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State Estimation Based on New Measurement Information
in A Distribution System with Massive Renewable Energy

Sources Integration’

Riku AKASAKA
Abstract

The introduction of photovoltaic system (PV) into the distribution system is accelerating toward the
government's goal of becoming carbon neutral by 2050. As a large amount of PV for customer is connected
in the distribution system, the voltage profile becomes more complex and voltage management becomes
more difficult. Then, it is becoming increasingly important to accurately estimate the voltage profile of the
distribution system for proper voltage management. but it is economically unrealistic to install measurement
equipment throughout the entire distribution system, which is spread over a wide area. Currently, the only
way to estimate voltage profiles is based on information obtained from distribution substations and
measurements at several points. With the introduction of PV, information on load and PV output is becoming
more important in terms of grid operation (load and PV output forecasting, restoration work in case of power
outage) and facility planning (distribution line expansion planning, calculation of PV installation capacity).
Therefore, The importance of separating and estimating load and PV output information from net power
information is increasing. In particular, it is necessary to estimate load and PV output in real time during
restoration work at the time of an accident.

On the other hand, the introduction of smart meters that can replace conventional watt-hour meters and the
introduction of compartmentalized switchgear with measurement functions (hereinafter referred to as IT
switchgear) is progressing. The main purpose of using smart meter information is to settle electricity charges,
but as big data with fine granularity in terms of geographic and time resolution, it has the potential to be
used for grid operation, control, and facility planning. IT switch is a device that has a sensor function
attached to a classified switchgear, and although it is installed in smaller numbers than smart meters, it
provides more types of measurement information.

In order to cope with increasingly complex voltage management, a method is proposed to estimate the
voltage profile in the distribution system from the measurement information of smart meters and IT switch.
Then, study the estimation accuracy of the voltage profile required for appropriate voltage control. In
addition, we propose a method for estimating load and PV output in real time using state estimation and
independent component analysis (ICA), assuming the dissemination work at the time of an accident.

Key words: Distribution system, Photovoltaic power system, Smart meter, State estimation, Voltage profile

estimation

"Doctorr’s Thesis, Division of Systems Science and Informatics, Graduate School of Information Science and
Technology, Hokkaido University, SSI-DT46215030, February 13, 2024
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