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Abstract: The look reason for the traditional UPQC was restricted to raise the power company's 

distribution grid through getting the chance to supply sag, swell, and harmonic current compensation. 

Transmission of several distributed forces (DERs) like solar, wind, and plug-in hybrid electric 

automobiles (PHEVs) for the distribution grid is booming. There's a corresponding rise in power quality 

problems and intermittencies across the distribution grid. To be capable of reduce the intermittencies and 

raise the power company's distribution grid, an ultra-capacitor (UCAP) integrated power conditioner is 

suggested during this paper. UCAP integration provides the power conditioner active power capacity 

that's helpful in tackling the grid intermittencies plus enhancing the current sag and swell compensation. 

UCAPs have low energy density, high-power density, and fast charge/discharge rates, that are perfect 

qualities for meeting high-power low-energy occasions like grid intermittencies, sags/increases. The 

simulation type of the general technique is developed plus comparison while using the experimental 

hardware setup. During this paper, UCAP is created-into electricity-link within the power conditioner 

utilizing a bidirectional electricity-electricity ripping tools that can help in supplying a stiff electricity-link 

current. The mix could be helpful for offering active/reactive power support, intermittency smoothing, 

and sag/swell compensation. Design and Charge of both electricity-ac inverters along with the electricity-

electricity ripping tools are discussed. 

Keywords: Active Power Filters (APF); Dc–Dc Converter; Dynamic Voltage Restorer (DVR); Energy 

Storage Integration; Sag/Swell; Ultra Capacitors (UCAP) 

I. INTRODUCTION 

The idea of integrating the Video recorder and APF 

utilizing a back-back inverter topology was 

introduced along with the topology was named as 

unified power quality conditioner [1]. The look 

reason for the traditional UPQC was restricted to 

raise the power company's distribution grid through 

getting the chance to supply sag, swell, and 

harmonic current compensation. During this paper, 

energy storage integration towards the power 

conditioner topology remains suggested, that will 

the integrated system to supply additional 

functionality. Power quality is primary reason 

behind concern available on the market, and you 

have to keep good power quality across the grid. 

Therefore, there's restored passion for power 

quality items such as the dynamic current restorer 

and active power filter Video recorder prevents 

sensitive loads from encountering current 

sags/increases and APF prevents the grid from 

offering non sinusoidal power once the load is 

nonlinear. With the rise in transmission within the 

distribution forces like wind, solar, and plug-in 

hybrid electric automobiles, there's a corresponding 

rise in the ability quality problems and 

intermittencies across the distribution grid within 

the seconds to minutes time scale [2]. Energy 

storage integration with DERs could be a potential 

solution, that will heighten the sturdiness in the 

DERs by reduction in the intermittencies 

additionally to help with tackling a few in the 

power quality problems across the distribution grid. 

Programs where energy storage integration will 

raise the functionality are more and more being 

recognized, and attempts are increasingly being 

designed to make energy storage integration over-

the-counter viable round the massive. Smoothing of 

DERs is certainly a credit card applicatoin where 

energy storage integration and optimal control play 

a vital role a theoretical analysis is moved to look 

for the lower and upper bounds within the battery 

size for grid-connected PV systems. It's apparent 

inside the literature that renewable intermittency 

smoothing is certainly a credit card applicatoin that 

needs active power support from energy storage 

within the seconds to minutes time scale. Of all of 

the rechargeable energy storage technologies 

superconducting magnet energy storage, flywheel 

energy storage system, battery energy storage 

system, and ultra-capacitors, UCAPs are perfect for 

offering active power support for occasions across 

the distribution grid which require active power 

support within the seconds to minutes time scale 
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like current sags/increases, active/reactive power 

support, and renewable intermittency smoothing. 

Reactive power support is the one other application 

that's attaining wide recognition with plans for 

reactive power prices [3]. During this paper, 

UCAP-based energy storage integration utilizing a 

power conditioner towards the distribution grid is 

suggested. Current sag and increases are power 

quality problems on distribution grid that should be 

reduced. 

II. IMPLEMENTATION 

UCAP energy storage is attached to the electricity-

link capacitor utilizing a bidirectional electricity-

electricity ripping tools. The series inverter is the 

reason getting to pay for the current sags and 

increases along with the shunt inverter is the reason 

active/reactive power support and renewable 

intermittency smoothing [4]. The ability stage 

includes two back-to-back three-phase current 

source inverters of an electricity-link capacitor. The 

entire circuit diagram within the series Video 

recorder, shunt APF, along with the bidirectional 

electricity-electricity ripping tools is proven. Both 

inverter systems contain IGBT module, its gate-

driver, LC filter, along with an isolation 

transformer. The series inverter controller 

implementation relies on the in-phase 

compensation strategies by which requires PLL for 

estimating ?, which remains implemented when 

using the pretend power method described. 

Therefore, whenever there's a present sag or swell 

across the source side, a corresponding current 

Vinj2 is injected in-phase using the Video recorder 

and UCAP system to negate the finish result and 

retain a ongoing current VL inside the load finish.  

UCAP and bidirectional electricity-electricity 

ripping tools UCAPs provides high power very 

quickly span they've greater power density 

minimizing energy density when compared to Li-

ion batteries. The main advantage UCAPs have 

over batteries could be the power density qualities, 

many charge-discharge cycles over their lifetime, 

and greater terminal current per module. A range of 

the amount of UCAPs needed for offering grid 

support relies on the quantity of support needed, 

terminal current within the UCAP, electricity-link 

current, and distribution grid voltages. A 

bidirectional electricity-electricity ripping tools is 

needed just as one interface concerning the UCAP 

along with the electricity-link, because the UCAP 

current varies taking into consideration the 

selection of energy released, since the electricity-

link current should be stiff. The ability-electricity 

ripping tools should operate in Discharge mode, 

and will be offering active/reactive power support 

and current sag compensation. The ability-

electricity ripping tools ought to be able to operate 

in bidirectional mode to manage to charge or 

absorb additional power inside the grid during 

intermittency smoothing. During this paper, the 

bidirectional electricity-electricity ripping tools 

functions as being a boost ripping tools, while 

delivering power inside the UCAP and procedures 

as being a buck ripping tools while charging the 

UCAP inside the grid. This process is usually more 

stable during comparison along with other 

techniques like current mode control and peak 

current mode control. Average current mode 

control enables you to manage the output current 

within the bidirectional electricity-electricity 

ripping tools in Buck and Boost modes, while 

charging and delivering the UCAP bank. Since the 

UCAP-APF technique is delivering power, the 

ability-link current is usually under, that can cause 

the reference current to obtain positive, therefore 

operating the ability-electricity ripping tools in 

Boost mode. The greater level integrated controller 

should make system level choices across the 

inverter and electricity-electricity ripping tools 

controllers. In active power support mode and 

renewable intermittency smoothing mode, the 

UCAP-PC system must provide active capability to 

the grid [5]. Therefore, the active power capacity 

within the UCAP-PC system needs to be assessed 

using the greater level integrated controller. In 

reactive power support mode, the UCAP-PC 

system must provide reactive capability to the grid. 

During this mode, the UCAP-PC doesn't provide 

any active capability to the grid additionally to 

notebook deficits are provided using the grid. 

Therefore, the aim in the electricity-electricity 

ripping tools controller should be to regulate the 

ability-link current within the stable fashion, since 

the inverter controller should respond therefore the 

commanded Reef is provided using the inverter 

through current control. In sag/swell compensation 

mode, the UCAP-PC product is built to avoid 

sensitive loads from disturbances across the 

supply-side like current sag or current swell. In 

control mode, the UCAP is recharged by absorbing 

active power inside the grid once the UCAP 

condition  falls below. The suggested UCAP 

integrated power conditioner system’s performance 

will probably be simulated for the active and 

reactive power support situation. 

 

Fig.1. Controller diagram of DVR 
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III. SIMULATION FILE 

 

IV. RESULTS 

 

Voltage curves 

 

V. CONCLUSION 

UCAP integration employing a bidirectional 

electricity-electricity ripping tools within the 

electricity-link inside the power conditioner is 

recommended. The control kinds of the series 

inverter depends on in phase compensation 

combined with the control kinds of the shunt 

inverter depends on method. Kinds of major 

Components inside the power stage inside the 

bidirectional electricity-electricity ripping tools are 

talked about. Average current mode control allows 

you to definitely manage the output current inside 

the electricity-electricity ripping tools due to its 

naturally stable characteristic. In this paper, the 

thought of integrating UCAP-based rechargeable 

energy storage getting an electrical conditioner 

system to enhance the power company's 

distribution grid is presented. Applying this 

integration, the recording recorder part of the 

power conditioner can realize your need to 

individually compensate current sags and increases 

combined with the APF part of the power 

conditioner can realize your need to provide 

active/reactive power support and renewable 

intermittency smoothing for your distribution grid. 

The simulation inside the UCAP-PC strategy is 

moved out using PSCAD. Similar UCAP based 

energy storages might be deployed afterwards 

inside the micro grid or simply a minimal-current 

distribution grid to resolve dynamic adjustments to 

our profiles and power profiles over the distribution 

grid. Hardware experimental setup inside the 

integrated strategy is presented along with the 

chance to provide temporary current sag 

compensation and active/reactive power support 

and renewable intermittency smoothing for your 

distribution grid is examined. A larger level 

integrated controller that can take choices while 

using the system parameters provides inputs for 

your inverters and electricity-electricity ripping 

tools controllers to handle things they could control 

actions. The simulation inside the integrated 

UCAP-PC system featuring it’s the UCAP, 

bidirectional electricity-electricity ripping tools, 

combined with the series and shunt inverters is 

moved out using PSCAD. 

VI. REFERENCES 

[1]  P. F. Ribeiro, B. K. Johnson, M. L. Crow, 

A. Arsoy, and Y. Liu, “Energy storage 

systems for advanced power applications,” 

Proc. IEEE, vol. 89, no. 12, pp. 1744–1756, 

Dec. 2001. 

[2]  A. B. Arsoy, Y. Liu, P. F. Ribeiro, and F. 

Wang, “StatCom-SMES,” IEEE Ind. Appl. 

Mag., vol. 9, no. 2, pp. 21–28, Mar. 2003. 

[3]  P. Thounthong, A. Luksanasakul, P. 

Koseeyaporn, and B. Davat, “Intelligent 

model-based control of a standalone 

photovoltaic/fuel cell power plant with 

super capacitor energy storage,” IEEE 

Trans. Sustain. Energy, vol. 4, no. 1, pp. 

240–249, Jan. 2013. 

[4]  T. K. A. Brekken et al., “Optimal energy 

storage sizing and control for wind power 

applications,” IEEE Trans. Sustain. Energy, 

vol. 2, no. 1, pp. 69–77, Jan. 2011. 

[5]  N. H. Woodley, L. Morgan, and A. 

Sundaram, “Experience with an inverter-

based dynamic voltage restorer,” IEEE 

Trans. Power Del., vol. 14, no. 3, pp. 1181–

1186, Jul. 1999. 


