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Abstract 

In this paper stability analysis for reference load of Wind/Diesel/Storage renewable energy power system is done by time domain 

simulation. The proposed system includes four Electrical Wind Turbine Generators (EWTG), Diesel Generator (DG) and Battery 

Power Storage System (BPSS) and considered for various operating conditions, such as wind speed disturbance and load 

disturbances. The nature of output power of electrical wind turbine generator is mostly fluctuating and this fluctuation affect the 

frequency of our system under study and also depends on the sudden change in reference load power, total generated power or 

both. To solve this problem wind/diesel/storage renewable energy system a PID controller is employed with proper control gain 

to minimize these frequency fluctuations. Time domain simulation results reveal that the power frequency fluctuation of the 

system is less evident. 

Keywords: Renewable Energy, frequency fluctuation, Electrical Wind Turbine Generators (EWTG), Diesel Generator 

(DG), Battery Power Storage System (BPSS), MATLAB Simulation  
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Nomenclature 

Kp   Proportional Constant 

KI            Integral Constant   

Kd   Derivative Constant 

V(WSB )       Velocity of Base Wind Speed   

VWS  Velocity of Wind Speed  

VWSG   Velocity of Gust Wind Speed  

VWSR        Velocity of Ramp Wind Speed   

V(WSN )   Velocity of Noise Wind 

ρ  Density of Air 

ARS𝐴𝑅𝑆   Swept Area of the Rotor Blade 

PMWT   Mechanical Power of Wind Turbine 

PEWTG      Power of Electrical Wind Turbine Generator 

Cp            Power Co-efficient 

GEWTG     Gain of Electrical Wind Turbine Generator  

PDG          Power of Diesel Generator  

PBPSS   Power of Battery Storage System 

PD Power Difference 

PTG  Total Generated Power  

D   Inertia Constant 

K   System Frequency Constant 

M    Load Damping Constant 

PRL  Power of References Load 

GDG              Gain of Diesel Generator  

TDG               Time Constant of Diesel Engine Generator  

Ff                    System Frequency Fluctuation 

GBPSS  Gain of Battery Power Storage System 

TEWTG         Time Constant of Electrical Wind Turbine Generator  

TBPSS  Time Constant of Battery Power Storage System 

 

Abbreviations 

EWTG       Electrical Wind Turbine Generator 

DG    Diesel Generator 

BPSS     Battery Power Storage System 

FFG     Fossil Fuel Generator 

EL     Electrical Load 

WG    Wind Generator 

WTE     Wind Turbine Electricity 

HRES     Hybrid Renewable Energy System 

PU     Per Unit   

WECS    Wind Energy Conversion System 

ESS    Energy Storage System 

TG    Total Generation   

RL     References Load 

WPGS    Wind Power Generation System 

RLP     References Load Power 
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I. INTRODUCTION 

Villages have always been an integral part of society in India. The development of country like India solely depends upon the 

development of villages, lifestyle of villagers, and energy usage for domestic and agriculture purpose. There are several villages 

which +are partially electrified, completely dependent on conventional power source and are burdened for the payment for 

irregular and poor quality of power.  

Due to the technological progress the cost of generating electricity from the WPGS has already come down and is close to one 

of the traditional fossil fuel energies [1-3].  

Battery energy storage system (BESS) stores electric energy in battery in dc form and it requires rectifier circuit, charging 

circuit, and dc–ac inverter to exchange energy with ac system [4, 5]. During the past decades, progress with sealed, recombinant 

lead-acid battery technology, and advanced compounds has extended the scope and future of potentially economic utility 

applications of the BESS. 

The wind/diesel hybrid generation system is coming up. The system having an abundantly clean generation strategy can 

supply power to the load demand. However, if we use wind turbines, the output power is not constant and it varies with wind 

speed fluctuations. Furthermore, these speed fluctuations result in power frequency variations. One existing method to solve this 

issue is to install batteries which absorb power from wind turbine generators. The other method is to install a dump load which 

dissipates fluctuating power. Using these methods, the wind/diesel hybrid generation system can supply good quality power. [6] 

In hybrid system the frequency deviates for sudden changes in load or generation or both. The controllers are installed before 

the sources to reduce power frequency deviations. All types of controllers are used with the hybrid system with proper control 

gain to reduce the power frequency deviations of the system. [8] 

This paper is concerned with a time domain MATLAB simulation model to evaluate the performance of proposed hybrid 

system with and without PID controller for the windy months of April to September considering variable and constant load. The 

work is carried out in following steps: 

1) Configuration of Proposed System with Transfer Function. 

2) Mathematical Modeling of all components of Hybrid system. 

3) Modeled design for simulation. 

4) Result and Conclusion 

II. CONFIGURATION OF PROPOSED SYSTEM WITH TRANSFER FUNCTION 

The configuration of stability analysis for Wind / Diesel / Storage renewable energy storage system in time domain MATLAB 

simulation is shown in fig. 1. The generation subsystem comprises of four EWTGs, and an FFG. The storage subsystem ESS is 

connected to the electrical load side. The study is conducted for EWTG, FFG and ESS which requires suitable power converter 

for exchanging energy with AC/ DC system. The ESS is assumed to have enough capacity to store surplus energy generated by 

generating subsystems. When the load demand increases, the ESS supplies the energy to the load within a short time. The FFG is 

stand-by generator that may automatically start up to deliver power to the system only when the total power generated by the 

generating subsystem is insufficient even if the ESS may have enough stored energy. 

The net power generation PTG is shown in fig. 1 is determined by:- 

1) A part of output power from four EWTGs (PEWTG) 

2) The output power of FFG (PDG) 

3) The exchanging power of ESS (PESS) 

  The expression for PTG is given by  

PTG =  (∑ PEWTGi
4
i=1 )  +  PDG ± PBPSS                                      (1) 

To precisely simulate the dynamic behaviors of EWTGs, FFG, ESS, etc., high-order mathematical models with nonlinearity 

should be employed. These high order models may include associated power conditioners and controllers. For large-scale power 

system simulations, simplified models of transfer functions are generally employed. Hence, the power losses and controllers are 

not considered in the four cases of this paper. The mathematical modeling for wind speed model and various power generation / 

energy storage subsystems such as EWTGs, DG, BPSS, and RLP is carried out as follows. 
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Fig. 1: Configuration of Stability Analysis of wind / Diesel / Storage Renewable Energy System Time Domain Simulation 

III. MATHEMATICAL MODELLING OF PROPOSED SYSTEM 

 Electrical Wind Turbine Generator:- 

For the modeling of Electrical Wind Turbine Generator there is a need to model subparts like Wind speed, power co-efficient, tip 

speed ratio, Blade pitch angle. 

 Wind Speed for Proposed System: –  

The generated power of the Electrical Wind Turbine Generator (EWTG) depends on wind speed VWS. The wind speed is modeled 

as the algebraic sum of base wind speed, gust wind speed, ramp wind speed, and noise wind speed. The associated equations for 

different wind-speed components are given below [6]. 

The base wind-speed component can be expressed by 

VWSB =  KB                                                                     (2) 

Where KB is the constant and its value always depend upon the climatic condition of present area where the Electrical Wind 

Turbine Generator (EWTG) is operating. 

The Gust of wind-speed component can be expressed by 

VWSG  =  {

0,                              t < T1G

Vcos,   T1G < 𝑡 < T1G + TG 

0,                 T1G + TG < 𝑡
}                               (3) 

TG is the gust wind period, T1G the starting time of Gust, and MAX (G) is peak of the gust wind.  

The gust wind speed is the usual (1-cosine) gust used in wind studies. 

The ramp wind-speed component can be expressed by 

VWSR =  {

0,                                    t < T1R

Vramp,          T1R < t < T2R

0,                                  T2R < t
}                                                                   (4) 

Where 

Vramp   =   MAX(R) [1 − (
(t − T2R)

(T1R − T2R)
)] 

MAX(R) is the ramp maximum, T1R the ramp start time, T2R the ramp maximum time. The values of MAX(R) are selected 

depending up on the simulation time. 

The noise wind-speed component can be expressed by 

VWSN = 2 ∑ √SV( ωi)∆ωN
i=1 cos ( ωi t +  ϕi)                               (5) 

Where 

𝜔𝑖 =  (𝑖 − 0.5)∆ω, 
 A random variable with uniform probability density on the interval 0 – 2π and 

𝑆𝑉( ωi)  =  
2KNF2|ωi|

π2 [1 + (
Fωi

μπ
)

2

]

4
3⁄
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is the spectral density function, (KN = 0.004) the surface drag coefficient, (F= 2000) the turbulence scale, and µ the mean wind 

speed at reference height of 7.5, 4.5, and 15 m, respectively. Various studies use N = 50 and Δ = 0.5 – 2.0 rad/sec to obtain 

excellent results. According to the aforementioned four wind-speed components, the employed wind-speed model is defined by 
[6] 

𝑉𝑊𝑆  =  𝑉𝑊𝑆𝐵  +  𝑉𝑊𝑆𝐺  +  𝑉𝑊𝑆𝑅  +  𝑉𝑊𝑆𝑁                                       (6) 

 Mathematical Formulation of Turbine Model:- 

Under constant acceleration (a), the kinetic energy (E) of an object having mass (m) and velocity (v) is equal to the work done 

(W) in displacing that object from rest to a distance (s) under a force (F), i.e. E = W = F×S. According to Newton’s second law 

of motion 

𝐹 = 𝑚 × 𝑎                                                  (7) 

Thus the kinetic energy becomes 

𝐸 = 𝑚 × 𝑎 × 𝑠                                                    (8) 

From kinematics of solid motion v2 = u2 + 2as where u is the initial velocity of the object this implies that. a = (v2 - u2)/2s 

Assuming the initial velocity of the object is zero, we have that. a = (v2)/2s Hence from equation (8) we have that 

𝐸 =
1

2
𝑚𝑣2                                                    (9) 

This kinetic energy formulation is based on the fact that the mass of the solid is constant. However, if we consider wind (air in 

motion) as a fluid, both density and velocity can change and hence no constant mass. For this reason [9] formulated the kinetic 

energy law with a factor of 2/3  instead of 1/2. In this work we shall assume that the density of air does not vary considerably 

even with variation in altitude or temperature and use the kinetic energy law in the form of equation (9). Hence the kinetic 

energy (in joules) in air of mass (m) moving with velocity VWS (wind) can be calculated from equation (9) above. The power (P) 

in the wind is given by the rate of change of kinetic energy, i.e. 

𝑃 =  
𝑑𝐸

𝑑𝑡
 =  

1

2

𝑑𝑚

𝑑𝑡
𝑣𝑤𝑠

2                                                      (10) 

But mass flow rate dm/dt is given by dm/dt = ρASRvws 

Where ASR is the swept area of the rotor blades through which the wind in this case is flowing and ρ is the density of air. With 

this expression, equation (10) becomes 

𝑃 =
1

2
𝜌𝐴𝑅𝑆𝑣𝑤𝑠

3                                                                                            (11) 

In the above equations assume P =PMWT, The actual mechanical power of wind turbine PMWT extracted by the rotor blades in 

watts is the difference between the upstream and the downstream wind powers i.e. 

𝑃𝑀𝑇𝐺 =  
1

2
𝜌𝐴𝑅𝑆𝑣𝑤𝑠(𝑣𝑢

2 − 𝑣𝑑
2)                                           (12) 

Where vu is the upstream wind velocity at the entrance of the rotor blades in m/s and vd is the downstream wind velocity at the 

exit of the rotor blades in m/s. We shall see later that these two velocities give rise to the blade tip speed ratio. Now from the 

mass flow rate, we may write 

𝜌𝐴𝑅𝑆𝑣𝑤𝑠 =  
𝜌𝐴𝑅𝑆(𝑣𝑢+ 𝑣𝑑)

2
                                                    (13) 

VWS being the average of the velocities at the entry and exit of rotor blades of turbine, with this Expression, equation (12) 

becomes 

𝑃𝑀𝑊𝑇 =
1

2
𝜌𝐴𝑅𝑆(𝑣𝑢

2 − 𝑣𝑑
2)

(𝑣𝑢+ 𝑣𝑑)

2
                                    (14) 

This may be simplified as follows 

𝑃𝑀𝑊𝑇 =
1

2
[𝜌𝐴𝑅𝑆 {

𝑣𝑢

2
(𝑣𝑢

2 −  𝑣𝑑
2)  +

𝑣𝑑

2
(𝑣𝑢

2 −  𝑣𝑑
2)}]                                (15) 

=
1

2
[𝜌𝐴𝑅𝑆 {

𝑣𝑢
3

2
−  

𝑣𝑢𝑣𝑑
2

2
+

𝑣𝑑𝑣𝑢
2

2
−

𝑣𝑑
3

2
}]                                                (16) 

=
1

2
[𝜌𝐴𝑅𝑆𝑣𝑢

3 {
1 −(

𝑣𝑑
𝑣𝑢

)
2

+(
𝑣𝑑
𝑣𝑢

)−(
𝑣𝑑
𝑣𝑢

)
3

2
}]                                                        (17) 

Now this mechanical power becomes electrical power in equation (17) because power co-efficient (CP) is multiplied in above 

equations so in the above equation it is assumed that PMWT= PEWTG   

𝑃𝐸𝑊𝑇𝐺 =  
1

2
𝜌𝐴𝑅𝑆𝑉𝑊𝑆

3𝐶𝑝                                          (18) 

Where 

  𝐶𝑝 = {
1 –(

𝑣𝑑
𝑣𝑢

)
2

+(
𝑣𝑑
𝑣𝑢

)−(
𝑣𝑑
𝑣𝑢

)
3

2
} 

                     𝐶𝑝 = {
(1 −

𝑣𝑑
𝑣𝑢

) +(1−(
𝑣𝑑
𝑣𝑢

)
2

)

2
}                                  (19) 

The expression for Cp (Betz limit) other names for this quantity are the power coefficient of the rotor or rotor efficiency [10]. The 

power coefficient is not a static value. It varies with tip speed ratio of the wind turbine. 
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 Characteristics of EWTGS Output Power: 

The electrical wind turbine is characterized by non-dimensional curve of power co-efficient CP as a function of both tip speed ratio 

λ and blade pitch angle β. The tip ratio which is define as the ratio of wind speed downstream (𝑣𝑑) to wind speed upstream (𝑣𝑢) of 

the turbine 

𝜆 =
𝑣𝑑

𝑣𝑢

          λ =
Blade tip speed

wind speed
 

Where 

Blade Tip Speed = Rotational speed of blade (ω blade) × Radius of blades (Rblade) λ is called the tip speed ratio of the wind 

turbine.The blade tip speed in meters per second can be calculated from the rotational speed of the turbine and the length of the 

blades used in the turbine, i.e. 

𝜆 =
𝑅𝑏𝑙𝑎𝑑𝑒×𝜔𝑏𝑙𝑎𝑑𝑒

𝑉𝑊𝑆
                                               (20) 

Where Rblade (= 23.5 m) is the radius of blades and ωblade (= 3.14 rad/sec) is the rotational speed of blades. The rotational speed of 

blades depends upon the wind speed and radius of blade depends upon wind turbine, so the power co-efficient and tip speed ratio 

are variable quantities. The expression for equation (19) of CP approximating as a function of λ and β is given by 

𝐶𝑝 = (0.44 − 0.0167𝛽)𝑠𝑖𝑛 [
𝜋(𝜆−3)

15−0.3𝛽
] − 0.0184(𝜆 − 3)𝛽                           (21) 

The output power of EWTGs is 

𝑃𝐸𝑊𝑇𝐺 =  
1

2
𝜌𝐴𝑅𝑆𝑉𝑊𝑆

3𝐶𝑝 

Where  

ρ (= 1.25 kg/m3 ) is the air density,  

ARS (= 1735 m2) is the swept area of blades, 

Cp is the Power Co-efficient, VWS is the Velocity of wind speed 

 Transfer Functions of Electrical Wind Turbine Generator (EWTG):- 

In this section the output equations of electrical wind turbine generator is represented as a first order transfer function. [12] 

(𝑇. 𝐹)𝐸𝑊𝑇𝐺𝑆
(𝑠) =

𝐺𝐸𝑊𝑇𝐺

1+𝑠𝑇𝐸𝑊𝑇𝐺
=

∆𝑃𝐸𝑊𝑇𝐺𝐾

∆𝑃𝑀𝑊𝑇
                                (22) 

Where K=1, 2, 3, 4….so on… 

 Mathematical Modeling of Diesel Generator:- 

The DG system are designed to supply the load and also charge the storage device (battery), if renewable energy source along with 

battery is unable to supply the load. Proper energy balance is required for optimum system operation as the consumption of fuel is 

proportional to the power being supplied by the DG. Consumption per hour= APg + BPng Where Pg and Png are the power 

generated and nominal power of the DG while A and B are coefficients of the consumption curve in KWh. Overall efficiency of 

diesel generator is given by 

ηoverall = ηbreak thermal ×ηgenerator 

Where ηbreak thermal is break thermal efficiency of diesel generator. Normally diesel generator is modeled in the control of 

proposed system in order to achieve required autonomy. It is observed that if the generator is operated at 70% to 90% of full load 

demand then it is economical [11]. In the absence of peak load demand diesel generator are normally used for meeting load 

requirement and for battery charging. 

The diesel generator is modeled by a simple first order transfer function given by [6] 

(𝑇. 𝐹)𝐷𝐺(𝑠) =
𝐺𝐷𝐺

1+𝑠𝑇𝐷𝐺
=

∆𝑃𝐷𝐺

𝐹𝑓
                                           (23) 

 Mathematical Modeling of Battery Power Storage System:- 

Battery storage is sized to meet the load demand during non-availability period of renewable energy source, commonly referred 

to as days of autonomy. Normally days of autonomy is taken to be 2 or 3 days. Battery sizing depends on factors such as 

maximum depth of discharge, temperature correction, rated battery capacity and battery life. Required battery capacity in ampere 

hour is given by 

𝐵𝑟𝑐 =
𝐿(𝐴ℎ)𝑆𝐷

(𝐷𝑂𝐷)𝑚𝑎𝑥𝑇𝐶
                                                    (24) 

Where L(Ah) is the load in ampere hour, SD is the battery autonomy or storage days, (DOD)max is the maximum battery depth of 

discharge, TC is the temperature correction factor. Difference between power generated and load, decides whether battery is in 

charging or discharging state. The charge quantity of battery bank at the time T can be calculated by 

𝐶𝐵(𝑇) = 𝐶𝐵(𝑇 − 1)(1 − 𝜎) + (𝐸𝐺(𝑇) −
𝐿𝐷(𝑇)

𝜂𝑖𝑛𝑣
 × ɳ𝐵                                  (25) 

where CB(T) and CB(T-1) are the charge quantities of battery bank at the time T and T-1, s is the hourly self-discharge rate, 

EG(T) is the total energy generated by renewable energy source after energy loss in controller, LD(T) is load demand at the time 

T, ηinv and ηB are the efficiency of inverter and charge efficiency of battery bank. Charge quantity of battery bank is subject to 

the following constraints: 
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𝐶𝐵𝑚𝑖𝑛
≤  𝐶𝐵(𝑇) ≤  𝐶𝐵𝑚𝑎𝑥

 

Where (CB)max and (CB)min are the maximum and minimum charge quantity of battery bank Battery is a storage device essential 

for storing electrical energy for maximum utilization of intermittent renewable resources. The lead-acid battery which is often 

used in HRES is complex, nonlinear device controlling operational states of the system. The energy conversion during 

charging/discharging of the battery takes place with the following reversible reaction: 

                          (26) 

Modeling of lead-acid batteries for real time analysis of HRES must account for the dependence of battery parameters on (i) state 

of charge, (ii) battery storage capacity, (iii) rate of charge/discharge. The transfer function model of battery energy storage system 

expressed by first order as  

(𝑇. 𝐹)𝐵𝑃𝑆𝑆(𝑠) =
𝐺𝐵𝑃𝑆𝑆

1+𝑠𝑇𝐵𝑃𝑆𝑆
=

∆𝑃𝐵𝑃𝑆𝑆

𝐹𝑓
                                       (27) 

 Reference Load: 

To examine the effect of load power demand variation, a variable load model is developed in MATLAB Simulink for proposed 

system. Constant and Variable load is considered for the month of April to September depending upon the maximum load 

demand. 

 Power Difference: 

We must control the supply power so as to meet the required load demand since the output power of wind turbine generators 

fluctuates with wind speed. To maintain a stable operation for proposed system, the total power generation must be effectively 

controlled and properly dispatched to meet the reference load power of the connected loads. This power control strategy is 

determined by the difference between reference load power PRL and total generated power PTG as follows [6] 

PD = PRL - PTG                                                  (28) 

 Power Frequency Fluctuation: 

The power frequency fluctuation depends on the total generation power either it is deficit or excess and similarly depend on 

reference load power, either it increases or decreases. The power frequency fluctuation of power system Ffis represented as follows  

Ff =
PD

k
                                                    (29) 

Where PD is the power difference between total generated power to reference load power, and k is the system frequency 

constant. The expressions is valid under ideal conditions, in actual practice, there will be a delay in the frequency characteristics 

and, hence, the above equation (30) is modified as  

Ff =
PD

k(1+Ts)
=

PD

Ms+D
                                                                                 (30) 

Where k is the frequency characteristic time constant, D is the load damping constant, and MS is the inertia constant. In this 

study, is chosen as 0.2 and is 0.012. 

IV. MODELLED DESIGN FOR SIMULATION 

This section presents four cases for studying time domain MATLAB Simulation for proposed Wind/Diesel/ Storage renewable 

energy storage system. The design has been done for the following four cases listed below. 

1) Case I Variable load without PID 

2) Case II Variable load with PID  

3) Case III Constant load without PID 

4) Case IV Constant load with PID 

 Case I Variable load without PID 

The value of reference load power is closer to match the value of total generated power such that, the BPSS neither stores nor 

release the power in the system. BPSS starts working as the total generated power goes higher than the reference load power. 

 Case II Variable load with PID  

BPSS releases the stored power, and at remaining time duration, it stores the power. The total generated power is higher to the 

reference load power, and due to surplus power BPSS starts working and minimizes the power frequency fluctuations. 

 Case III Constant load without PID 

The value of reference load power is closer to match the value of total generated power so that, the BPSS neither stores nor 

releases the power in the system. When the total generated power is higher to the reference load power, and due to surplus power 

BPSS starts working. 



Stability Analysis of Wind/Diesel/Storage Renewable Energy System: Time Domain Simulation  
(IJSTE/ Volume 3 / Issue 01 / 031) 

 

 All rights reserved by www.ijste.org 
 

183 

 Case IV Constant load with PID 

BPSS release the stored power and remaining time duration it stored the power. When the total generated power for connected 

constant load and with PID controller, is higher to the reference load power, there is a surplus of power, so that BPSS starts 

working and minimizes the power frequency fluctuations. 
Table – 1 

Parameter of Proposed System 

GEWTG = 1 TEWTG = 1.5S 

GDEG = 1/300 TDEG = 2S 

GBESS = 1/100 TBESS  = 0.1S 

M = 0.2 D = 0.0012 

Kn = 1 ρ  = 1.25× 103 

CP = 0.6 ARS = 113.09 

V. RESULT AND CONCLUSION 

Time domain simulated responses of the studied proposed system under various operating points and different disturbance 

conditions are carried out for constant and variable load with and without PID controller for the month of April to September, 

considering them as most windy month of a year. In this section the response of April month is shown, which clearly depicts that 

with the use of PID controller the Power frequency fluctuations can be brought to negligible, which will ensure the good quality, 

stable and reliable power to villagers. Block diagram and MATLAB model for four cases are shown in figure 2 (a, b) and 3 (a, 

b).  

   
Fig. 2: Block Diagram of (a) CASE-I, (b) CASE-II      Fig. 3: Block Diagram of (a) CASE-III, (b) CASE-IV 
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VI. CONCLUSION 

This paper has presented the time-domain simulation for Stability Analysis of Wind/Diesel/Storage renewable energy system. 

The studied system contains four Electrical Wind Turbine Generator (EWTGs), Diesel Generator (DG) and Battery Power 

Storage System (BPSS). The required power of the system is generated by the Electrical Wind Turbine Generator (EWTGs) 

through power converters. A first order transfer function is considered to simplify the simulation of Wind/Diesel/Storage system.  

It can be concluded from the MATLAB simulation result which is observed in various cases that the power generation from the 

electrical wind turbine, diesel generator and battery power storage system, fulfills or balances the reference load power demand 

according to its changes. The power frequency fluctuation of the proposed system is properly controlled within a small range by 

the use of controller with proper control gain. This system is proposed this Wind/Diesel/Storage renewable energy power system 

for un-electrified small villages. 
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