MITIGATING DISTRIBUTION FEEDER VOLTAGE
RISE OPTIMALLY USING AN ON-LOAD TAP
CHANGING TRANSFORMER AND SMART
INVERTERS

D.l. Manamperi

(178623P)

Dissertation submitted in partial fulfillment of the requirements for the

Degree Master of Science in Electrical Engineering

Department of Electrical Engineering

University of Moratuwa
Sri Lanka

June 2021



DECLARATION OF THE CANDIDATE AND SUPERVISOR

| declare that this is my own work and this dissertation does not incorporate without
acknowledgement any material previously submitted for a Degree or Diploma in any
other University or institute of higher learning and to the best of my knowledge and
belief it does not contain any material previously published or written by another

person except where the acknowledgement is made in the text.

Also, | hereby grant to University of Moratuwa the non-exclusive right to reproduce
and distribute my dissertation, in whole or in part in print, electronic or other medium.
| retain the right to use this content in whole or part in future works (such as articles

or books).

Signature: Date:  11-08-2021
(D.1. Manamperi)

The above candidate has carried out research for the Masters Dissertation under our

supervision.

Signature of the supervisor: Date 11-08-2021

(Dr. L.N. Widanagama Arachchige)

Signature of the supervisor: Date  11-08-2021

(Prof. J. B. Ekanayake)



ACKNOWLEDGMENTS

| take this opportunity to express my profound gratitude to all those who contributed
to completing this research.

My supervisors Prof. J. B. Ekanayake and Dr. L.N. Widanagama Arachchige, have
given me the most significant support and guidance throughout the research project. |
express my deepest gratitude for their guidance and advice during my work. Also, |
am thankful for their valuable contribution in reviewing my writing, making
corrections to improve, and finalizing the research papers and the thesis.

I am also thankful for all the lecturers who provided their valuable suggestions in
progress review presentations.

Finally, 1 would like to thank my family members for their support provided during
the research work.



ABSTRACT

Higher utilization of distributed generation using solar PV can be observed in recent
years due to the gradual reduction of solar panel cost. More additions of solar PV
generation in the LV grid can be expected in the future. One of the major challenges
encountered by distribution grid operators due to high solar penetration is the voltage
rise at the far end of the distribution lines. The centralized control of PV inverters and
other controllable devices such as on-load tap changer transformers are a potential
solution to solve the voltage rise problem. Optimum centralized control is a heavily
investigated topic in the recent past. The optimum control of controllable devices in
LV grids can prevent the voltage rise while minimising the energy loss due to resistive
loss and generation curtailment. Optimum power flow can be utilized for optimum
centralized control.

Optimum power flow is a non-convex problem, and there are different solutions to
solve it. A sequential mixed-integer second-order cone program-based methodology
is suggested in this thesis. According to simulation results, the suggested method has
a faster execution time and higher accuracy than the methods discussed in the literature.
Also, the thesis proves that the voltage rise can be successfully mitigated by applying
the proposed algorithm.

KEYWORDS: Optimum power flow, power distribution system, distributed generation,

second-order cone programming
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