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Abstract— Wind, solar, geothermal etc are the renewable 

energy sources. Out of many renewable technologies wind, 

solar photovoltaic and solar thermal power system are 

emerging as the most suitable technologies. The 

technologies can be further developed as adaptable option 

for energy generation. In this paper wind turbine generator 

(WTG), diesel generator, aqua electrolyzer (AE), fuel 

cell(FC) and Battery Energy Storage system (BESS) have 

been considered for simulation studies. The power system 

frequency deviated as there is sudden change in load or 

generation or both. PI controllers are installed to alleviate 

the performance of the system. 
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I. INTRODUCTION 

The depletion of fossil fuel reserves and the pollution caused 

by conventional energy sources have made necessitous the 

exploitation of renewable energy sources [1]. These 

alternative energy production systems such as Wind energy 

system, Photovoltaic systems are being supported by many 

governments on a worldwide basis. Discontinuity which is 

caused due to the energy produced by solar panels wind 

energy necessitates the use of some control [2]-[3]-[4]. On 

the other hand, auxiliary systems can be used to minimize 

cost and maximize reliability. The best auxiliary system is 

that which produces the least emission and has the least cost. 

For this purpose diesel turbine is used in this project. Due to 

the high price of solar panels, in order to reduce the cost and 

of course increase the reliability, utilizing an auxiliary 

system is recommended. Wind and solar energy, as the most 

abundant renewable energy sources, have experienced the 

greatest development during the last few years [5]. 

Today, their technology is becoming feasible and 

economic. Often these resources are widely available, or 

perhaps even the only available energy sources in some 

remote areas. Often they are not integrated with a grid. The 

electricity generation is variable in time because the 

operation of a wind or solar based system highly depends on 

weather conditions and as result the pattern does not actually 

follow the load demand. 

Energy needs to be stored in order to fulfill the 

energy requirements during a period of low available 

resources. Batteries are the most popular way to store 

energy, but they lose their energy content rapidly and 

therefore they can be only used over a short time period. 

Batteries also have a limited life cycle and problems with 

depth of discharge, often requiring replacement of service. 

So due to this concern we also used fuel cells for energy 

storage device. Fuel cells are devices that produce electricity 

as long as they are supplied with a fuel. They rely on direct 

electrochemical conversion of a fuel and therefore they are 

much more efficient than internal combustion devices, 

reaching operational efficiencies of 40%. PI controllers are 

employed in the hybrid system to adjust except wind turbine 

generator the output power from the generating unit to 

minimize active power imbalance. Normally the gains of 

these PI controllers are kept fixed but this method didn’t 

yield good result. Fixed parameters under disturbance 

condition don’t ensure a robust system. 

In this paper a model of hybrid power generation 

system consisting of Diesel engine generator (DEG), Wind 

Turbine Generator (WTG), Battery Energy Storage System 

(BESS) and Fuel Cell (FC) is developed. PI controllers are 

used to regulate output power to maintain the active power 

balance in order to damp out any frequency deviation in the 

system. In conventional method the gain values of these PI 

controllers are choosen by hit and trial method. The 

controller gains once tuned of a given operating condition is 

suitable for limited conditions only. In this paper these 

controllers are tuned using a recently developed 

optimization technique called Cuckoo Search Algorithm 

(CSA). The main objectives of this paper are to present 

following: 

Comparative performance of CSA optimized 

controllers vis-à-vis conventionally tunes counterparts on 

the hybrid system model for maintaining system frequency 

in the case of variation in load and generation. 

Sensitivity analysis to examine the robustness of PI 

controller gains optimized at nominal conditions.   

II. LITERATURE REVIEWED  

In [1] author has presented the perspective of renewable 

energy (wind, solar, wave and biomass) in the making of 

strategies for a sustainable development. Such strategies 

typically involve three major technological changes: 

efficiency improvements in the energy production, energy 

savings on the demand side, and replacement of non-

conventional sources (fossil fuels) by various sources of 

renewable energy. 

In [2] the author has presented Wind turbine 

generators are driven by fluctuating wind speeds, and hence 

the generated power variation causes voltage and frequency 

change in case of a small power system or an isolated island. 

To cope with such variations, control strategy for controlling 

wind turbines is required. This paper presents a new control 

scheme based on disturbance accommodation control. The 

result showed that the proposed controller could drastically 

reduce the power variation. 

In [3] paper presented on the stability of micro-grid 

operation and discusses the control techniques of combining 

a micro-turbine with the fuel cell and electrolyser hybrid 

system to expand the micro-grid system’s ability to solve 

power quality issues resulting from frequency fluctuations. 

The paper examines the feasibility of fuel cell and 

electrolyser hybrid system control, especially dynamic 

control of an electrolyser system, to secure a real power 

balance and enhance the operational capability of load 
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frequency control. The proposed control and monitoring 

system can be considered to be a means of power quality 

control, both to improve the frequency fluctuations caused 

by random power fluctuations on the generation and load 

sides and to relax tie-line power flow fluctuations caused by 

frequency fluctuations in the interconnected micro-grid 

power system 

In [4] the paper presents an ac/dc hybrid smart 

power system. The proposed system has advantages of both 

dc and ac grids. The proposed power system consists of a 

wind generator and several controllable loads. The 

controllable loads have different capacities. Therefore, by 

applying power consumption control with the droop 

characteristic, the dc bus voltage is maintained within the 

acceptable range. As controllable loads, electric water heater 

and electric vehicle are assumed. Effectiveness of the 

proposed method is verified by numerical simulation results. 

In [6] the paper deals with a frequency control 

scheme for a small power system by a coordinated control 

strategy of a wind turbine generator (WTG) and a battery 

energy storage system (BESS). The small power system 

composes of a wind turbine, a battery storage and a diesel 

generator. A minimal order observer is utilized as a 

disturbance observer to estimate the load of the power 

system. The load deviations are considered in a frequency 

domain. The low frequency component is reduced by the 

pitch angle control system of the WTG, while the high 

frequency component is reduced by the charge/discharge of 

the BESS, respectively. The output power command of the 

BESS is determined according to the state of charge, the 

high frequency component of the frequency deviation and 

the load variation. The proposed method is compared with 

the conventional method in different cases. By using the 

proposed method, the capacity of the battery is decreased by 

the charge/discharge of the BESS in long term. 

III. SYSTEM MODELLING 

The various renewable sources are integrated for an 

effective and reliable power supply during different load 

conditions. These sources like wind and PV have random 

characteristics due to different climatic conditions [7]-[8]. 

Both wind speed and solar radiations have complimentary 

features which may reduce the capacity of the energy 

storage system. Hence fuel cell may be integrated with such 

sources along with the energy storage system such as battery 

energy storage system. 

A. Wind Turbine Model 

In wind turbines, the output power is not constant and it 

varies with wind speed fluctuation at that instant. The wind 

turbine system contains several non linearities. To overcome 

the fluctuation in wind turbine we use battery. When a wind 

turbine uses its pitch controller to counteract utility grid 

frequency oscillations, its output power varies between 

maximum, or rated power, and zero power. Hence, the pitch 

angle set point is nonlinearly limited by these boundaries. 

The pitch system, which turns the pitch angle according to 

wind speed, introduces nonlinearity. It produces randomly 

variable wind power. Random output fluctuation is derived 

from white noise block with a low pass filter. In this paper 

for hybrid power generating system first order transfer 

function model of wind turbine is shown in this section as 

[9] 

               𝐺𝑊𝑇𝐺(𝑠) =  
𝐾𝑊𝑇𝐺

𝑠𝑇𝑊𝑇𝐺+1
                                          (1) 

Where 𝐾𝑊𝑇𝐺  is the gain and 𝑇𝑊𝑇𝐺  is the time constant of the 

wind turbine generator. 

B. Diesel Engine Generator 

Standby diesel engine generator (DEG) work autonomously 

to supply the deficit power to the hybrid systems to meet the 

supply- load demand balance condition depending upon the 

wind power generation as well as load demand. The transfer 

function of DEG can be given by a simple linear first-order 

lag  

                        𝐺𝐷𝐸𝐺(𝑠) =
𝐾𝐷𝐸𝐺

𝑠𝑇𝐷𝐸𝐺+1
                                         (2) 

Where 𝐾𝐷𝐸𝐺  is the gain and 𝑇𝐷𝐸𝐺  is the time 

constant of the diesel engine generator. 

C. Aqua Electrolyser 

A part of 𝑃𝑊𝑇𝐺  is utilized by AE for production of hydrogen 

to be used in fuel cell for generation of power. The transfer 

function can be expressed as first-order lag [10]:  

                   𝐺𝐴𝐸(𝑠) =  
𝐾𝐴𝐸

𝑠𝑇𝐴𝐸+1
                                                                  (3) 

Where 𝐾𝐴𝐸  is the gain and 𝑇𝐴𝐸   is the time constant 

of the Aqua Electrolyzer. 

D. Fuel CELL 

Fuel cells are good energy sources to provide reliable power 

at steady state, but they cannot respond to electrical load 

transients as fast as desired. This is mainly due to their slow 

internal electrochemical and thermodynamic responses. Fuel 

cell generates power through the electrochemical reaction 

between hydrogen and oxygen. Fuel cell generator is a 

higher order model and has non linearity. For low frequency 

domain analysis it is represented by a first order lag transfer 

function model [11] 

                          𝐺𝐹𝐶(𝑆) =
𝐾𝐹𝐶

𝑆𝑇𝐹𝐶+1
                              (4) 

Where 𝐾𝐹𝐶  is the gain and 𝑇𝐹𝐶   is the time constant 

of the Fuel Cell. 

E.  Battery Energy Storage System 

Batteries are considered a major cost factor in small-scale 

standalone power system. The usage of battery energy 

storage systems (BESS) has created a greater focus on the 

reduction of adverse effects of the frequency deviations. By 

installing BESSs to a power system with WTGs, the power 

fluctuations can be reduced and also the power system 

stabilities can be ensured to overcome the fluctuation. Since 

integrating large batteries with WTGs increase the cost of 

the power system, it is economically beneficial to utilize 

small batteries for the output power control of the integrated 

system. BESS can supply the system with a large amount of 

the power in a short time. The transfer function model of 

battery energy storage system (BESS) is expressed by first 

order [12] 

              𝐺𝐵𝐸𝑆𝑆(𝑆) =
𝐾𝐵𝐸𝑆𝑆

𝑠𝑇𝐵𝐸𝑆𝑆+1
             (5) 

In order to provide good quality of supply to the 

consumers it is very important maintain the scheduled 

frequency [23] under varying demand and supply 

conditions. In power systems, if generating power varies, 

then the frequency fluctuates depending on variation of 
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generating power. Frequency can be maintained at desired 

level by maintaining the active power balance between the 

generation and demand. A hybrid system with wind as one 

of the generating unit requires special control strategies 

because of highly fluctuating nature of wind. The strategies 

to be adopted to alleviate mismatch between generation and 

demand can be by controlling the gas turbine electric power-

generating unit. The conventional approach normally uses a 

PI controller. The use of cuckoo search based frequency 

control is more efficient as compare to conventional method. 

The power control strategy is obtained by difference 

between the power demand reference and total power 

generation [4]. 

                               ∆𝑃𝐸 = 𝑃𝑆 − 𝑃𝐿                                 (6) 

Where 𝑃𝑆 is the power generated by the hybrid 

system and 𝑃𝐿  is the load demand. 

By controlling and ∆f, the system can supply high 

quality power to the load. The ∆f is calculated by net power 

variation, as shown by the expression in valid ideal 

condition [4]. 

                           ∆𝑓 = 
∆𝑃𝐸

𝐾𝑠𝑦𝑠+𝐷
                              (7) 

Where  ∆𝑓 is frequency deviation, 𝐾𝑠𝑦𝑠  is the 

power system gain constant 𝐷 is the damping constant of the 

system  

By controlling and ∆f, the system can supply high 

quality power to the load. The ∆f is calculated by net power 

variation, as shown by the expression in valid ideal 

condition [4]. 

         𝐺𝑠𝑦𝑠(𝑠) =
∆𝑓

∆𝑃𝑒
   =   

1

𝐾𝑠𝑦𝑠(𝑠𝑇𝑠𝑦𝑠+1)
  = 

1

𝑀𝑆+𝐷
                   (8) 

Where  𝑇𝑠𝑦𝑠 is power system constant, 𝑀𝑆 is the 

inertia constant. To minimize the difference between supply 

and demand of power PI controllers are installed with 

generating units. Parameters of the controllers are optimized 

with conventional hit & trial method as well as with CSA. 

Integral of the squared error (ISE) of frequency deviation is 

chosen as the objective function. 

                               𝐽   =  ∫ (∆𝑓)
𝑡

0
2 dt        (9)   

J is then minimized subjected to  

               𝐾𝑝
𝑚𝑖𝑛  ≤  𝐾𝑝 ≤   𝐾𝑃

𝑚𝑎𝑥                          (10)      

                               𝐾𝑖
𝑚𝑖𝑛  ≤  𝐾𝑖 ≤   𝐾𝑖

𝑚𝑎𝑥                       (11)       

By optimizing the parameters of PI controller that 

is 𝐾𝑝 and 𝐾𝑖. The maximum and minimums values 𝐾𝑝 and 

𝐾𝑖 for each of the controllers are chosen in the range of 

[0,200].  

The cuckoo search algorithm is inspired by the 

brooding parasitism of some cuckoo species[13]. This 

aggressive brooding  reproduction as follows. A female 

cuckoo typically lays 16 to 22 eggs which can be different in 

color and also can match the eggs of the host. Different 

species produces different colors, and they often target the 

different host birds. Approx half of the cuckoo birds don’t 

hatch their eggs, but make use of this parasitism. A latent 

female cuckoo nearby the most appropriate host nest for a 

chance to dump its egg in the host nest. Usually newborn 

cuckoo can engage aggressive eviction of the host bird’s 

eggs. CS was developed by Yang and Deb [2009] is a 

swarm-intelligence-based algorithm, inspired by natural 

behaviour of cuckoos, especially, the obligate brood 

parasitism of some cuckoo species by laying their eggs in 

the nests of other host birds. CS algorithm is defined  by 

setting three rules that idealise cuckoo’s behaviour in order 

to make appropriate for implementation as an computer 

algorithm: 

 Only one egg is laid by each cuckoo at a time, and the 

laid egg is dumped into a randomly chosen nest.  

 The best nests with high-quality of eggs will be carried 

over to the next generations.  

 The number of available host nests is fixed and the egg 

laid by a cuckoo may be discovered by the host bird 

with a probability pa ∈ (0, 1). In this case, the host bird 

can either get rid of the egg, or simply abandon the nest 

and build a completely new nest. 

Figure 1 represents the block diagram of the hybrid 

power system. In hybrid system, total power generation is 

given by 

           𝑃𝑠 =  𝑃𝑊𝑇𝐺 + 𝑃𝐷𝐸𝐺 + 𝑃𝐴𝐸 ± 𝑃𝐹𝐶 ± 𝑃𝐵𝐸𝑆𝑆              (12) 

Since the power output from wind turbine 

generator is intermittent, there is a difference between the 

generation and the load demand which causes power system 

frequency fluctuation. Shortfall in generated power is 

indicated by negative ∆𝑓, BESS supplies stored power at 

that time. By adjusting the input power of AE and output 

power of DEG,WTG, FC and BESS frequency deviation can 

be controlled. Following two cases have been carried out to 

access the performance of conventionally optimized and 

CSA optimized controllers. 

 
Fig. 1: Hybrid Power Generating System 

IV. RESULT ANALYSIS 

A. Case I 

The performance of the controllers is accessed on hybrid 

system model is not subjected to any perturbation. Figures 

below represents the the operating conditions with constant 

load demand of 1 pu. As the power generated by WTG is 

insufficient to meet the load demand auxiliary sources DEG, 

BESS and FC will supply the remaining load demand and 

AE stores nothing.  Frequency deviation and power 

deviation plots are shown in figure.7 & 8. Output power of 

DEG, WTG, FC, BESS & input power of AE is shown by 

Figure.1,2,3,4,5,6. 

Frequency deviation and objective function plot 

show that CSA optimized controllers have performed well. 
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Fig. 1: Power Delivered by BESS 

 
Fig. 2: Response of DEG 

 
Fig. 3: Response of WTG 

 
Fig. 4: Response of FC 

 
Fig. 5: Response of AE 

 
Fig. 6: Power Deviation 

 
Fig. 7: Frequency Deviation 

 
Fig. 8: Objective Function 
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B. CASE II 

The performance of the controllers is accessed on hybrid 

system model is subjected to a perturbation by changing the 

load demand. the load demand is increased at 30s from 1pu 

to 1.5pu. Figures below represents the the operating 

conditions with different load demand at different time. As 

the power generated by WTG is insufficient to meet the load 

demand auxiliary sources DEG, BESS and FC will supply 

the remaining load demand and AE stores nothing.  

Frequency deviation and power deviation plots are shown in 

figure.15 &16. Output power of DEG, WTG, FC, BESS & 

input power of AE is shown by Figure.10,11,12,13,14. 

Frequency deviation and objective function plot show that 

CSA optimized controllers have performed well.  

 
Fig. 10: Response of WTG under Varying Load  

 
Fig. 9: Response of BESS 

 
Fig. 10: Response of AE 

Fig. 11: Response of DEG 

 
Fig. 12: Response of Fuel Cell 

 
Fig. 13: Power Deviation 

 
Fig. 14: Frequency Deviation 
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Fig. 15: Objective Function 

The gains of the subsystem of the proposed hybrid     

system is show in the table below which shows the 

performance of the CSA optimized PI controllers are far 

better than conventional  PI controllers. 

CSA Parameters Values 

Number Of Iteration 100 

Number of Host Nest 50 

Discovery Rate of Alien Eggs 0.25 

Table 1: Parameters of Csa 

Generating Units Gains Time Conatants 

WTG KWTG = 1 TWTG = 1.7 

DEG KDGE = 1/300 TDGE = 2 

AE KAE  = 1/100 TAE = 4.0 

FC KFC = 1/500 TFC = 0.5 

BESS KBESS = -1/300 TBESS = 0.1 

Table 2: System Parameters 

Gain of Subsystem CSA Conventional 

𝐾𝑊𝑇𝐺  0.3995 0.4 

𝐾𝐷𝐺 5.622e-09 0 

𝐾𝐵𝐸𝑆𝑆 0.0044 0.5 

𝐾𝐹𝐶  0.3346 0 

𝐾𝐴𝐸  0 0 

Table 3: Pi Controller’s Gains 

V. CONCLUSION 

In this work, by employing PI controller to the DEG, AE, 

FC, BESS power balance condition is obtained. CSA and hit 

& trail method is used to optimize the parameters of the 

controllers and performance of the hybrid system is 

investigated under different load conditions. Comparative 

performance of the conventional controllers and their CSA 

optimized counterparts are accessed from the dynamic 

behavior of the system in autonomous mode. Simulation 

results indicate that despite change in wind speed or load 

output power from DEG, FC, BESS and input to BESS and 

AE can be effectively controlled to minimize the frequency 

deviation. It has been observed that the CSA controller out-

performed the FA optimized controllers in terms of settling 

time, overshoot and oscillations. Finally, it can be concluded 

that control strategy employing CSA optimized controllers 

is an effective means for automatic frequency control of 

isolated hybrid power system. 
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