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Abstract-PV (photovoltaic) generation may cause voltage rise at the interconnection point due to reverse power flow, 

which is recognized as a critical issue for keeping power quality. This paper investigates a decentralized management 

problem of PCSs (Power Conditioning Systems) which are used to interconnect the PV system into the power grid. We 

consider a real-time pricing strategy of the operator who plays the role of a management office of a PV generation plant. 

Each PCS determines own set-points of the active and reactive power injections by solving an individual small size 

optimization problem that includes the conceptual price provided by the operator. This feedback interaction between the 

operator and PCSs eventually suppresses the voltage deviation. The effectiveness of the proposed methodology is 

evaluated through the numerical and real physical experiments. 

 

I. INTRODUCTION 
 

PV (photovoltaic) generation has experienced the most growth among the renewable energy 

sources in the last few years. PV installations are no longer isolated from the power grid but 

connected to it, and the interconnection capacity may continue to increase [1]. Reverse power 

flow from a PV generation plant may lead to voltage rise, which is recognized as a critical issue 

for keeping the power quality [2]. Voltage regulation devices such as LRTs (Load Ratio control 

Transformers), SVRs (Step Voltage Regulators) and SCs (Shunt Capacitors) can contribute to 

mitigate the voltage rise [3], [4].Another possibility is utilizing the capability of inverters or 

PCSs (Power Conditioning Systems), which are used to interconnect the PV system into the 

power grid, for reactive power control as well as adjusting the amount of active power produced 

[5], [6], [7], [8]. Reverse power flow often fluctuates and makes the voltage profile complicated. 

This necessitates an alternative method to control the amount of active and reactive power 

injections to compensate the voltage rise. In addition, a decentralized control strategy is 

implementable, which will be the main theme of this paper. In [5], a reactive power dispatching 

scheme has been considered for voltage support through multi-agent based optimization. 
  

II. EXISTING SYSTEM 
 

The existing method describes the phase voltage regulation of a GCC under 

unbalanced conditions. However, the methods presented have three drawbacks. First, they do 

not consider the zero-sequence voltage component whereas it exists in most unbalanced 

faults. Their accuracy are thus severely affected by the zero sequence component of the PCC 

voltage which will be shown later in this paper. Second, these methods have been only 

applied in inductive grids, i.e. assuming very high X/R ratio. Third, all of the existing 

strategies are formulated assuming zero active power delivery. 

 
 

III. PROPOSED SYSTEM 
 

The proposed method proposes an advanced voltage support scheme (VSS) addressing 

these three issues. First, it fully compensates the zero-sequence component and accurately 

regulates the phase voltages within the pre-set safety limits under unbalanced fault conditions. 

The safety voltage limits are typically imposed by grid codes for uninterrupted operation of 
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GCCs. Second, the proposed scheme is applicable to resistive grids, e.g. typical distribution 

systems. Third, the active power transferred by the GCC is also considered in the proposed 

VSS. 
 

IV. BLOCK DIAGRAM  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

V. TRADITIONAL GRID ISSUES AND SMART GRID 
 

Traditional utility grid is under challenge of balancing ever-growing heavy load, 

performing load demand management, improving asset efficiency and incorporating 

renewable energy. Nowadays, electric power is mostly generated in a "centralized" way. The 

overall electric power is generated by several giant power plants. It is then supplied to end-

users through transmission and distribution lines, substations and transformers. As grid 

operation and protection mechanisms are based on unidirectional power flow, it is difficult to 

integrate and manage unpredictable bi-directional power flow induced by the renewable 

sources introduction. Moreover, electricity travels long distance to reach the end-users, which 

cause certain amount of power loss. The distributed generation, which means generating local 

power by large number of dispersed power sources, can improve the overall efficiency, 

decrease impact on grid by local consumption and ameliorate supply reliability. However, 

facing high penetration level of renewable energies, communication and new control 

strategies are required to coordinate distributed generation within the existing utility grid. 

 

With the ever-growing load, the utility grid scale is growing significantly. One 

blackout affects much larger range than ever, so self-healing enhanced by distributed 

generation is demanded for future. The utility grid must be able to balance heavy load, match 

nearly instantly the production with the load demand. Unbalanced power would cause 

fluctuations in grid voltage amplitude and frequency, or even blackout. This power balancing 

requires certain amount of fast responding spinning reserves, such as natural gas and 

petroleum fired power plants working in stand-by mode. Maintaining these reserves online 

represents the most expensive economic and environmental part in utility grid. The load 

demand in utility grid varies according to seasons, days, hours, minutes and seconds. The grid 
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capacity is built to satisfy the peak load consumption. Most of the time, the assets in the grid 

are not fully used. During a day, if the peak consumption can be shifted to other time, referred 

to as “power peak shaving”, the grid capacity and energy cost could be largely reduced.  
 

VI. DECENTRALIZED CONTROL STRATEGY FOR PV/BATTERY HYBRID UNIT IN ISLANDED 

MICROGRIDS 

 

A power management strategy for PV/battery hybrid systems in islanded microgrids is 

proposed in this chapter. The control strategy enables the PV/battery unit to operate as a 

voltage controlled source that employs an adaptive droop control to share the load with other 

sources while charging the battery. Also, the PV/battery unit can track and supply the 

maximum PV power to the microgrid as long as there is sufficient load. Otherwise, the hybrid 

unit will autonomously match the varying load demand while storing the excess energy in the 

battery. The control strategy is designed to adjust the PV operating point to match the load 

autonomously whenever the available PV power is higher than the load and the battery is fully 

charged. Moreover, the battery can provide the operational functions that a separate storage 

unit may provide in an islanded microgrid, such as regulating the frequency, and supplying 

de_cit power in the microgrid. This is achieved by utilizing multi-loop control and multi-

segment adaptive droop control without relying on any central management algorithm, 

communications, or switching logic. Small-signal models of the proposed control loops are 

developed to investigate system stability. The system performance is validated using 

experimental results from a 4 kVA prototype microgrid. The objectives of the proposed 

control strategy and the problem statement are discussed in Section 2.2. In Section 2.3, the 

description of the islanded microgrid and the PV/battery hybrid unit is briey presented along 

with the structure of the power management strategy. The internal power management 

strategy, which is responsible for managing the power ow among the PV array, the battery, 

and the DC-link, is discussed in Section 2.4. The concept of the proposed adaptive droop 

control and its behavior dur-ing different operating scenarios is introduced in Section 2.5. The 

implementation of the controller is presented in Section 2.6. Small-signal models of the 

proposed control loops are developed and stability is analyzed in Section 2.7. The 

experimental results that validate the proposed control strategy are presented in Section 2.8, 

followed by concluding remarks in Section 2.9. 
 
 

VII. DECENTRALIZED CONTROL STRATEGY FOR PV/BATTERY  HYBRID UNITS IN 

ISLANDED MICROGRIDS 
 
 

In this chapter, an alternative control strategy is proposed to achieve decentralized 

power management of PV/battery hybrid units in islanded microgrids. The proposed strategy 

orders new features in addition to those achieved by the strategy introduced in Chapter 2. 

More specifically, it eliminates the operational limitations of the former technique, which are: 

 

When the PV power is very low or not available, e.g. at night, the hybrid unit supplies 

power based on the maximum droop slope (mpv-max), which is calculated based on a 

predefined reduced power rating. The reduced power rating is set to 25% of the PV array 

rating as an example in Chapter 2. This could deplete the battery prematurely, if the battery 

power rating is close or equal to the reduced power rating. In this case, the battery appears in 

the microgrid as a droop controlled unit with a power capacity close or equal to the battery 

power rating. During the battery charging priority scenario, the portion of the PV power 

available to charge the battery is constrained by the maximum limit of the droop slope (mpv-

Suraj Punj Journal For Multidisciplinary Research

Volume 11, Issue 4, 2021

ISSN NO: 2394-2886

 Page No: 414



max). Also, the battery can only be charged by the PV power. In other words, the edibility to 

support charging the battery from the other units is not ordered. PV curtailment starts only 

when the battery SOC reaches the maximum limit of SOC max. However, in practice, the 

charging power should be reduced gradually when the SOC approaches its maximum limit 

SOC max, to avoid battery voltage excursions. Therefore, a more practical charging control 

strategy is required. According to the proposed strategy, the PV unit is controlled as voltage 

source that follows a multi-segment adaptive power/frequency (P=f) characteristic curve. The 

proposed P=f characteristics, of the hybrid unit and of the whole microgrid, adapt 

autonomously to the microgrid operating conditions so that the hybrid unit may supply the 

maximum PV power, match the load, and/or charge the battery, while maintaining the power 

balance in the microgrid and respecting the battery state of charge (SOC) limits. These 

features are achieved without relying on a central management system and communications, 

as most of the existing algorithms do. The control strategy is implemented using multi-loop 

controllers, which provide smooth and autonomous transitions between the operating 

scenarios. The small-signal stability of the proposed control loops is investigated and the 

system performance is experimentally validated on a 4 kVA microgrid. 

 

The objectives of the proposed control strategy and the problem statement are 

discussed in Section 3.2. The control strategy is subdivided into two parts, VSC control, and 

DC-DC converters control. The VSC control system is discussed in detail in Section 3.3, 

while the DC-DC converters control system is presented in Section 3.4. Small-signal models 

of the proposed control loops are developed, and stability is analyzed in Section 3.5. 

Experimental results that validate the proposed control strategy are presented and discussed in 

Section 3.6, followed by concluding remarks in Section 3.7. 
 

VIII. PROBLEM STATEMENT 
 

The same configuration of the microgrid and the PV/battery hybrid unit that was 

introduced in Chapter 2 (Section 2.3), is used here as shown in Fig. 3.1. The objective of the 

proposed control strategy is to coordinate the operation of the PV/battery unit with the other 

droop controlled units, to deliver the available PV power to the microgrid, while maintaining 

the power balance in the system and respecting the SOC limits and power rating of the 

battery. More specifically, the proposed control strategy should provide the following 

functional features without relying on communications or any central management 

algorithm:The hybrid unit tracks and delivers all the available PV power to the microgrid after 

charging the battery to the desired SOC. 

 

1. The hybrid unit can absorb power from the microgrid to support charging the battery 

without disturbing the power balance in the microgrid. In other words, the power used to 

charge the battery will vary autonomously based on the varying load and the available power 

from the PV unit, to ensure that the load demand is met, and to avoid exceeding the power 

ratings of the other units. 

 

2. If the available PV power is more than the load demand, the hybrid unit will match the 

varying load, while storing the surplus energy in the battery. 

 

Suraj Punj Journal For Multidisciplinary Research

Volume 11, Issue 4, 2021

ISSN NO: 2394-2886

 Page No: 415



3. If the battery is fully charged, or if the surplus power is higher than the battery Converter 

rating, the control strategy will autonomously adjust the PV operating point to curtail the PV 

power generation so that it matches the load. 

 

 

 

IX. SMALL-SIGNAL MODEL OF THE PROPOSED CONTROL LOOPS 

 

Modeling and control designs of the voltage controllers for the DC-DC converters and 

VSCs are well established in the literature. As in Chapter 2, the voltage controllers for the 

DC-DC converters are designed in this work as in [50], while the voltage control loops for the 

VSCs are designed as in [14]. The structures and the parameters of these controllers are 

presented in Appendix A. Therefore, the focus of this section is only on the real/reactive 

control loops, and the battery charging loop (PB control loop), to gain insight into the 

dynamics and the control design of these loops. 
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X. CONCLUSION 

 

The decentralized management problem of PCSs which are used to interconnect the PV 

system into the power grid. The voltage rise due to the reverse power flow can be suppressed 

by reducing the amount of active power produced, as well as, injecting an appropriate amount 

of reactive power. We have proposed the real-time pricing strategy of the operator, a 

management office of the PV generation plant, and each PCS determines own setpoints for 

the active and reactive power flow by solving the individual optimization problem including 

the provided price. This feedback interaction between the operator and PCSs suppresses the 

voltage deviation. The effectiveness of the proposed real-time pricing and distributed decision 

making methodology is evaluated through the real physical experiment. 
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