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Environment protection and limit of traditional power generation resources promote renewable
energy’s attendance in power generation. Renewable energy as a clean resource rapidly grows in
power system, especially in Japan, PV as roof-top solar provides a large amount of power for load
consumption in distribution system. Comparing with the highlight of PV, the problem it caused in
distribution system is also significant. In this thesis, voltage management (voltage violation
suppression and voltage unbalance suppression) in PV connected distribution system is discussed.
Besides the problem caused by PV, the novel devices in distribution system draw author’s attention
with their excellent control ability. Mainly, four parts in this thesis are discussed in dealing with the
voltage problem.

The first part discusses Voltage Unbalance Factor (VUF) suppression in PV connected distribution
system. In prior research of VUF improvement, VUF can’t be suppressed to a certain value. And the
unnecessary suppression of VUF appears. Also tap-change device Static Capacitor (SC) is not
capable in dealing with the variable VUF with delay in operation by its mechanical feature. With the
liberalization of power market, the constraint of VUF for different consumers won’t always be same.

Hence, this part proposes a flexible VUF control method via regulation of phase voltage. In




order to realize accurate management of VUF, Battery Energy Storage System (BESS) is applied in
VUF 1mprovement The relation of VUF and phase voltage is proposed and with accurate control of
phase voltage by BESS, more flexible improvement of VUF is realized.

From the view of cost reduction in the application of BESS, SC with relatively low cost is used as
an assistance of BESS in VUF suppression. And the application of SC is proposed to reach more
effective control of VUF and not increase power loss in distribution system.

The second part proposes the cooperation of multiple BESS with Novel SOC management. In
the development of smart grid, the increasing of BESS application is inevitable. The study of
large-scale BESS in voltage management is done a lot, while the control method of small-scale
BESS can’t just take the existed method for large-scale BESS. With the different capacity and
location of multiple BESS, novel method in the cooperation of BESS is needed for their effective
utilization. And State of Charge (SOC) is an important index of BESS for its effective applicaﬁon.
Different from prior research, Novel initiative SOC management making more available capacity of
BESS is proposed.

The third part proposes cooperation control of Small-scale BESS Group (SBG) composed by
Small-scale BESS (S-BESS) in voltage and VUF management. With the proposed method, SOC of
each S-BESS in SBG is balanced and the peak value of each SBG’s output is reduced. Still for cost
reduction in application of BESS, SVR is cooperated with it. A novel cooperation method between
SBG and SVR is proposed with the consideration of SOC value of SBG. The proposed method
contributes to the promotion of S-BESS application in distribution system.

The fourth part discusses the utilizationk of energy storage devices in voltage fluctuation
suppression of PV connected distribution system. Along with the growth of PV, Home Energy
Management System (HEMS) and Electric Vehicle (EV) in distribution system also have notable
development. From the view of future smart grid, with power system liberalization, power retail
business is promoted. Based on previous parts, the cooperation of different energy storage devices
has high possibility to achieve more effective utilization of power. Although the application of
HEMS and EV in voltage management has a lot of details like the definition of power retail cost and
the demerit of fréquency operation of battery in these devices, the attempt in cooperaﬁon of the three

devices with different owners is meaningful to challenge.
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