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Abstract

Hydrogen is usually used as a means of storing the energy produced from renewable energy resources. The electrolyzer,
meanwhile, is a system by which hydrogen can be produced sustainably. In the present paper, a Concentrated Photovoltaic
Thermal/Organic Rankine Cycle (CPVT/ORC) system coupled with a PEM electrolyzer system is simulated and
evaluated. Concentrated solar radiation is used as the input energy of the coupled system. Part of this radiation is converted
directly into electrical energy using the Photovoltaic (PV) panel, and the rest enters the organic Rankine cycle system as
heat. The heat in the cycle is converted into mechanical power by the turbine and finally into electrical energy by the
generator. The total electrical power generated by the organic Rankin panel and cycle enters the electrolyzer for producing
hydrogen. A combination of MATLAB and REFPROP software was used to simulate the system performance. The most
striking result is that that the net generating power of the system is equal to 3820 watts, which is equivalent to producing
0.02072 grams per second of hydrogen and 0.0829 grams per second of oxygen.
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1. INTRODUCTION

Increasing energy demand and the resulting
environmental effects have led energy experts to focus
more on the development of energy production systems
from renewable energy sources. Among renewable
energy resources, solar energy has become one of the
most important sources of renewable energy in the
world due to its high potential and cheaper conversion
technologies. The combination of energy technologies,
in addition to increasing the reliability of these systems,
can also lead to a decline in the cost of energy
production. In this paper, a hydrogen production system
using the PEM electrolyzer is simulated and the results
of the system performance in different operating
conditions are reported. A combination of CPVT and a
modified ORC system is used to produce electricity as
the input energy of the electrolyzer system. Energy
analysis of subsystems, electrolyzer system simulation,
along with simulation results and parametric analysis
are described below. In the present study, a
concentrated photovoltaic thermal/organic Rankine
cycle system coupled with a PEM electrolyzer system
is simulated. In the following sections, the system
simulation methodology, system performance results
such as turbine output power, pump consumption
power, net output power, ORC efficiency, total
electrical efficiency, hydrogen production, and oxygen
production will be reported. Then, using parametric
analysis, the effect of changes in affecting parameters

on system performance is determined.

2. MATERIAL AND METHOD

The general schematic of the system is shown in Fig. 1.
In this system, part of the concentrated solar radiation
in the photovoltaic panel is first converted into
electrical energy. The rest of the energy is thermal, part
of which is conveyed by heat transfer and radiation
from the system to the environment, and the rest of the
heat is transferred from the panel to the organic Rankin
cycle by the working fluid. To maximize the thermal
input power to the cycle, a recuperator is used to
preheat the fluid before entering the photovoltaic
system. The heat generated in the panel leads to
produce power in the organic Rankine cycle. Finally,
two electric powers enter the PEM electrolyzer in order
to produce hydrogen. The PV panel electricity
production is calculated by the following equation:

va = vanpvninv (1)

The ORC power production is also calculated using the
following relation:

Porc = Morel(hy — ha)Ngen — (hs — hy)] (2)

The sum of these two powers is considered as the input
of the electrolyzer system for producing hydrogen.
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Finally, the mass flow rate of hydrogen produced in the
electrolyzer is obtained by the following equation [1]:

3

NHz.out = 2F = ZNHZO.reacted
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Figure 1. Detailed layout of the proposed system

3. Validation

To validate the present study, the thermodynamic
characteristics of the fluid at different points of the
cycle through simulation (a) are compared with the
values obtained in reference [2] (b) shown in Table 1.

Table 1. Thermodynamic properties of the fluid
compared to the Ref. [2]

Point 1 2 3 4
Temperature a 90 45.18 30 30.37
0 b 90 49 30 30.04

a 10.063 1.7785 1.7785 10.063
Pressure (bar) ——
b 10.044 1.7904 1.7904 10.044

Enthalpy (kJ/ 46821 44115 239.12 239.85
kg) 47048 44501 239.60 24035

&

b
Entropy (kj/ & 17856 18007 1.1355 1.1359
kgK) b 17925 18137 1.1372 11377

4. Results and Discussion

Table 3 shows the operating parameters of the system
including turbine output power, pump consumption
power, net output power, organic Rankine cycle
efficiency, overall electrical efficiency, and hydrogen
production rate. According to the results, the net
electrical power produced by the system is equal to
3820 watts, which is equivalent to 0.02072 g/s of
hydrogen and 0.0829 g/s of oxygen.

Table 2. Values of system performance parameters

Parameter Value Unit
Turbine output power 3980.01 w
Pump consumption 160.01 w
Net power production 3820.00 w
ORC efficiency 12.97 %
Total electric efficiency 9.55 %
Hydrogen production 0.02072 g/s
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Oxygen production 0.08290 g/s

5. Conclusion

In this paper, an improved CPVT/ORC system was
evaluated. The parabolic through concentrator system
was used to transfer heat to the working fluid. A PEM
electrolyzer system was also used to produce hydrogen.
A combination of MATLAB and REFPROP software
was used to simulate the system. Performance
parameters such as turbine output power, pump
consumption power, photovoltaic generating electric
power, hydrogen production rate, and thermal and
electrical efficiencies were investigated. In the future,
exergy and economic analysis can be used to better
understand system performance.
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