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Abstract: This paper presents a solar powered 

electrostatic precipitator which uses renewable energy as 

input source. This model is supplied directly from a 

Photovoltaic panel which in turn fed to the modified 

SEPIC converter based uplifted static gain boost 

converter (DC-DC) to supply an electrostatic precipitator. 

In this process auxiliary power conversion devices are 

not required as electrostatic precipitator requires only a 

DC supply to operate, which leads to reduction of losses 

(hysteresis loss and eddy current loss). It can be modified 

and employed for both high as well as low voltage 

electrostatic precipitator. The performance analysis is 

done by developing the Simulink model and simulating 

it. 
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1. Introduction 

The sprouting concern over environment had made the 

government of most the countries to take stringent action 

against air pollution, that has led many research 

laboratories and energy companies to devote themselves 

to develop an innovative technologies for elimination of 

contamination in flue gases from factories and waste 

incrimination units, especially the units handling medical 

waste which are toxic in nature. Particle matter, such as 

second metal will remain suspended in air for long period 

result in health hazard. Considering all these thing many 

countries has imposed strict legal boundaries to 

atmospheric pollution. 

          ESP’s service in controlling the air pollution in last 

two decade is indispensable and they had underwent lot 

of evolution in design and working principle aspect to 

improve the efficiency of it [11]. But to drive the ESP 

again we have to depend upon conventional power 

sources which pollute the air. 

The Anxiety for environment and search for stable 

reliable alternative renewable energy has turn the world 

‘s eye over the solar power generation over past two 

decades, most of the government and NGO are 

encouraging the energy production by various forms of 

solar energy generation units. 

Considering the above issues this paper tries to find a 

solution for driving ESP more efficiently with solar 

power. Such that it reduce pollution and penalties paid by 

the factories. Even it assure a definite concession in the 

installation and save the expenditure in powering the 

ESP. 

 

2. Correlated works 

Several concept where put forth to drive the ESP using 

various solar power generation techniques among them 

the driving with photo voltaic panel seems to be more 

efficient[1], among these concept they have concentrated 

only on meeting out high voltage around 20 KV which is 

required to drive the ESP, but they haven’t discussed 

about efficiency the system and loss happening in 

auxiliary power conversion unit which required to 

increase the voltage to greater extent from low level input 

of solar panel. In common toobtain a high voltage most 

of the existing work is use of step up transformer [2]. 

here two stages of power conversion is required, power 

delivered by solar panel are DC and power required to 

drive ESP is also DC, but the transformer in between 

requires AC power for this reason power received from 

solar panel are first converted to AC power using a 

inverter then the voltage is increased using transformer, 

again this power has to converted to DC before supplying 

to ESP using a converter. 

        Therefore these conversion will account for more 

losses and again transformers contribution to losses also 
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is indispensable. Figure 1 depict the common photo 

voltaic panel powered ESP, three phase power  

 

Figure1. Block diagram of transformer based 

electrostatic precipitator. 

is first fed to three phase rectifier to convert to DC power 

then delivered to single phase voltage source inverter to 

convert to AC power this power is given to step up 

transformer to increase the voltage level in several 

kilovolts then again it is given to rectifier to change the 

power to DC before supplying to ESP[4], power supply . 

     In this system, they have used parallel resonant 

converter with transformer which is capable of driving 

high power DC load as it have a high voltage gain dv/dt 

stress is very high in this topology as the diodes are 

linked in parallel to capacitor[5]. Mostly power plant 

adopt the  ESP which  are SCR controlled units, it ensure 

the reliability but however it offer very poor collection 

efficiency hence it deviate from the performance.Increase 

of fsw (low switching frequency) leads to the high dv/dt 

stress and often increase the losses related to 

frequency[6]. An negative impact on the performance of 

converter is caused due to the circulation of large energy 

within the resonant tank. More conversion stages and 

transformer makes the system more expensive. 

Implementation of Modified SEPIC Converter 

Topology for Solar Powered Electrostatic 
Precipitator: 

In this proposed system, we used a SEPIC converter with 

modification to perform the boost operation and it is 

designed for a voltage gain of ten.This modified SEPIC 

converter will increase the energy obtained from the solar 

panel and gives to the electrostatic precipitator .auxiliary 

power conversion devices are not required since only a 

DC supply is required to operate an electrostatic 

precipitator which leads to reduction of losses (hysteresis 

loss and eddy current loss). Output of the converter were 

increased with series of voltage multiplier, four stages of 

voltage multipliers are used in each stage voltage level is 

improved. Figure 2 display the proposed system block 

diagram  

 

Figure 2. block diagram of SEPIC Converter Topology 

for Solar Powered Electrostatic Precipitator. 

Array of 12V solar panel are connected in series, an array 

includes 10 solar panel gives an output of 120 volt. 

Power delivered from the array of panel was provide to 

modified SEPIC topology, converter driver circuit and 

controller. Boasted converter adapted for application is 

modified SEPIC converter possess following feature. 

SEPIC converter is capable of increasing or decreasing 

the output voltage compared to the input [7], they SEPIC 

output are controlled by varying the duty cycle of 

switches, but has advantages of non-inverted output 

(polarity of input and output are same). Modified SEPIC 

is advanced models of SEPIC converter which can be 

operate both withand without magnetic coupling [8]. We 

are implement with magnetic coupling. The figure 3 

exhibit the circuit diagram of Modified SEPIC converter 

with magnetic   coupling.  

 

Figure 3. circuit diagram Modified SEPIC converter with 

magnetic   coupling 

PI controller are used to generate control signal to driver 

circuit which give the required triggering pulse to SEPIC 

converter based on the output of it. Wire plate type ESP 

is considered for the examination and its equivalent 

circuit is designed and used. [10] The figure 4 depict the 

equivalent circuit of wire plate ESP 
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Figure 4. Electrostatic precipitator equivalent circuit

It is necessary to deliver very high voltage around 20KV 

for ESP, to produce corona discharge for ionizing the 

particle in flue gases. [9] To realize the equivalent circuit 

of ESP we have to design select the value of capacitor, 

resister and zener diode, a capacitor is connected parallel 

to both resister and zener diode which is connected in 

series [12]. 

Simulation of SEPIC Converter Topology based Solar 

Powered wire plate ESP: 

Table 1. exhibit the parameter 

  

Source parameters 

  

  

  

  

  

Load parameters at 50 Hz 

  

 

Electrostatic precipitator equivalent circuit 

It is necessary to deliver very high voltage around 20KV 

for ESP, to produce corona discharge for ionizing the 

To realize the equivalent circuit 

of ESP we have to design select the value of capacitor, 

capacitor is connected parallel 

de which is connected in 

SEPIC Converter Topology based Solar 

The Figure 5 shows the simulation circuit of 

Converter Topology based Solar Powered Electrostatic 

Precipitator. 

Figure 5. the simulation circuit of 

plate ESP with modified SEPIC Converter Topology.

exhibit the parameter chosen for the simulation 

  

Vrms =415 V, freq =50 Hz, source impedance = 0.1 ohm , 0.01H

  

• Un balanced load 

          Phase-a impedance = 120 ohm,0.06 H 

          Phase-b impedance =50 ohm, 0.04H 

          Phase-c impedance =140 ohm,0.03H 

• 3Φ diode bridge with  

RL  load  200ohm and 0.01 H (which of non linear 

              nature)                

• DC load  of 100 ohm  

• load of transient nature 

             Phase -a impedance =90ohm ,0.35H 

             Phase- b impedance =30ohm,0.15H 

             Phase- c impedance =80ohm,0.2H 

  

Figure 5 shows the simulation circuit of SEPIC 

Solar Powered Electrostatic 

 

the simulation circuit of Solar Powered wire 

SEPIC Converter Topology. 

=415 V, freq =50 Hz, source impedance = 0.1 ohm , 0.01H 

(which of non linear  
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Interface inductance 2ohm,0.04H 

  

DC storage capacitor 

Capacitance =22000mF 

Reference voltage=1.47V 

  

Hysteresis band 

  

  

0.6 A 

  

Other parameters 

  

Switching frequency = 4.5kHz 

PI controller gains – Kp = 1.0, Ki = 1.0 

Simulation time step= 5ms 

  

 

Inference of simulated waveforms: 

The figure 6 display the output of array of solar panels, 

an array of ten 12 V solar panels are connected in series. 

It gives output voltage around 120 volt. 

Solar Output

 

Figure 6. the output of array of solar panels. 

The figure 7 shows the triggering pulse generated to the 

modified SEPIC converter by the driver circuit in 

accordance with control signal received from PI 

controlled. Pulse wide are modified as per the output 

feedback of SEPIC converter.  

 

Figure 7. The triggering pulse generated to the modified 

SEPIC converter. 

Output of the converter are given to four stages of 

voltage multiplier, in each stage voltage level seems to be 

improved and finally it has been reached to the level of 

20 KV. The figure 8 display the input given to the ESP. 

the output attain the steady state (steady state time) of 20 

KV on 0.006 sec after having a peak over shoot of 45 KV 

, delay time and rise time seems to very less. Therefore 

system exhibit good dynamic response. 
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Figure 8. The input given to the ESP. 

3. Conclusion 

Proposed system provides a cost effective solution for 

realizing a solar powered ESP by eliminating the many 

auxiliary power conversion converters and stepup 

transformer. It also seems to be the highly efficient 

system by eliminating the losses in various stages of 

power conversion, stepup transformerand 

reducesfrequency related losses. The time domain 

specification proves the rapidity with which the system 

respond.  
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