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Abstract: Power quality is a major concern for power engineers these days. Power quality is a resemblance of 
practical power system to ideal power system. But delivering power with fine quality is a hard task due to increased 
load demands and type of loads connected. A linear load doesn’t retune the source voltage and current but non-linear 
loads induce harmonics in to the system disturbing the complete operation of power system. Presence of reactance in 
AC system and increased load demand can cause reactive power to drop which influences the supply voltage. This 
paper depicts the functioning of UPQC for elimination of harmonics and maintaining required reactive power in the 
power system. Paper discusses the stability of a system when a distributed generation was included at UPQC DC 
bus. This distributed generation can stabilize DC bus voltage and can deliver required active power when there is a 
change in load demand delivering power through UPQC. Output f distributed generation was stepped up using an 
interleaved boost converter; analysis of interleaved boost converter was explained. A suitable control strategy was 
employed to control UPQC and results were discussed for the cases without distributed generation, with distributed 
generation fixed load and variable load conditions. THD was shown for the cases explained.
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INTRODUCTION1. 
Disadvantage of fossil fuels finds a solution to conserve environmental conditions. Emission of high pollution 
in to atmosphere and availability is the most set-back for fossil fuels. Lack of availability increases the 
cost of fuel and thus increasing the running cost of the plants when run with fossil fuels like coal, gas etc. 
and researchers searched for alternative fuel that can reduce the pollution with less running cost for power 
generation. Renewable source of energy is freely available from the environment decreasing running cost 
of power generation. Also renewable sources produce energy with pollution free [1-6].

Figure 1: General DG integration scheme to grid
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Power quality is the major constraint in power system these modern days due to increased variants of 
load. The nature of load can deteriorate the quality of power in power system. Due to advancements in 
variety of devices used as loads, power quality is reduced and is a major constraint. Majority of the loads 
from industries and commercial loads are of non-linear type. House hold equipments are also installed 
with non-linear natured devices for their operation [7-11]. This non-linear nature of devices at load centers 
induces harmonics in to the power system deteriorating the quality of power. Increase in loads can also draw 
high reactive power and thus creating voltage stability problems as voltage is directly related to reactive 
component of total power.

FACTS devices [12-15] are viable answer to address voltage and harmonic problems. Use of one 
custom power device for harmonic elimination and the other for voltage stability increases the cost and 
unified power quality conditioner is a single custom power device that can address the issues of voltage 
and harmonics simultaneously. UPQC is a combination of series and shunt controllers controlled with a 
single controller.

This paper addresses the viability of integrating distributed generation like photo-voltaic system for 
power generation and integrated to custom power device UPQC to transmit active power to grid. The 
power from PV system is low voltage and is boosted using an interleaved boost converter. Interleaved 
boost converter increases the voltage from PV system and transmits power to UPQC. UPQC performs the 
task of inverting DC power to AC and supplies power to grid. UPQC also eliminates harmonics presence 
in power system ans stabilizes the voltage. Figure 1 shows the general schematic arrangement of grid 
connected RES [16].

PV WITH INTERLEAVED BOOST CONVERTER2. 
The diagrammatic representation of the interleaved boost converter is shown in below Figure 2. As the 
interleaved boost Converter consist of two boost converters which are connected in parallel and are controlled 
by phase-shifted switching function. The interleaved boost converter switching operation is shown in Figure 3. 
As we have chosen only Dual interleaved boost converter each switch is phase shifted 180° with one another. 
As the number of converters connected parallel increases the phase shift angle decreases.

Figure 2: Interleaved Boost DC-DC Converter

Figure 3: Timing diagram of Control Signal
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DESIGNING OF INTERLEAVED BOOST CONVERTER

Figure 4: Inter leaved boost converter

Figure 5: Inter leaved boost converter when switch T1 ON condition

Figure 6: Inter leaved boost converter when T1 OFF &T2 ON
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Mode 2: During T1 OFF & T2 ON
For inductor L1
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Figure 7: Operating Waveform
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For output capacitor
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UNIFIED POWER QUALITY CONDITIONER WITH DG3. 

Figure 8: Block diagram of the proposed UPQC with DG integration topology

Figure 6 illustrates the block diagram of proposed UPQC with DG integration. UPQC is a combination 
of back-to-back converters connected through a common DC link capacitance. The generated power from 
DG or from PV system is boosted using an interleaved boost converter and the power is fed to DC link 
capacitor. The capacitor is a common DC link between two converters of UPQC and while operating as 
UPQC capacitor discharges. The power from DG stabilizes the voltage across capacitor and allows UPQC 
to transfer active power to grid by inverting to AC. UPQC performs two tasks by converting DC to AC 
from DG and integrating active power from DG to grid and also UPQC eliminates harmonics stabilizing 
voltage in main grid.

CONTROL OF UPQC4. 
Block diagram controlling the UPQC is shown in Figure 7. The source voltage is sensed and the three 
phase voltage is sent to PLL for the information regarding sin, cos and phase angle. The line voltages are 
sent for parks transformation to conversion from abc to dq conversion. The DC voltage is measured and is 
compared with reference DC voltage to get error fed to PI controller to obtain reference signal magnitude 
The sinusoidal shape information from PLL is multiplied to magnitude and reference signal is obtained. 
The reference in dq frame is inverse transformed to abc using inverse parks transformation and the pulses 
are generated from PWM controller to the gates of IGBT in UPQC.
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Figure 9: Block diagram of the control for UPQC

MATLAB/SIMULINK RESULTS AND DISCUSSIONS5. 

Case 1: UPQC without DG

Figure 10: Results showing source voltage, source current, load current and filter currents of UPQC without DG

Figure 11: Results showing source voltage, induced voltage through filter, load voltage of UPQC without DG
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Figure 12: Results showing power factor of UPQC without DG

Figure 13: Result of THD in load current for UPQC without DG

Figure 14: Result of THD in source current for UPQC without DG

Figure 10 shows results of source voltage, source current, load current and filter currents of UPQC 
without DG. Figure 11 is Result showing source voltage, induced voltage through filter, load voltage of 
UPQC without DG. Figure 12 is result showing power factor of UPQC without DG. Figure 13 shows THD 
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in load current for UPQC without DG and figure 14 shows THD in source current for UPQC without DG. 
THD in load current is 29.8 % and while UPQC is connected the source current distortions are reduced to 
5% maintained nominal due to presence of UPQC.

Case 2: UPQC with Integration of DG and Fixed Load

Figure 15: Results showing source voltage, source current, load current and filter currents of UPQC with DG and 
fixed load condition

Figure 16: Results showing power factor of UPQC with DG and fixed load condition

Figure 17: Result of active power in source and load for UPQC with DG and fixed load
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Figure 18: Result of reactive power in source and load for UPQC with DG and fixed load

Figure 19: Result of THD in load current for UPQC with DG and fixed load

Figure 20: Result of THD in source current for UPQC with DG and fixed load

Figure 14 shows Matlab model of UPQC with DG fixed load and figure 15 shows results of source 
voltage, source current, load current and filter currents of UPQC with DG fixed load. Source voltage and 
current does not contain any harmonics due to presence of UPQC. Figure 16 is Result showing power factor 
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of UPQC with DG fixed load. Power factor is maintained nearer to unity as there is no phase difference 
between source voltage and current. Figure 17 is result showing active power of both source and load of 
UPQC with DG fixed load. Figure 18 is result showing reactive power of both source and load of UPQC 
with DG fixed load.

Figure 19 shows THD in load current for UPQC with DG fixed load and figure 20 shows THD in source 
current for UPQC with DG. THD in load current is 29.74 % and while UPQC is connected the source 
current distortions are reduced to 5 % within nominal.

Case 3: UPQC with Integration of DG and Variable Load

Figure 21: Results showing source voltage, source current, load current and filter currents of UPQC with DG and 
variable load condition

Figure 22: Results showing power factor of UPQC with DG and variable load condition

Figure 21 shows results of source voltage, source current, load current and filter currents of UPQC with 
DG variable load. Load demand is met from the distributed generation through filter. Figure 22 is Result 
showing power factor of UPQC with DG variable load. Power factor is maintained nearer to unity as there 
is no phase difference between source voltage and current. Figure 23 is result showing active power of both 
source and load of UPQC with DG variable load. Figure 24 is result showing reactive power of both source 
and load of UPQC with DG variable load. Active power demand is met from the distributed generation 
and reactive power is maintained constant even when the load demand is increased.
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Figure 23: Result of active power in source and load for UPQC with DG and variable load

Figure 24: Result of reactive power in source and load for UPQC with DG and variable load

Figure 25: Result of THD in load current for UPQC with DG and variable load

Figure 25 shows THD in load current for UPQC with DG variable load and figure 26 shows THD in 
source current for UPQC with DG. THD in load current is 29.26 % and while UPQC is connected the 
source current distortions are reduced to 5 % maintained nominal.
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Figure 26: Result of THD in load current for UPQC with DG and variable load

CONCLUSION6. 
The problems due to increased load demand and quality in load are a constraint for power engineers. 
Non-linear loads induce harmonics and increased loads can create voltage stability problems. UPQC is a 
custom power device addressing both the said issues. Voltage stability across DC link voltage is a constraint 
with UPQC employing two back-to-back converters. A DG source, a PV system is integrated to UPQC to 
stabilize voltage across DC link capacitor and also to send active power to grid while UPQC addressing 
its operation for harmonics and voltage stability in grid. THDs with DG and without DG, DC link voltage 
with and without DG integration is shown and maintained within nominal values. Source currents along 
with load currents and filter currents induced are shown. The proposed work shows viability of UPQC 
with DG integration to grid.

References
M. Bollen1. , Understanding Power Quality Problems. Piscataway, NJ, USA: IEEE, 2000, Ch. 1, pp. 1-35.
H. Fujita and H. Akagi, “Voltage-regulation performance of a shunt active filter intended for installation on a power 2. 
distribution system,” IEEE Trans. Power Electron., Vol. 22, No. 3, pp. 1046-1053, May 2007.
K. Kowalenko, Distributed Power Offers an Alternative to Electric Utilities, Vol. 25, 3. IEEE Press, Piscataway, NJ, 2001.
F. Blaabjerg, Z. Chen, S.B. Kjaer, Power electronics as efficient interface in dispersed power generation systems, 4. IEEE 
Trans. Power Electron. 19 (September (5)) (2004) 1184-1194.
M. Aredes, K. Heumann, and E. Watanabe, “An universal active power line conditioner,” 5. IEEE Trans. Power Del., 
Vol. 13, No. 2, pp. 545-551, Apr. 1998.
K. Dai, P. Liu, G. Wang, S. Duan, and J. Chen, “Practical approaches and novel control schemes for a three-phase three-6. 
wire series–parallel compensated universal power quality conditioner,” in Proc. IEEE APECExpo., 2004, Vol. 1, pp. 
601-606.
H. Fujita and H. Akagi, “The unified power quality conditioner: The integration of series and shunt-active filters,” 7. IEEE 
Trans. Power Electron., Vol. 13, No. 2, pp. 315-322, Mar. 1998.
J. Moreno, M. E. Ortuzar, and J. W. Dixon, “Energy-management system for a hybrid electric vehicle, using ultra capacitors 8. 
and neural networks,” IEEE Trans. Ind. Electron., Vol. 53, No. 2, pp. 614-623, Apr. 2006.
F.Z. Peng, Editorial: 9. Special issue on distributed power generation, IEEE Trans. Power Electron. 19 (September (5)) 
(2004) 1157-1158.
T.S. Perry, 10. Deregulation may give a boost to renewable resources, IEEE Spectr. (January) (2001) 87.
Hideaki Fujita and Hirofumi Akagi, the Unified Power Quality Conditioner: The Integration of Series- and Shunt-Active 11. 
Filters, IEEE Tran. Power Electronics, Vol. 13, No. 2, Mar. 1998, pp.315-322.



500 N.C. Kotaiah and K. Chandra Sekhar

Fang Zheng Peng, George W. Ott Jr., and Donald J. Adams, “Harmonic and Reactive Power Compensation Basedon the 12. 
Generalized Instantaneous Reactive Power Theory for Three-Phase Four-Wire Systems, IEEE Trans, Power Electronics, 
Vol. 13, No. 6, Nov. 1998, pp. 1174-1181.
N. Kumarasabapathy1 and P. S. Manoharan, MATLAB Simulation of UPQC for Power Quality Mitigation Using an 13. 
Ant Colony Based Fuzzy Control Technique, Scientific World Journal, Hindawi Publishing Corporation, Volume 2015, 
pp 1-9.
Goutam Kumar Malla, Simulation Study of UPQC and Active Power Filters for a Non-Linear Load, 14. International Journal 
of Current Engineering and Technology, Vol. 5, No. 1 (Feb 2015), pp 375-384.
M. Hembram and A. K. Tudu, “Mitigation of power quality problems using unified power quality conditioner (UPQC),” 15. 
Computer, Communication, Control and Information Technology (C3IT), 2015 Third International Conference on, 
Hooghly, 2015, pp. 1-5.
P. Srinivasa Varma and M. Yateesh Kumar, “A Comparative Study for Alleviation of Current Harmonics using PI/FUZZY 16. 
Controller based PV-APF System”, Indian Journal of Science and Technology, Vol. 9, No. 23, June 2016.


