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ABSTRACT

An energy audit of the electrical network is required in the process of constructing new electrical net-
works as well as in justifying the reconstruction need of existing ones. In this chapter, the structure of a
mobile measuring complex has been developed to conduct an electrical network survey without discon-
necting consumers. The complex can be used to inspect 0.4 kV electrical networks and microgrids of
the same voltage class and allows data collection on voltage losses and electric power losses in network
elements such as a power lines (electric transmission line), and power transformers. The energy audit is
conducted without disconnecting consumers in order to avoid an undersupply of electricity as well as to
determine the real operating modes of power networks. Ultimately, the use of the developed measuring
complex will increase the reliability of the power supply to consumers and ensure the required quality
of the electricity supplied to them.
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INTRODUCTION

An energy audit of the electrical network is required in the process of construction of new electrical net-
works as well as in justifying the reconstruction need of existing ones. At the same time, it is necessary
to obtain data on voltage losses and electric energy losses in network elements such as electric transmis-
sion lines (ETL) and power transformers. It is desirable to obtain such a survey without disconnecting
consumers in order to studying the real network operating modes as well as to avoid undersupply of
energy to them. Of particular relevance is the examination of microgrids containing renewable energy
sources (RES) and distributed generation (DG) (Kharchenko et al., 2019). In this case, it is important to
understand how the parameters of the network operating modes change at different loads and operation
modes of energy sources. This will allow to correctly set up the generating equipment and to choose
equipment for the storage of electricity, protective devices. Thus, the development of a mobile measuring
complex is required, which allows for the examination of microgrids and networks in various operating
modes without disconnecting consumers.

The issue of electrical network surveys is also closely related to the issues of ensuring the quality of
the supplied electrical energy. Issues of improving power quality (PQ) as well as problems associated
with PQ inconsistency time with regulation requirements have been repeatedly considered in the works
of Sudnova et al. (2007), ZHelezko (2002), Kartashev (2001), Vinogradov et al. (2018), Vinogradov et
al. (2019a) and Vinogradov et al. (2019b). However, they did not propose solutions for the creation of
mobile measuring complexes (MIC) for energy audit of electrical networks.

Taking into account the fact that the length of electric networks of voltage class of 0.4 (0.38) kV
across Russia is more than 770 thousand kilometers (Standards PJSC Rosseti, 2017), it is not possible
to equip all power lines of this voltage with systems of continuous monitoring of operating modes in a
short time. This is also the rationale for the development of the MIC since a MIC allows for surveys of a
significant number of electrical networks. In addition, a large number of 10/0.4 of kV power transform-
ers are operated in distribution electrical networks, many of which have already worked out the standard
service life and have excessive no-load losses due to repairs and a long service life (Vinogradov et al.,
2015). Periodic assessment of the level of no-load losses (steel losses) of these transformers will make
it possible to make timely decisions on their replacement in case of excessive losses.

An analysis was made of existing devices and technical solutions that allow energy audit in electrical
networks. The analysis showed that the technical level of the existing energy audit means does not allow
the automatic collection of electrical network parameters at various locations. In addition, the existing
solutions of these means are not mobile enough and are not able, in particular, to analyze the estimate
of electric power losses in 10/0.4 kV power transformers without disconnecting from the load.

Automation of measuring systems allows to minimize the labor costs related to conducting surveys
of electrical networks and significantly simplify the energy auditor work while improving the measure-
ment accuracy. It becomes also possible to obtain a kind of passport of the examined electrical network
due to the reading from the studied electrical network in real time. Technical solutions for creating a
mobile measuring complex for inspecting electrical networks should be able to process data collected
from network control points not only separately, but also as general interconnected information. Existing
devices analyzing the power quality do not fully possess the necessary properties since they are used
for other purposes.
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