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Fundamental Study on Production of Hydrogen with Photovoltaic Module
(Comparison operational points of direct connection
with maximum power point tracker (Pmax) )
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Abstract

Recently, hydrogen has attracted special interest as the clean energy carrier. One of production of
hydrogen is the water electrolysis with solar energy. This has been called “Solar Hydrogen”

We have designed and constructed the experimental system which is constituted the hydrogen
generator coupled the photovoltaic module with rated capacity of 90W directly, and measured and
analyzed the various basic data such as production of hydrogen, 1-V characteristics and cell
temperature for photovoltaic module and water electrolysis cell.

In this paper, we calculated the annual production of hydrogen by the computer simulation, and
analyzed various photovoltaic modules by UUF (useful utilization factor of photovoltaic module
output) . UUF is the ratio of operational point of direct connect to maximum power point tracker
(Pmax) .

As the result of the simulation, designed system is able to produce 14k £ of Hydrogen per year, and
as the result of optimization of photovoltaic module, it is found that optimum module is 5 cells in
series and 11 strings in parallels. At this time annual production of hydrogen is 16k £ and UUF is 96%.
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Dotted line shows the flow for calculation
of useful utilization factor (UUF)
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Photovoltaic module type Mono-Si
Cells combination 7 Series 9 Parallels
Module area 0.726 md
Maximum power 93.3W
Operating voltage 3.4V
Operating current 27.45A
Efficiency 12.85%

Measuring conditions: 1kW/mi,Tc=25°C,A.M.1.5
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Hydrogen generator type | OPGU-1500 (modification)
Method Solid polymer electrolyte
Formation of gas H2 (above99.99%)
Flow rate of H, 225m/min
Maximum input 2.4V,32A
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Electrolytic cell

Current [A]

Voltage [V]
O 1r=270W/m Te=47C
A Ir=471W/m Tc=44C
O I1rr=749W/ni Tc=45C
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Rs Series resistance 0.011 Q
Rsh Parallel resistance 1950 Q
n Diode factor 1.15

Temperature coefficient
Co of saturation current 15.0
Eg Energy gap 1.13eV
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Wind velocity N
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. Experimenta | 5 min results(¢] | 1 hour results[¢]
Time 1 (Relative error[%]) (Relative error[%))
results([¢]

9.75 9.66

1 9.69 0.62 032
10.47 10.53

12 10.49 (020 033)
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Number Number of cells in series 2
of strings in 3
parallel 4 5 6 7 Z
9 51.9% 95.7 % 83.5% 71.8 % g ' 1 1 . '
10 50.0 % 95.8% 84.0 % 722 % % 0'00 200 400 600 800 1000
11 483% | 959% | 843% | 725% Irradiance [W/m]
12 467% | 958% | 840% | 722% 11 KEE#H HF R UUF(7S-9P)
=8 ERKERERLEMHAYULY OFEMKRERER
] Number of cells in series
Number of strings 4S 58 6S 7S
in parallel (1.9V) (24V) (2.9V) (3.4V)
9P 5.9k* 1106/W** | 13.3kf 1994/W 14.1k¢  1764/W 14.1k¢  1524/W
(27.5A) (53.3W**+) (66.7W) (80.0W) (933W)
10P 6.3k¢ 1074/W 14.8k¢  2004/W 15.6k¢ 1764/W 15.7k¢  1514/W
(30.5A) (59.2W) (74.1W) (88.9W) (103.7W)
11P 6.7k¢ 1034/W 16.3k¢ 2014/W 17.2k¢  1764/W 17.3k¢  1514/W
(33.6A) (65.1W) (81.5W) (97.8W) (114.1W)
12P 7.1k¢  1004/W 17.8k¢  2004/W 18.7k¢  175¢4/W 18.7kf 1504/W
(36.6A) (71.0W) (88.9W) (106.7W) (124.4W)
* : Annual production of hydrogen , ** : Annual production of hydrogen per watt
sk Rated value of PV module (1kW/nf,Tc=25°C,A.M.1.5)
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