based on the performance of a single cell of a 500 W BCS PEM fuel Cell

V An electrolyser stack based on the performance of a single cell of a 50 W StaXX7 electrolyser stack
VBP275 PV module

0.35 ~
0.30 A
0.25
0.20 A
0.15 A
0.10 A

4.9% KWh/day
0.05 - 0.3 kWh/h peak

Hourly demand profile (kKW h/h)

o000 +—+—— T 7T 7T T T T T T T T T T T T T T T T T T T
1 3 5 7 9 11 15 15 17 19 21 23

Day (24 hours)
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5 Fuel cell heat recovery to imnbrd"vé'tﬁé rouAtmip
energy efficiency of the energy storage sglgstem

Before heat recovery:
Fuel cell heat recovery on the optimally-sized fuel cell

(The cumulative annual energy flow of the solar-hydrogen system) Fuel cell efficiency= 999/2398= 41%
Round-trip energy efficiency = 999/3323=30%

After heat recovery:

Fuel cell CHP efficiency= (512+999)/2398= 63%
Round-trip energy efficiency = (512+999)/3323=45.5%

Hydrogen wastage (1.2 hydrogen stoichiometry)
606 kWh

Water evap. + extra reactants

282 kWh Thermal load
795 kWh

PRMIT
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the fuel cell

Isation by oversizing

System optim
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System opitindatioion by oversiznngg tie ffeécedll
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