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Abstract 
 
As the electricity demand is increasing exponentially, generating enormous 

electricity from various power plants such as diesel, thermal, etc., is very 

much essential. The synchronous generator (SG)-diesel engine-based power 

plant which use the fossil fuel and coal as a source material is commercially 

used in power plants.  These source materials and the operation of diesel 

engine are the main cause of emission of greenhouse gases. In order to have 

the green power generation from SG based power plant, this paper proposes 

the Bio-Diesel fed Solar Excited Synchronous Generator (BDfSESG). This 

green plant is formed by replacing the conventional diesel engine into 

biodiesel engine and DC exciter of SG by DC-DC converter tied solar array 

with the battery backup system. The proposed green power plant can be 

utilized for many applications, this paper focuses on the green electricity 

generation for the induction motor load applied in sugar industry. The 

biodiesel can be produced with the help of wastages from the sugar industry. 

Hence this makes the power plant cost effective. In addition, the surplus 

power has been injected to the grid according to the requirement. Total 

Harmonics Distortion (THD) analysis has been done at grid and Point of 

common coupling (PCC) respectively. A simulation has been done in 

MATLAB(SIMULINK) and the results have been discussed and analyzed. 
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BDfSESG, BDE (Bio-Diesel Engine). 

 

1 Introduction 
      

Alternator alternatively known as synchronous generator is very 

important in thermal, diesel, hydro, wind power plants etc., In diesel power 

plant, the alternator is run with diesel engine and pollutes the environment 

with the emission of greenhouse gases [1]. Also, the synchronous generator 

requires additional DC excitation for the reactive power support and in some 

cases provided by DC generator which is run by same engine [2]. In the 

whole process of generating electricity by non-renewable sources, a lot of 

greenhouse gases are emitted [3]. Generating renewable electrical energy is 

the most important aim for overcoming the problems that are created by 

conventional resources. But replacing all the equipment is an economical 

challenge, so by utilizing them and replacing the material used would be a 

better choice. 

The novel idea of replacing the fuel used in diesel engine by bio diesel 

would contribute a very less air pollution. To produce the greener energy the 

best way is to replace the conventional power plants with the renewable 

energy systems. But this BDfSESG which is cost effective doesn’t replace 

the plant to produce greener electricity. There are many reports on different 

DC excitation of the synchronous generators [4]. Solar fed DC exciter is 

more suitable for green electricity generator [5]. The solar fed exciter system 

requires efficient DC-DC converter topology for the extracting the maximum 

amount of solar power. For the maximum power extraction from the solar 

array, the different types of DC-DC converters like SEPIC Converter [6], 

Buck-Boost converter [7], Quadratic DC-DC Converter [8], the converter 

with different control topologies like fuzzy based converter [9-11] etc., have 

been analyzed and the best suited application specific DC-DC converter 

topology has been selected. As solar power is intermittent, the battery backup 

is essential. The battery backup that are used as the exciter of the alternator is 

charged with the solar arrays [12]. There are many literatures reported for 

choosing the type of battery and modelling of effective battery. The battery 

used is modeled under the constant voltage control technique [13]. The idea 

of generating reactive power from solar fed standalone exciter for a 

synchronous condenser would reduce the power loss [14-15].  

There has been random increase in the research field to find an 

alternative for the fossil fuels (petroleum products). The production of 

biofuels like biodiesel, ethanol, etc. has been drastically increasing and the 

usage of the biofuels like biodiesel in the diesel engine has been studied [16]. 
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The production of ethanol from the bagasse which is a waste product 

produced during the conversion of the sugar cane into sugar has been 

mentioned in many literatures [17].This biofuel can be directly used as the 

best alternative for petroleum products but usage of this biofuel as biodiesel 

could produce some chemically unstable byproducts for which the engine 

cannot run smoothly. So, integration of the ethanol with some vegetable oil 

in the presence of catalyst could produce best bio-diesel [18] which can run 

the engine efficiently as the normal bio-diesel could. 

The mathematical model of a diesel generator for normal diesel fuel is 

reported in [19-20]. By analyzing these and comparing the limits of torque 

and power for the bio-diesel fuel which is reported in [21] the BDE has been 

designed. From the various studies and statistics, [22] the production of 

ethanol in India is majorly from the sugar industries and these industries need 

many electrical motors to run the evaporators and so on. To promote greener 

cycle in these industries the proposed model helped to run the induction 

motors [23] that are used in sugar industry. The Bio-Diesel engine (BDE 

used to run the alternator could be fed by the bio-diesel which is created by 

the ethanol that majorly gets produced from these industries.  

The alternator and the load specified in this paper has been chosen 

according to the sugar industry application where the waste produced after 

the production of sugar is also utilized for biofuel preparation. The surplus 

power generated is fed to the grid according to its requirement. The solar fed 

bidirectional DC-DC converter based excitation system is designed for the 

DC excitation. The THD analysis at PCC and grid has been done. A 

comparative study between a diesel engine (DE) and BDE has been 

provided. 

The novelty of utilizing bio-fuel in diesel generator to run the 

synchronous generator along with solar system as excitor system together has 

been achieved with the help of MATLAB/SIMULINK and its simulation 

results have been discussed. 

The organization of the paper has been divided into five sections.Section 

2 being the proposed system and specifications of subsystems.Section 3 

discuss the control techniques and the switching of the field subsystem. In 

section 4 the explanation of simulation diagram and its results have been 

discussed. The section 5 is dedicated for the analysis of THD, power curve & 

grid power, and comparison between DE and BDE respectively and by 

section 6 paper gets concluded. 

  

2 Proposed System  
 

Figure 1 shows the proposed system block diagram (BDfSESG) with 

connected loads. The proposed system contains mainly four subsystems. 

They are the mechanical power block, alternator, field excitor system, 

connected loads.    
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Figure 1: Proposed block diagram for BDfSESG 

 

Figure 2 shows the detailed block diagram of the bio-diesel engine and 

speed regulator block mentioned in the Figure 1. The overall block diagram 

primarily consists of speed regulator, throttle actuator, bio-diesel fed engine 

(BDE). The aim of this paper in this domain primarily focuses on the design 

and analysis of bio-diesel engine.   

 

 
Figure 2:  Proposed bio-diesel engine and speed regulator block diagram 

 

The load which is fed by this synchronous generator is an induction 

motor and DC local loads of sugarcane industry, while the surplus power is 

fed into to the grid. As per the load specifications the overall required output 

power (Pout) from the machine is 2MW. So, the mechanical input fed by the 

bio-diesel engine (BDE) needs to maintain Pout and machine (stator + rotor 

+ mechanical) losses. The calculated input power Pin is 2.03MW and the 

filed current is calculated as 238A for which a 21V excitation voltage is 

required. So, accordingly a solar and battery system has been chosen.   
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2.1 Bio-Diesel Engine 
 

The diesel engine set run by bio diesel fuel would be known to be BDE. 

The bio fuel is produced from wastes of sugar industry. To reduce the 

emission of greenhouse gases from the conventional diesel engines, it is 

better choice to replace the fuel by bio-diesel. These kinds of engines are 

used in various applications. But here as to have mechanical power fed to the 

alternator,this bio-diesel engine have been used as a part of our proposed 

system. In [21], the relation between performances by bio-diesel powered 

diesel engine and the normal diesel-powered engine have been studied and 

analyzed for the proposed model. 

Mechanical Power,                                                          (1) 

 For a diesel engine to provide 2.03 MW mechanical power at 1500 rpm the 

torque required is calculated from the Eqn.1 as 12.92 kNm. For the same 

parameters to be produced from the normal diesel engine powered by bio-

diesel the torque needs to be 13.11 kNm.   

 

2.1.1 Bio Diesel Engine Design 
 

To have 13.11 kNm produced from the engine the piston pressure and 

engine displacement and compression ratio need to be fixed and designed. 

The ratio of maximum to minimum volume in a cylinder of an IC engine is 

defined as compression ratio (r_v). The analysis has been done by taking r_v 

as 17:1.From Eqn.2 the piston pressure is calculated. 

Piston pressure, ,                                                            (2) 

Where compression ratio (r_v):17:1.0  

Standard sea-level atmospheric pressure (P_(atm )) :101 kNm-2 

Specific heat ratio of air (k): 1.4:1.0 

By using above parameters in Eqn.2, the piston pressure (p_e) is 

calculated as 2411 kNm-2.For a 70L piston engine with displacement (V_h) 

= 68.4 dm3 the torque for a four-stroke engine has been calculated with the 

help of Eqn. (3), where the engine displacement could be defined as the 

volume swept by the pistons in the engine.  

Torque                                                                        (3) 

By substituting calculated piston pressure and considered displacement 

in the Eqn. (3), T=13.11 kNm.From the Eqn. (1), when speed (n) = 1500rpm; 

the mechanical power (P) resulted as 2060 kW. So, the output from the 

mechanical block is to be expected as 2.06MW. 

 

2.1.2 Transfer Function of Bio diesel Engine 
 

The transfer functions for the complete bio-diesel engine and speed 

regulator block in the simulation are mentioned in Eqn. (4) to (6) 

respectively. [19] 
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The transfer function for the regulator, R1(s) has been given by Eqn. (4) 

                                                                                        (4)  

Where T1(s), T2 (s) are the regulator time constants. 

The transfer function for the throttle actuator, TA1(s) has been given by 

Eqn.5 

                                                                          (5) 

Where T3(s), T4 (s) and T5(s) are the actuator time constants. 

Eqn. (6) represents the differential equation for an engine.  

The differential equation considering the engine load and speed in a closed 

loop is framed as follows: 

       (6)  

Where t - time; 

v(t) - the position of the pump rail (fuel); 

m(t) - the engine load value; 

ω(t) - the angular frequency of rotation of the shaft.  

t – time. 

 are the constants which depend on engine design 

features.  

The overall transfer function for the bio-diesel engine can be calculated 

by considering the Eqn. (3) and Eqn. (6) respectively and its external 

parameter has been mentioned as engine delay (Td(s)) which has to be 

specified according to the ignition time that fuel takes in the engine. By 

considering all the transfer functions of regulator, throttle actuator and bio-

diesel engine, the mechanical block has been modeled in MATLAB. Table 1 

describes all the parameters required for the mechanical power block that has 

been modeled in MATLAB. Torque has been denoted in per unit system in 

that block. 
Table 1: Bio-Diesel Engine and Speed Regulator block parameter. 

Parameter Value 

Regulator Time Constants [T1  

T2](s) 

[0.01   0.02] 

Actuator Time Constants [T3  

T4 T5](s) 

[0.25   0.009   

0.0384] 

Torque Limits [Tmin Tmax] (p.u.) [0.0   1.014] 

Engine Time Delay Td(s) 0.024 

 

2.2 Synchronous Generator (Alternator) 
 

A 2MVA, 400V alternator has been used to generate the electrical power 

and its installation in sugar industry to run the required loads in industries has 

been analyzed. The nominal field current means the current required to 

produce the nominal terminal voltage under no load conditions.  
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Here the nominal filed current is 100A. The specification of synchronous 

generator is given in Table 2. 
Table 2: Specifications of Alternator 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2.3 Field_System 
  

2.3.1 Solar Subsystem 
 

From the EMF equation and electrical output power equation of the 

alternator, the field current has been calculated at the required load power of 

2MW as 238A field current. From the Eqn. (7) the field voltage has been 

calculated as 21V. 

Eqn. (7) represents the relation between the field current and field 

voltage. 

                                                                                                  (7) 

Where If has been calculated as 238A. 

Rf has been given as referred to stator value in Table 2.  

To maintain 21V constant field voltage, two similar solar panels of each 

maximum rating of 13V at maximum irradiance are connected in series. Fig. 

3 details the V-I characteristics and maximum power point curve for a solar 

array at three different irradiance levels of 1kWm-2, 2kWm-2 and 3kWm-2 

respectively. 

  

 

 

 

Parameter Value 

Power rating: (VA) 2MVA 

Terminal Voltage(V) 400V 

Nominal Field Current(A) 100A 

Frequency (Hz) 50Hz 

Stator: 

Resistance (ᾨ) 

Leakage Inductance (H) 

Magnetizing Inductance 

(d&q frame) (H) 

 

0.00076 ᾨ 

12.73 H 

0.0005246H 

&0.0003845H 

Field: (referred to stator) 

Resistance (ᾨ) 

Leakage Inductance (H) 

 

0.0001576 ᾨ 

87.03 H 

Inertia (kg.m
2
) 112.8052 kg.m

2
 

Friction Factor (N.m.s) 1.6N.m.s 

Pole Pairs 2 

Synchronous Speed (rpm) 1500rpm 
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Figure 3: Solar Array V-I characteristics and MPP curve. 

 
Table 3: Specifications of Solar Array. 

Parameter Value 

Open Circuit Voltage VOC(V) 13.2V 

Short Circuit Current   ISC(A) 25.8A 

Irradiance (Wm
-2

) 3kWm
-2 

Maximum Power  Pm(W) 225.2W 

Voltage at MPP Vmp(V) 9.464V 

 

The Table 3 describes the specifications of the solar array at 3 kWm-2 

irradiance and 25oC. These solar panels are required to charge the battery 

and need to supply power to the load. So, the output current from these 

panels need to be equal to the charging current of battery and the load 

current. The solar panels and battery are connected by a bidirectional DC-DC 

converter. This converter acts as buck converter during the charging of the 

battery maintaining 22V constant terminal battery voltage and while 

discharging the bidirectional converter acts as boost converter. The design 

parameters for the converter has been shown in Table 4.The design 

parameters L and C for the Bidirectional converter has been referred from 

[24]. The respective design equations are mentioned in Eqn. (8) and Eqn. (9). 

Eqn. (8) represents the designing of inductance and Eqn. (9) represents the 

designing of capacitance value respectively. 

                                                                                                          (8) 

                                                                                                  (9) 

Where D represents duty ratio; 

VS is the solar (capacitor dc link) voltage; 

f is the switching frequency; 

Pc represents the critical load power. 

The switching frequency (f) is taken as 50kHz. 

For designing the parameters of Bi-directional converter, the voltage 

ripple has been considered as 10mV and duty ratio is selected as 0.5. 



                                                                                                                  
 

 

 

 

 

 
Bio-Diesel Fed Solar Excited Synchronous Generator 3528 

 
Table 4: Design Parameters of Bi-directional Converter 

Parameter Value 

Inductor (L) in H 576 H 

Capacitor (C) in F 1000 F 

Resistor (Load) in 

ᾨ 

6 ᾨ 

 

2.3.2 Battery Subsystem 
 

Solar panels charge the battery and supplies the field of the alternator 

whenever irradiance is maximum.When irradiance falls the switching 

between the solar to battery occurs. The battery starts discharging when its 

state of charge (SOC) is greater than 40% and it supplies the field voltage 

required to the alternator.  
Table 5: Specifications of Battery. 

Parameter Value 

Battery Type Lithium-Ion 

Nominal Voltage(V) 20.8V 

Rated Capacity (Ah) 25Ah 

Initial SOC (%) 45% 

Cut-off Voltage(V) 11.25V 

Fully Charged Voltage(V) 22.5V 

Nominal Discharge 

Current(A) 

10.8696A 

Internal Resistance (ᾨ) 0.006ᾨ 

Capacity at nominal voltage 

(Ah) 

22.6087Ah 

Table 5 discuss the specifications of the battery in battery control system. 

  

2.4 Connected Loads 
 

The overall 2MW power produced by BDfSESG has been distributed 

among two major loads induction motor, resistive loads and the surplus 

power has been delivered to the grid according to the requirement. 

  

2.4.1 Induction Motor 
 

The ratings of induction motor have been selected according to the sugar 

industry requirements as mentioned in section 1. Induction motor having a 

power rating of (PIM) 541kW is chosen. Table 6 describes the sections of the 

induction motor load. 
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Table 6: Specifications of Induction Motor 

Parameter Value 

Type Squirrel Cage Induction 

Motor 

Power rating 

(kW/Hp) 

541kW/735.55Hp 

Torque (Nm) 833.254kNm 

Stator Voltage (V) 400V 

Frequency (Hz) 50Hz 

Speed (rpm) 6.2rpm 

 

2.4.2 Resistive Loads 
 

A 500kW Resistive load (Presistive) have been connected. The resistive 

loads in an industry like neutral earthing resistors, discharging resistors, 

buffer resistors, lightings have been considered and provided with 500kW 

power to the resistive load.  A buffer resistor in an industry is used in heavy 

machinery and crane while starting of the machines. 

 

2.4.3 Grid 
 

The required power by the grid (Pgrid) has been delivered to grid by 

considering the transmission losses and remaining losses at the load side of 

the machine. 

                                                      (10) 

From Eqn. (10) the power balancing has been depicted. 

The remaining power has been dumped through extra resistive loads. 

 

3 Control Technique and Switching of Field Subsytsem  
 

The bidirectional converter is the most opted converter for many 

renewable applications. As many renewable sources like solar and wind are 

intermittent. They require battery system which can provide the power when 

these sources are not available. So, this bidirectional DC-DC converter in 

buck mode of operation charges the battery from the solar energy and 

supplies back this energy to the load whenever required in boost mode [25]. 

The converter switches to buck and boost mode of operation with the help of 

a series switch provided at the source side. The switch changes its state with 

respective to the irradiance level. 

The controller for the bidirectional DC-DC converter has been discussed 

in the next section through battery control system. 
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4 Simulation Analysis 
  

4.1 Simulink Diagrams 
 
 

 
Figure 4: MATLAB/Simulink Diagram of Proposed system (BDfSESG) 

 

The Figure 4 shows the complete proposed model of BDfSESG in 

MATLAB/Simulink software. The Alternator is a three-phase star connected 

device. The field voltage for the synchronous generator has been supplied by 

the solar and battery subsystem. The mechanical input for the alternator has 

been provided by the Bio-Diesel Engine (BDE) subsystem. The inputs to this 

subsystem are reference speed in p.u. and the synchronous speed of the 

machine. The output of the Alternator has been connected to resistive load 

and to the input of isolation transformer. The isolation transformer is star -

star connected and is used for isolation purpose. The output of the 

transformer is connected to induction motor and grid. The induction motor 

used is also star connected. The grid connected has terminal voltage of 400V, 

50Hz with star connected specification.  

  
Figure 5: The Solar and Battery Subsystem of Proposed system. 
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Figure 5 shows the solar and battery subsystem which provides the field 

voltage for the alternator. The two similar solar arrays of same irradiance and 

temperature specifications are connected in series. The maximum irradiance 

level considered for case study is 3kWm-2 and the minimum irradiance level 

mentioned as 0Wm-2with the temperature specified as 25oC.  

The maximum output from each panel is around 13V when connected to 

the load. These output terminals are connected to the battery terminals 

through bidirectional converter. The battery gets charged by the solar arrays 

with the help of charging circuit provided. The battery has been controlled by 

constant voltage method. The battery gets controlled with the help of battery 

controllers subsystem. While discharging the battery provides the voltage to 

the load. The load specified here is a resistive load. Across these terminals 

the field voltage is also extracted. 

The Figure 6 shows the battery control system. This subsystem contains 

three PI discrete controllers. One for providing charging current and other for 

providing discharging current and the remaining controller is to produce the 

duty ratio for the switches in the charging circuit with the help of these 

currents. The PI constants for each controller are mentioned in the Table 7. A 

MATLAB function with time input is coded to shift between solar and 

battery. When irradiance level drops then battery starts discharging.The 

condition checking is provided for switching between the solar and battery. 

Whenever irradiances drop, SOC being greater than 40% and physical time 

being greater than 2 sec then battery starts discharging. At t=5 sec the 

irradiance level has been shifted from 3000 Wm-2 to 0 Wm-2. 

The switch in the Figure 6 decides the reference current in PWM 

controller. When high signal the reference current will be charging current 

and then bidirectional converter allows battery to charge from solar with the 

help of these PWM pulses to switches in the converter. Similarly, when low 

signal at switch it allows the battery to discharge by providing a discharging 

current as reference current in the PWM controller.  

 
Table 7: PI gain values of Battery controller 

Gain Duty 

Ratio 

controller 

Charging 

controller 

Discharging 

controller 

Kp 0.005 40 0.25 

Ki 10 2000 50 
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Figure 6: Battery Control System 

  

4.2 Simulation Results 
 

The proposed MATLAB/Simulink diagram in the Figure 4 has been 

simulated and its respective results have been discussed. This section has 

been divided into three subsections namely alternator results, solar and 

battery results, load results respectively. 

  

4.2.1 Alternator Results 
 

The respective plots from Figure7 to Figure12 corresponds to the 

alternator results. From the Figure 7, it can be observed that the field current 

of the synchronous generator at constant field voltage of 21V is maintained 

at 238A. The Figure 8 and Figure 9 shows the stator current and stator 

voltage of synchronous generator respectively. The stator current maintained 

its peak value at 4065A and its rms value being 2874.4A. The phase peak 

value of stator voltage is 328V and its rms value is 231V respectively and 

when multiplied with √3 the line value is 400V. 

 

 
Figure 7: Field current of alternator in amperes. 
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Figure 8: Stator Current of alternator in Amperes 

 
Figure 9: Stator Voltage of alternator in Volts 

 

Figure 10 shows the synchronous speed of the alternator which 

maintained 1500 rpm at after 1 sec due to the changes happening in the 

alternator mechanical input power. From the Figure 11, it can be inferred that 

a constant 2MW at the output of the alternator has been maintained. The 

mechanical input to the synchronous generator is shown in the Figure 12. 

The constant 2.06MW has been maintained after 3sec due to the excitor 

system power constant. The initial 3sec is required for excitor system to build 

a constant power value. 

 

 
Figure 10: Synchronous speed of alternator in rpm. 
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Figure 11: Stator active power of alternator in watts. 

 
Figure 12: Alternator’s mechanical input power in watts. 

  
4.2.2 Solar and Battery Results 
 

The plots from Figure 13 to Figure 15 corresponds to the results of Solar 

and Battery subsystem. 

 

 

 
Figure 13: Voltages in Solar and Battery Subsystem in volts. 
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Figure 14: Currents in Solar and Battery Subsystem in Amperes 

 

The switching of solar and battery happens at time t = 5sec.Intially the 

field voltage has been supplied by solar when the irradiance falls, the battery 

supplies the field voltage. Figure 13 shows the solar voltage, battery terminal 

voltage and field voltage respectively. The field voltage before switching has 

been at 21.3V and after switching it shifted to 21.7V maintaining overall 

field voltage constant. The solar voltage has been at 23.4V before switching 

and immediate after switching the reverse voltage peaked up to -100V for 

very short span of time and settled at 13.5V. The battery terminal voltage 

before and after switching has been 22V and 21.92V respectively which 

implies that battery maintained a constant voltage. 

  
Figure 15: Battery’s SOC in percentage 

 

Figure 14 shows the solar current, battery current, and load current 

respectively. The solar current is 12.18A and 0A before and after switching. 

The load current which is a resistive current across which field voltage has 

been taken maintained its current at 3.87A and 3.62A respectively. The 

battery current before switching is -8.4A as battery is charging and after 

switching due to discharging the current maintained 3.6A. 
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It can be clearly seen that Eqn. (11) satisfies before and after switching. 

From figure 15 it can be inferred that SOC has been increasing during 

charging from 45 and decreasing during discharging. 

                                                                                  (11) 

  

4.2.3 Load Results 
 

The output power with the good quality three phase voltage [26] from the 

alternator is fed to the induction motor, resistive loads and grid. From figure 

16 to figure 18 the plots describe the load results of the induction motor 

results. 

  
Figure 16: Load Torque of Induction Motor in Nm. 

 

The load for the induction motor has been changed from no load initially 

to full load, at t=3 sec and at t= 6 sec, the load has been decreased to half full 

load and t=9 sec the load has been decreased and maintained at one fourth 

full load. 

 

 
Figure 17: Rotor speed of Induction motor in rpm. 

The values of load torque, load power and the rotor speed at these 

instances has been tabulated in Table 8 respectively for different loading 

conditions of an induction motor. 

 
Table 8: Value of Torque, Power and rotor speed at different loading conditions for 

an induction motor 

Load 

specification 

Torque 

(Nm) 

Power 

(W) 

Rotor 

speed(rpm) 

No Load 0 0 6.5 

Full Load 833254 541000 6.2 

½ Full Load 416627 278044.64 6.37 

¼ Full Load 208313.5 140049.34 6.42 
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Figure 18: Load Power of Induction Motor in Watts. 

 

Figure 16 and 17 show the torque and speed of the induction motor for a 

different load condition. Figure 18 shows the variations in induction motor 

power for various loading conditions. 

  

5 Analysis 
 

This section is subdivided into three sub-sections. Section 5.1. describes 

the power curve and Grid analysis for which another Induction motor of 4kW 

has been connected at the grid, Section 5.2. briefing the THD analysis and 

section 5.3. describes the comparison between DE and BDE. 

  

5.1 Grid Analysis and Power curve 
  

 
Figure 19: Block Diagram at the Grid connected BDfSESG. 

 

The Figure 19 describes the connections at the grid side. The BDfSESG 

is connected to grid with the help of a three-phase circuit breaker through a 

three-phase measurement block. This circuit breaker is initially opened for 

5sec and then it has been closed from that instant. At grid side there was a 

circuit breaker through which another load (IM) of 4kW has been connected. 

Similarly, this circuit breaker has been closed till 5 sec and then it has opened 

so that BDfSESG supplies power required by grid alone. The Figure 20 

shows the active and reactive power of the grid. 

 

 



                                                                                                                  
 

 

 

 

 

 
Bio-Diesel Fed Solar Excited Synchronous Generator 3538 

 

 
Figure 20: Active and Reactive Power of Grid 

 

Till t = 5 sec the grid has been supplying power to the IM. So, the active 

power is 4kW and being positive. From 5sec the active power of 8kW has 

been consumed by grid through BDfSESG and reactive power of the grid has 

been inferred as 10Kw and 5kW after and before switching. 

 

 
Figure 21: Complete Active Power Curve for BDfSESG 

 

From Eqn. (10) the power balancing has been shown. The Figure 21 

shows the active power curve of BDfSESG. From Figure 21 the output 

power from BDfSESG has been 2MW and it has been divided into three 

connected loads. A 600kW of power has been consumed by induction motor 

and grid power of 8kW has been taken according to the requirement of grid. 

The 500kW power has been consumed by resistive load. The remaining 

surplus amount of power has been dumped through another resistive load 

making overall resistive load power as 1250kW.So, by this power curve 

analysis the Eqn. 10 has been proven. 
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5.2 THD Analysis 
 

Total Harmonics Distortion (THD) analysis has been done at two 

different locations of the proposed system. One being at the grid side and 

other at point of common coupling.The THD analysis has been analyzed at 

the exact switching instant of the grid (t=5sec) and after switching. By taking 

current waveform the analysis has been done through MATLAB(Simulink). 

Total Harmonic Distortion can be defined as the amount of distortions 

occurred in the fundamental waveform (either Voltage or Current) due to 

harmonics [27]. Eqn. (12) details the formula of THD. Mathematically THD 

can be defined as the ratio of equivalent RMS value of all harmonics of 

signal other than fundamental to fundamental RMS value of signal. 

                                                                         (12) 

The Figure 22 and 23 describes the THD analysis of grid current during 

switching and after switching respectively. At t=5sec the switching of grid 

happens and at that instant due to noise (harmonics) the grid current got 

distorted and its respective THD is given as 11.75%. From Figure 23 it can 

be inferred that THD of grid current after switching happens to be 0.02%. 

The Figure 24 and 25 details the analysis of current signal at Point of 

Common Coupling (PCC). Figure 24 shows that THD of current waveform 

at PCC during switching has been 0.44% and from the Figure 25 it can be 

seen that THD factor for current signal at PCC after switching has been 

0.01%. 

 

 
Figure 22: THD analysis at grid during switching. 
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Figure 23: THD analysis at grid after switching. 

 

Table 9: THD values at different instants. 

SIGNAL POSITION INSTANT THD (%) 

Current GRID During 

switching 

After switching 

11.75% 

0.02% 

Current PCC During 

switching 

After switching 

0.44% 

0.01% 

Table 9 describes the THD values of current waveforms at different 

instants and different locations of BDfSESG. It can be inferred that all THD 

has been according to IEEE standards [27] except during switching at grid 

side. But after switching the THD has been maintained according to the IEEE 

standards. 

 
Figure 24: THD analysis at Point of common coupling (PCC) after switching. 
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Figure 25: THD analysis at PCC after switching. 

  

5.3 Comparision between DE and BDE 
 

Table 10 compares the performance and advantages between DE and 

BDE. From the Table 10, it can be inferred that Bio-Diesel Engine has many 

advantages over normal diesel engine. Bio-Diesel being the greener fuel, it 

contributes very less harm to the environment. Whereas the diesel being the 

fossil fuel, its contribution towards the greenhouse effect is very much high. 

The fossil fuels are going to be exhausted in few years. So, there must be an 

alternative so as to run the DE. The bio-diesel is better choice in replacing 

the diesel in recent years. The very few mechanical problems regarding to 

BDE have been analyzed by many researchers and its best solutions have 

been presented. There has been greater scope in developing greater efficient 

BDE performance. 
Table 10: Comparison table of Diesel Engine (DE) and Bio-Diesel Engine (BDE) 

Parameter DE BDE 

Engine Wear More wear of engine 

when compared to BDE. 

Less wear of engine 

when compared to DE. 

Pollution from 

Exhaust 

More emission of 

greenhouse gases. 

Very low emissions. 

In ideal cases no 

emissions other than 

NOx. 

Cold Weather 

performances 

Experiences significant 

problems. 

With additives it works 

well below -20
o
C. 

Engine Power 

and Torque 

Efficient engine power 

and torque. 

3 to 5% less efficient 

engine power and 

torque compared to DE. 
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6 Conclusion 
      

The detailed modification of conventional synchronous generator run by 

diesel engine-based power plant is proposed to implement a green power 

plant. The DC exciter of synchronous generator is replaced with the solar 

array system with the battery backup. The solar arrays and its bi-directional 

converter have been designed to the requirement of field voltage and to the 

battery charging parameters. The constant 21V has been maintained at the 

field of the alternator. The battery and its control system have been modeled 

according to the field voltage requirement. The emission of greenhouse gases 

is mainly resulted by diesel engine. This paper proposed a novel idea for the 

green electricity production from the power plant, by replacing the normal 

fuel diesel by bio-diesel.  The bio-diesel fed solar excited synchronous 

generator has been simulated in MATLAB/Simulink. The bio-diesel engine 

has been modeled through looking into the torque and power relation of 

normal diesel and bio-diesel fed diesel engine. The mechanical input power 

has been supplied with designed bio-diesel engine with the help of throttle 

actuator and speed regulator to maintain constant input power to the 

alternator. The generated green power of 2MW has been distributed among 

the induction motor, resistive loads of sugar industry and rest has been 

supplied to the grid according to its requirement. A THD analysis has been 

done at grid and PCC at two different instances and thereby it can be 

concluded that those limits are under IEEE standards. The wastages from the 

sugar industry itself is used to produce ethanol and bio-diesel. This makes the 

whole power plant greener and cheaper. From the comparative study of DE 

and BDE, it can even be concluded that BDE has many advantages over DE 

and it is better to replace the fuel in DE by biodiesel so as to contribute for 

greener environment. 

 

References 
 

[1]M. A. Khattak, S. M. Syahir, A. A. Aiza, S. M. S. Al, and S. O. S. 

Nurhaizam, “Feasibility Assessment of a Diesel Power Plant: A 

Review,” J. Adv. Rev. Sci. Res., vol. 24, no. 1, pp. 1–12, 2016. 

[2]Mohamed A A, Elshaer M and Mohammed O A, “Reactive power 

compensation control for stand-alone synchronous generator-based wind 

energy conversion system”,  IECON 2010 - 36th Annual Conference on 

IEEE Industrial Electronics Society, pp. 3222-3227, 2010. 

[3]Erik Dotzauer, “Greenhouse gas emissions from power generation and 

consumption in a nordic perspective, Energy policy”, Vol. 38, no. 2, pp. 

701-704,2010. 

[4]R. C. Schaefer and Kiyong Kim, "Excitation control of the synchronous 

generator”, IEEE Industry Applications Magazine, vol. 7, no. 2, pp. 37-

43, 2001. 



                                                                                                                  
 

 

 

 

 

 
3543K.Sudarsana Reddy et.al 

 

[5]Mahmut Temel Ozdemir, Gökay Bayrak, Muhsin Tunay Gencoglu, and 

Mehmet Cebeci, “Development of a Renewable Energy Based DC 

Excitation System in a Micro Hydro Power Plant,” J. Energy Power 

Eng., vol. 10, no. 1, 2016.  

[6]Porselvi, T., Deepa, K., Aishwarya, S., Bharathraj, E., Sairam, S. "Solar 

PV fed super-lift LUO converter and modified sepic converter for LED 

drivers",Test Engineering and Management,vol.81, pp. 2627-2635, 2019. 

[7]Chan-Ki Kim, Hong-Woo Rhew and Yoon Ho Kim, "Stability 

performance of new static excitation system with boost-buck converter," 

IECON '98. Proceedings of the 24th Annual Conference of the IEEE 

Industrial Electronics Society (Cat. No.98CH36200),pp. 402-409, 1998.  

[8]R. Mahalakshmi and K. C. Sindhu Thampatty, “Implementation of Grid 

Connected PV array using Quadratic DC-DC Converter and Single Phase 

Multi Level Inverter,” Indian Journal of Science and Technology, Vol.8, 

no.35, 2015.  

[9]P. Rodriguez, I. Candela and A. Luna, "Control of PV generation systems 

using the synchronous power controller," IEEE Energy Conversion 

Congress and Exposition,pp. 993-998,2013. 

[10]R. Mahalakshmi, Aswin Kumar A. and A. Kumar, "Design of Fuzzy 

Logic based Maximum Power Point Tracking controller for solar array 

for cloudy weather conditions,"  Power And Energy Systems: Towards 

Sustainable Energy,2014. 

[11]R. Ramya and K. Selvi, "A simple fuzzy excitation control system for 

synchronous generator," 2011 International Conference on Emerging 

Trends in Electrical and Computer Technology, pp. 35-39,2011. 

[12]N. Mendis, M. A. Mahmud, T. K. Roy, M. E. Haque and K. M. Muttaqi, 

"Power management and control strategies for efficient operation of a 

solar power dominated hybrid DC microgrid for remote power 

applications," IEEE Industry Applications Society Annual Meeting, 

2016. 

[13]Thiruvonasundari, D., Deepa, K., “Electric vehicle battery modelling 

methods based on state of charge– review “, Journal of green 

engineering, Vol.10,no.1, pp.24-61, 2020 . 

[14]Sudhakar N, Siddhartha Jain and Jyotheeswara Reddy K, “Solar pv fed 

stand-alone excitation system of a synchronous machine for reactive 

power generation”, IOP Conf. Series: Materials Science and 

Engineering, vol.263,2017. 

[15]E. Irmak, N. Güler, and M. Ersan, “PI controlled solar energy supported 

static excitation system desing and simulation for synchronous 

generators,” IEEE International Conference on Renewable Energy 

Research and Applications (ICRERA), 2016. 

[16]A. S. Ramadhas, S. Jayaraj, and C. Muraleedharan, “Theoretical 

modeling and experimental studies on biodiesel-fueled engine,” Renew. 

Energy, vol. 31, no. 11, pp. 1813–1826, 2006. 



                                                                                                                  
 

 

 

 

 

 
Bio-Diesel Fed Solar Excited Synchronous Generator 3544 

 

[17]W. A. Baz, L. S. Nawar, and M. M. Aly, “Production Of Biofuel From 

Sugarcane Bagasse Wastes Using Saccharomyces cerevisiae,” J. Exp. 

Biol. Agric. Sci., vol. 5, no. 6, pp. 871–877, 2017. 

[18]A. Sales, “Production of biodiesel from sunflower oil and ethanol by 

base catalyzed transesterification,” Thesis, 2011. 

[19]L. A. Galiullin and R. A. Valiev, “Mathematical Modelling Of Diesel 

Engine Testing And Diagnostic Regimes,” The Turkish Online Journal 

of Design, Art and Communication, vol.7,pp. 1864–1871, 2017. 

[20]G. Tajanowskij and J. Atamanov, “Modelling of the diesel engine in 

researches of dynamics of machine tractor units,”Teka comissison  of 

motorization and energetics in agriculture , Vol. 12, No. 2, 249–

256,2012.  

[21]O. J. Alamu, E. A. Adeleke, N. O. Adekunle, and O. Salam, “Power and 

Torque Characteristics of Diesel Engine Fuelled by Palm-Kernel Oil 

Biodiesel,” Sci. York, no. 14, pp. 66–73, 2009. 

[22]A. Ki. Mino, “Ethanol production from sugarcane in India: viability , 

constraints and implications,” Master of science report, 2010.   

[23]E. Birru, “Sugar Cane Industry Overview And Energy Efficiency 

Considerations,” Thesis, KTH School of Industrial Engineering and 

Management,pp. 1–61, 2016. 

[24]K.-H. Chao, M.-C. Tseng, C.-H. Huang, Y.-G. Liu, and L.-C. Huang, 

“Design and Implementation of a Bidirectional DC-DC Converter for 

Stand-Alone Photovoltaic Systems,” Int. J. Comput. Consum. Control, 

vol. 2, no. 3, pp. 44–55, 2013. 

[25]Deepa K., Mahalakshmi R., Yuvasri and M. Vijaya Kumar, "Bi-

directional push-pull converter fed four quadrant DC drive," 

International Conference on Emerging Trends in Communication, 

Control, Signal Processing and Computing Applications (C2SPCA), 

Bangalore, 2013. 

[26]R. Mahalakshmi, K. Deepa and K. C. Sindhu Thampatty, “Analysis of 

Multi level Current Source Inverter for low Torque Applications,” 

Journal of Green Engineering, Vol.8, no.1,2018.   

[27]P. A. Hargreaves, B. C. Mecrow, and R. Hall, “Open circuit voltage 

distortion in salient pole synchronous generators with damper windings,” 

5th IET International Conference on Power Electronics, Machines and 

Drives (PEMD 2010),2010. 

 

 

 

 

 

 

 

 



                                                                                                                  
 

 

 

 

 

 
3545 K.Sudarsana Reddy et.al 

 

Biographies 
 

 
K. Deepa graduated from Alagappa Chettiar college of engineering and 

Technology, T.N, India in 1998. She obtained M.Tech degree from Anna 

University, Guindy campus, T.N, India in 2005. She received Doctoral 

degree from Jawaharlal Nehru Technological University, Anantapur, A.P, 

India in 2017. Currently she is working as Assistant professor in Electrical 

and Electronics Engineering Department, Amrita School of Engineering, 

Amrita Vishwa Vidyapeetham University, Bangalore, Karnataka, India. She 

has 20 years of teaching experience. She is a life Member of IETE and ISTE, 

India and a senior member of IEEE. She has authored two textbooks on 

“Electrical Machines” and “Control Systems”. She has published 27 

international journal paper, 31 papers in international conference and 6 

papers in national conference. 15 M.Tech Degrees were awarded under her 

guidance. She is the advisor for the IEEE-PES & IAS student branch joint 

chapter and advisor for IEEEWIE in Amrita School of Engineering, 

Bengaluru from 2015. She is also joint treasurer for 2018 EXECOM of IEEE 

PES Bangalore chapter. Her areas of interests include Power electronics, 

Renewable energy technologies and Control Engineering. 

 

  
R.Mahalakshmi received her B.Tech degree in Electrical and Electronics 

Engineering in 2003 in Government College of Engineering from Periyar 

University, Salem, Tamil Nadu, India. She obtained her M.Tech degree in 

2012 in Power Electronics in Dayanada Sagar College of Engineering from 

Visvesvaraya Technological University, Bengaluru, Karnataka, India. She 

received Doctoral degree from Amrita Vishwa Vidyapeetham, Amrita 

university, India in 2020.She is currently working as an Assistant professor 

in the Department of Electrical and Electronics Engineering, Amrita Vishwa 

Vidyapeetham, Bengaluru, India. Her research interests include Grid 

Integration issues in Renewable Energy Sources, Application of Power 

Electronics in Power Systems and Flexible AC Transmission Systems. 



                                                                                                                  
 

 

  

 

 

 
Bio-Diesel Fed Solar Excited Synchronous Generator 3546 

 

 
K.Sudarsana Reddy, pursing his B.Tech degree in Electrical and 

Electronics Engineering from Amrita School of Engineering, Bengaluru, 

Karnataka, India. He is a student member of IEEE PES & IAS, Bangalore. 

He is Vice-Secretary for IEEE PES, a student chapter in Amrita School of 

Engineering, Bengaluru in 2019-20. He published three research articles. His 

area of interest include Power Electronics, Soft computing techniques based 

applications in Control Engineering, Renewable Energy technologies. 

 


