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EXTENDED ABSTRACT

Introduction

In recent years, the use of renewable energies has been facing increasing growth and
different countries have attempted to benefit from these resources as much as possible,
considering their industrial and economic capabilities and geographical potentials. Sun and
wind are the two major sources of renewable energy that will account for a large part of
energy production in the future. The energy supplied from these sources is unpredictable,
and as a result, to increase the reliability and availability of the load, the capacity of these
power plants and their storage system should be considered much higher than the amount
ofload demand. The goal of this research was the optimal design of a hydrogen-based hybrid
WG/PV system. Optimization variables included the number of wind turbine generators, the
number and installation angle of photovoltaic arrays, and the capacities of electrolyzer, and
fuel cell. System costs consist of the annualized costs of investment, replacement, operation,
and maintenance of components, as well as costs of load interruptions during 20 years of
operation. The problem was subject to the maximum allowable equivalent loss factor (ELF)
reliability index. System simulation was also subject to some other constraints such as the
components’ maximum and minimum power and energy.

Methodology

As can be observed in Figure 1, the system consisted of 6 major components as well as a
DC and an AC Busbars. These components included wind turbine generators, PV arrays,
electrolyzer, hydrogen storage tank, FC, and DC/AC converter (inverter).
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Figure 1. Block diagram of a hybrid wind-photovoltaic generation unit with ESS.

The system was simulated and reliability/cost assessment studies were carried out.
Then, using economic factors, results were expanded to the 20 years of the system’s
lifetime. In this research, the method of using the hybrid system was determined
according to its working conditions. Basically, in each time step, one of the following
conditions was established:

—  The total production power of renewable sources = the consumption power of the

load: in this case, all the production power by renewable sources was injected into
the load.
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The total production power of renewable sources < load consumption power:
under these conditions, the fraction of load demand was provided by the fuel cell.
The total production power of renewable sources = load consumption power: in
this situation, the excess production power by wind and solar units was directed
toward the electrolyzer to be converted into hydrogen.

Results and discussion

To simulate the studied system, the annual wind and radiation data related to one of the
regions of Iran and the load pattern related to the IEEE reliability test system with an annual
peak of 50 kW were used. This system was simulated for one year, with a time step of one
hour, and its economic calculations were conducted by considering two different scenarios
(winter and summer peak load).

The results of scenarios 1 and 2 are shown in Tables 1 to 4.

Tables 1. Optimal combination in Scenario 1.

Algorithm 9PV P Fuel Cell P Electrolayzer N PhotoVoltaic N Wind Generator
CSA 33.162 45.21 101.44 211 10
PSO 33.162 45.21 101.44 211 10

Table 2. Optimal costs and reliability index in Scenario 1.
Algorithm  ELF  CostofLoss of Load (M$) Annual Cost (M$)

CSA 0.0091 0.1401 2441

PSO 0.0091 0.1401 2441

Tables 3. Optimal combination in Scenario 2.

Algorithm 9PV PFuel Cell PElectrolayzer NPhotoVoltaic Nwind Generator
CSA 30.217 48.106 121.214 242 8
PSO 30.01 56.854 125.658 239 8

Table 4. Optimal costs and reliability index in Scenario 2.
_Algorithm  ELF __ CostofLoss of Load (M$) Annual Cost (M$)

CSA 0.0033 0.0547 2.687

PSO 0.003 0.0555 2.701

By comparing the results obtained in the two scenarios, the following conclusions
were made:

To supply the system load in the summer scenario, it is necessary to increase the
number of solar arrays.

The capacity of the electrolyzer required in the summer scenario was
approximately 20% more than in the winter scenario. One of the reasons for this
was that by shifting the peak load from winter to summer, the night peak load of
the system also shifted to summer.

The comparison of the tables related to the two scenarios shows that the
installation angle of the arrays in the summer scenario was approximately 3.4
degrees less than the installation angle in the winter scenario. This is justifiable
considering the peak summer load time.
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—  The CSA algorithm provided a better answer for the summer scenario compared to
the PSO algorithm. This shows the optimal performance of this algorithm in solving
optimization problems.

Convergence curves of the CAS algorithm, for 4 independent runs, are depicted in Figure
2.1t can be observed that the algorithm converged to the optimal fitness value after, more or
less, 140 iterations. Thus, 180 iterations can be considered a fair termination criterion.
Moreover, it was observed that the algorithm, for all the runs, almost converged to the same
optimal value (global optimum). It is noteworthy that the same fitness value does not
necessarily mean the same optimal combination. Some far points in the solution space may
have close fitness values in the objective domain.
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Fig. 2. Convergence of the optimization algorithm.

Conclusion

In the present research, a hybrid WG-PV generating system was designed for a 20-year
timeline. The optimal combination of components was achieved by a novel variation of the
Crow Search Algorithm, which acceptably converges to the global, or near to the global,
optimum combination. The optimization problem was subject to the reliability constraint.
Results indicated that the costs of the system directly depend on its components’
reliabilities. In the current study, the outage probabilities of three major components of the
hybrid system, i.e., wind turbine generator, photovoltaic array, and DC/AC converter were
taken into consideration. Versatile software, developed in MATLAB programming
environment, carried out all these huge computations, including yearly simulation of the
system with 1-h time steps, accurate evaluation of reliability index, and optimization
algorithm. The software is capable of integrating any component model and, therefore, quite
flexible to be implemented in any application. It only requires input of the wind speed, solar
radiation, and load demand data, as well as specifications of the system components, and
then running the software.
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