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Abstract : Hybrid renewable energy system consisting of photovoltaic, wind generator with
battery, fuel cell and inverter. An optimized hybrid energy system is the combination of two or
more energy sources which is used to supply the targeted load. In the energy system, one of the
most important applications is the installation of well design hybrid energy system in remote
areas where grid extension is very difficult and costly. But the proper design of the system is
the challenging task as the coordination between different energy sources; energy storage and
load are very complicated. The process of hybrid renewable energy system is selecting suitable
components, its sizing and control strategy to provide efficient, reliable power and minimum
cost. The system has been optimized by using robust optimization technique. Finally, the
simulation result has been derived in MATLAB Simulink with the required formulation.
Keywords : Robust algorithm, solar energy, wind power, hybrid system.

Introduction

Nowadays no one can imagine life without electricity. The role of energy generation is one of the most
important factors for the development of any country. The main sources of electrical energy now depleting and
conventional systems have failed to provide reliable electricity and minimum cost in rural areas which away
from the grid .

Hybrid renewable energy system is the combination of two or more energy resources to supply the
load. Hybrid energy system consists of photovoltaic, wind generator, inverter, while the battery and fuel cell are
used as backup unitsp; (g).

A hybrid renewable PV and wind energy system is a combination of solar PV, wind turbine, inverter,
battery, and fuel cell components. A number of models are available in the literature of PV—wind combination
as a PV hybrid system, wind hybrid system, and PV—wind hybrid system, which are employed to satisfy the
load demand. Once the power resources (PV and wind flow energy) are sufficient excess generated power is fed
to the battery until it is fully charged. Thus, the battery comes into play when the renewable energy sources
(PV—-wind) power is not able to satisfy the load demand until the storage is depleted.

The operation of hybrid PV-wind system depends on the individual element. In order to evaluate the
maximum output from each component, first the single component is modeled, thereafter which their
combination can be evaluated to meet the require dependability. If the electric power production, though this
type of individual element, is satisfactory the actual hybrid system will offer electrical power at the very least
charge. The hybrid renewable energy source consists of a 10 to 60 kW for wind generation and 1 to 50 kW
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(peak) PV array as primary energy sources. The excess energy with respect to the load requirement has
considered be either storing or injecting to grid 5.

Proposed Block Diagram

A photovoltaic system uses one or more solar modules or solar panels to convert solar energy into
electrical energy. The power generated by the PV panels depends on solar irradiation and ambient temperature.
The PV generated as 100KW and the wind generated as 65KW. A fuel cell is a device that generates power by a
chemical reaction (H.).Every fuel cell has two electrodes, one positive and another one negative, that is anode
and cathode. The reactions that produce electricity take place at the electrodes. It generates as 50KW. In this
hybrid operation of PV-wind system strategy of operation depends on different situations. If the total energy or
current generated by PV and wind is greater than the required energy or current by the load, in this case the
excess energy is stored in the battery and battery put in the charge condition. When the battery SOC (State of
charge) reaches the maximum value, the control unit stops the charging process. Then if total energy generated
by PV and wind is less than the energy required by the load, the energy deficiency is covered by the storage
system. In such case controller puts the batteries in discharging condition. If the battery charge decreases to its
minimum state of charge, the controller unit disconnects the load and in such situation system is under the
energy shortage. For the robust optimization of control strategy wished to try both load following and cycle
charging. A voltage source converter is used to converts dc to ac voltage and to supply the targeted load.
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Fig 1: Hybrid energy system

A. Solar energy

Solar energy is gets energy by the radiation of the sun. It is present on the earth continuously, it is
pollution free. One problem of solar energy system it cannot produce energy in bad weather condition. The
solar energy generated as 100KW.

B. Wind energy

Wind energy is gets energy by extracted from wind. For extraction we are use wind mill. Then the wind
energy needs less cost for generation of electricity. Wind energy maintenance cost also less. Electricity
generation from wind is depends on speed of the wind flowing. The wind system generated as 65KW.

Robust Optimization

Robust optimization allows for the modeling of an uncertainty set and ensures that the select solution
can handle any possible realization based on this uncertainty set. The technique is divided into two types; the
first type discusses the effect of robust corrective topology control on system reliability and renewable
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integration. The second type deals with the application of robust optimization for the security constrained unit
commitment problem.
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Fig 2: Robust optimization

In robust technique gets input from solar energy, wind speed, fuel cell and battery SOC. Then robust
optimization, to provide reliable power is supply the targeted load. And the excess energy passed through the
main grid, the breaker will be off and to connect the main grid.

A Flow Chart of Robust Algorithm

This research also examined the determination of uncertainty sets prior to a robust formulation. The
output source of robust algorithm is breaker, battery switch and inverter. It gets the reliable power from the
inverter and it passed through the load. The excess power will be there breaker gets off, the power supplied to
main grid. And the power will be demand the breaker gets on, the power supplied main grid to load.

This algorithm work studied two-step robust unit commitment with uncertainty set. The optimization
experiments suggest the selection rule of uncertainty sets for different confidence levels. Thus the robust
algorithm result gives better cost reduction with less iteration.
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Fig 3: flow chart of robust algorithm
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Simulation Results

In order to demonstrate the high performance of the proposed technigque, the complete system is
simulated with MATLAB/Simulink model. The Simulink implementation of proposed system is shown in fig 3.
The nonlinear loads which consists of 3 loads totally of 60 KW.

At t=0.01 sec, 10 KW load is connected to grid. At t=1.8 sec 60 KW of load is shared by power grid
which is shown in fig 5. The operation of hybrid PV—wind system depends on the individual element. In order
to evaluate the maximum output from each component, first the single component is modeled, thereafter which
their combination can be evaluated to meet the require dependability.
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Fig 4: Simulink model of hybrid energy system
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Fig 7: inverter DC voltage
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Table 1 Data analysis

power s KW

Fig 9: cost graph

S.no | sources rating

1 Solar 60KW

2 Battery 400V/650Ah

3 Wind 15KW

4 Fuel cell 50 KW

5 RL load 30 KW

6 Inverter 440V/250KW

7 Main grid 120KV/2500MVA

Table 1 power & cost comparison

Load Main Micro Main Micro
Power In | Power In | Cost Cost
Kw Kw
60 KW | 10 54.56 9000 9330
30 KW | 19.64 54.64 5088 9268
10 KW | 39.65 54.66 1680 9155
Conclusion

e b seconds

211

In this hybrid energy system, robust optimization algorithms have been proposed. It is the combination
of two or more energy sources which is used to supply the targeted load. The result shows that for each variable
system consisting of solar, wind, fuel cell with battery and inverter bring out the most economical and reliable
power for the proposed site.

Simulation results show the reliable power to gets, the breaker off and to connect the main grid and to

supply the load. Robust optimization algorithm is used to optimize the reliable power and to minimize cost.
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