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.ŀǊǊƛŜǊǎ ŦŀŎƛƴƎ ǎƻƭŀǊ ƘȅŘǊƻƎŜƴ ǎȅǎǘŜƳǎΩ ŜƴǘǊȅ 
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)

Energy market
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Grand goal

More energy-efficient and economically 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 (URFCs)

4- Solar-hydrogen Combined Heat and Power (CHP) systems

5- Solid state storages for hydrogen in Solar-hydrogen systems

6- Overall control system for a solar-hydrogen system



Safety system are used for all the hydrogen-related

experiments at SAMME, RMIT
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Safety measures
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Optimal coupling of photovoltaic panels with 
PEM electrolysers in solar-hydrogen systems 

for remote power supply

Dr BiddyutPaul 

 

http://www.nrel.gov/data/pix/Jpegs/12508.jpg
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Conventional and direct coupling of 
PV array and electrolyser 

Electrolyser

PV Array

DC-DC 

Converter/MPPT

Conventional coupling of PV-PEM electrolyser

Direct coupling of PV-PEM electrolyser
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Characteristics of PV Panel

Simulated I-V characteristics curve of BP 275 (75 W) solar panel 

showing maximum power point (MPP) line 
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PEM Electrolyser Characteristics
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Experimental I-V characteristics curve of StaXX7 (50 W) PEM electrolyser
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PV-Electrolyser Matching
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Matching of maximum power point line of a PV module with current-voltage characteristic curve of a PEM 

electrolyser by changing the series-parallel stacking configuration in both the PV module and electrolyser
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Seriesτparallel stacking of PV panels and 
PEM electrolysers

Electrolyser bankPV array
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Loss of energy and hydrogen production from 
different  combinations

PV- electrolyser combination Annual energy 

loss æE kWh

Annual energy loss 

æE%

Annual hydrogen 

production (g)PV module 

combination

Electrolyser stack 

combination

1 1 - - ð

1 2 Ɛ 8.77 9 1931

2 Ɛ 2 Ɛ - - ð

2 Ɛ 3 Ɛ 14.13 7.25 3831

3 Ɛ 3 Ɛ - - ð

3 Ɛ 4 Ɛ 18.17 6.22 5758

4 Ɛ 4 Ɛ - - ð

4 Ɛ 5 Ɛ 21.88 5.62 7683

4 Ɛ 6 Ɛ 29.29 7.52 7707

2 + 2 + - - ð

2 + 3 + 91.99 47.23 2275

3 + 3 + - - ð

3 + 4 + 43.10 14.75 5291

4 + 4 + - - ð

4 + 5 + 20.45 5.25 7750

4+ 6+ 183.55 47.12 4591

2+ 2+ Ɛ2+ 18.36 9.43 3847

2+ Ɛ 2+ 2+ Ɛ 2+ - - ð

2+ Ɛ 2+ 2+ Ɛ 2+ Ɛ 2+27.34 7.02 7715

2+ Ɛ 2+ 3+ Ɛ 3+ 187.24 48.07 4483

3+ 3+ Ɛ 3+ 25.8 8.83 5823
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Experimental Setup for PVτElectrolyser Coupling
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Comparison of experimental and theoretical energy 
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 kW PEM Electrolyser 

(Oreion Alpha 1)

2.4 kW roof mounted PV array at 

RMIT Bundoora East 
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Optimal coupling of wind turbines and PEM 
electrolysers

Dr AkraphonJanon
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PEM electrolyser
ÅSeries-parallel configuration 

of individual cells to achieve 

the desired I-V characteristic

ÅMonitoring of cell 

degradation over a long 

period of time due to 

electrical input fluctuation

ÅNumerical simulation of I-V 

characteristic and power 

output

ÅStudying of generator coil 

layouts to achieve desired I-

V characteristic that best 

matches the PEM 

electrolyser

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)

AIR 403 (400 W) Wind 

Turbine

coupling of wind turbines and PEM electrolysers
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Unitised Regenerative Fuel Cells

Dr Arun Doddathimmaiah
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A schematic of a unitised regenerative fuel cell 
system (URFC)
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Round-trip energy efficiencies at maximum power input and 
output of experimental URFCs: one of the main challenges

R ound trip energ y effic ienc y (%)
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Other Technical Challenges:

ÅDesign of bifunctional oxygen electrodes
ÅExtending lifetime
ÅStack design
ÅURFC energy storage system design 
ÅLowering unit costs
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Oxygen electrode

Hydrogen electrode

Use same 

equations for both 

modes by 

changing signs of 

overpotentials (ɖO

and ɖH ) and hence 

current densities 

between modes

New theoretical model of URFC 
Covers both electrolyser (E) and fuel cell (FC) mode operation

Additional terms based 

on logistic function to 

incorporate saturation 

effects at high current 

densities in both modes
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Measured URFC polarisation curves for MEAs with 2-4 mg/cm2 Pt loading on 

H-side and various catalyst loading on O-side

Experimental tests 
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Performance evaluation of URFCs

H2 side 

catalyst  and 

loading

O2 side catalyst  and 

loading

Electrolyser 

Efficiency 

Fuel cell 

Efficiency

Round 

trip 

efficiency

Ranking

Pt - 0.4 mg/cm
2

Pt -0.4 mg/cm
2 71.3% 41.5% 29.6% 14

Pt - 2 mg/cm
2

Pt - 0.4 mg/cm
2 72.4% 41.2% 29.8% 12

Pt - 0.4 mg/cm
2

Pt -1 mg/cm
2

71.5% 43.2% 30.9% 11

Pt - 2 mg/cm
2

Pt - 1mg/cm
2

72.5% 43.2% 31.3% 10

Pt - 4 mg/cm
2

Pt - 1 mg/cm
2

75.7% 43.4% 32.9% 9

Pt - 2 mg/cm
2

Pt - 2 mg/cm
2

72.6% 46.3% 33.6% 8

Pt - 4 mg/cm
2

Pt - 2 mg/cm
2

76.0% 46.5% 35.4% 6

Pt - 4 mg/cm
2

Pt - 4 mg/cm
2

76.3% 48.5% 37.0% 5

Pt - 2 mg/cm
2

IrO2 - 1 mg/cm
2

85.2% 32.3% 27.5% 17

Pt - 4 mg/cm
2

IrO2  - 2 mg/cm
2

87.3% 33.2% 28.9% 16

Pt - 2 mg/cm
2

IrO2RuO2 - 2 mg/cm
2

83.4% 35.2% 29.4% 15

Pt - 2 mg/cm
2

Pt/IrO2RuO2 - 4 mg/cm
2

86.9% 44.8% 38.9% 4

Pt - 2 mg/cm
2

IrRuOx - 2 mg/cm
2

82.3% 36.2% 29.8% 13

Pt - 2 mg/cm
2

Pt/IrORuOx - 4 mg/cm
2

87.4% 46.3% 40.5% 2

Pt - 2 mg/cm
2

IrRu - 2 mg/cm
2

84.3% 31.0% 26.2% 18

Pt - 2 mg/cm
2

Pt/IrRu - 4 mg/cm
2

81.8% 42.3% 34.6% 7

Pt - 2 mg/cm
2

Pt/IrO2 - 2 mg/cm
2

87.4% 45.5% 39.7% 3

Pt - 4 mg/cm
2

Pt/IrO2 - 4 mg/cm
2

89.3% 46.5% 41.6% 1

Energy efficiencies 

Various measured energy efficiency values for the experimental URFCs. The 

ranking in the final column is in terms of roun-dtrip energy efficiency
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Solar-hydrogen Combined Heat and Power (CHP) 
systems for remote area power supply

Dr Bahman Shabani



Typical Sankey Diagram for the fuel cell
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An Example to show the Fuel cell heat 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
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Computer Simulation Program
RMIT Solar-Hydrogen Analysis Program (RSHAP)

Mathematical models of the main components
Å PV array: Diode-resistant model

Å Fuel cell and Electrolyser: Modified Butler-Volmer equations

Å Hydrogen Storage Tank: Low pressure conventional hydrogen tank



A case study using RSHAP
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Remote household in southeast Australia (family of two)

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

VDaily electrical demand: 5 kWh

VPeak electrical demand: 0.3 kW

VDaily hot water consumption 100 litre/day @ 55 C

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

VAn electrolyser stack based on the performance of a single cell of a 50 W StaXX7 electrolyser stack

VBP275 PV module



Fuel cell heat recovery to improve the round-trip 
energy efficiency of the energy storage sub-system

31

Before heat recovery:

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%



System optimisation by oversizing the fuel cell
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System optimisation by oversizing the fuel cell
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