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ABSTRACT: This paper provides a comprehensive analysis of the variations in power flows in electrical
networks connected to distributed generation sources and their impact on network stability. Load dynamics, time-
dependent changes in generation capacity, network topology reconfiguration, and high line R/X ratios are
considered the main factors influencing power flow formation. Mathematical models representing active and
reactive power balance are applied to evaluate voltage stability, loss reduction, and processes related to changes
in power flow direction. The integration of distributed generation is found to reduce voltage drops, improve
network efficiency, and decrease dependence on central power sources. At the same time, challenges such as
reverse power flow, relay-protection system adjustments, and power quality issues are identified. Overall, the
proper integration of distributed generation into the network plays a crucial role in enhancing the reliability and
efficiency of electricity supply.
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I. INTRODUCTION

Studying the variations of power flows in electrical networks connected with distributed generation sources is an
important process for improving network performance and maintaining power quality. Power flows can change
for various reasons, including load fluctuations, inherent irregularities in the operation of generation sources, and
interactions among network elements. Moreover, these changes in power flows can affect network stability, cause
energy losses, and lead to technical malfunctions. Therefore, analyzing and monitoring these power flows is
essential for effective management and optimization of power distribution. In this process, mathematical models
and real-time monitoring serve as the primary tools.

In distribution networks, lines have a high ratio of active and reactive impedance, and active power flow
significantly affects voltage drops and losses. When distributed generation is connected to such a network, even
a small amount of power can noticeably change the voltage. For example, in a long section with a high load and
no local generation, a voltage drop is observed at the end of the line; adding distributed generation there reduces
this drop. However, the presence of automatic voltage regulators, compensators, and other equipment in the
network is also a factor that determines the impact of distributed generation, as connecting distributed generation
alters their operation. For instance, if line current decreases due to local generation, the automatic transformer
regulator will increase the voltage less than usual, which may result in insufficient voltage for distant consumers.
Moreover, connecting distributed generation forces changes in the settings of protection relays and automatic
circuit breakers. In general, the impact of distributed generation on the network depends on its capacity, location,
type, and network characteristics, as noted in various studies. Therefore, these factors must be considered when
integrating distributed generation into the network.

II. OBJECT

When distributed generation sources operate in the network, the time-dependent variations of power flows occur
according to different conditions. The main scenarios can be conditionally classified into the following types:

Load variation: Temporary changes in network load directly affect power flows. For example, in the evening
hours, when consumer demand increases, the output of local generation may remain relatively low (in the case of
solar photovoltaic plants, production stops at sunset). In this situation, the main power of the network flows from
the high-voltage side (substation) to the consumers as usual. On the other hand, during the daytime, when the load
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is low and generation (for example, a solar photovoltaic plant on a sunny day) is high, the demand for power flow
through the network decreases.

In cases where a decrease in load is compensated by excess local generation, the surplus power may flow back to
higher voltage levels, causing changes in the direction of power flow within network sections. Therefore, during
periods of light load, power flow may reverse direction, while during peak load periods, it may return to a
unidirectional flow. When analyzing the network, it is necessary to separately consider the most severe scenario
(maximum load, minimum generation) and the lightest scenario (minimum load, maximum generation), as these
two extreme cases result in the greatest differences in voltage levels and current distribution.

The following mathematical models are used to perform these analyses. They take into account multiple variables
simultaneously, including the time of day and night, generation capacity, load dynamics, line parameters,

transformer status, reactive power compensation, and others.
Ng

Pi(V, 6) = Vi z Vj[Gi]'COS (81 - 8])] + Bl] sin(Si - 8]) - Pdi + Pgi =0
j=1

In this case V; - i- voltage amplitude at the bus, §; - phase, Gj;, Bjj, - elements of the admittance matrix, Pgi- load
power, Pgi - generation power.
Secondly, the reactive power balance is determined by the following equation:

Np

Qi(V, 8) = Vlz \/][G”Sln (81 - 6])] + Bl] COS((Si - 8]) - Qdi + Qgi =0
j=1

This equation models the distribution of reactive power, providing the ability to maintain voltage stability and
properly manage compensation devices.

Topology Change (Network Reconfiguration): Changes in the network topology can occur in a power system due
to faults or for operational control purposes—for example, when a line or transformer is temporarily disconnected
and the network is supplied through an alternative route, or in a looped network when sectionalizing switches are
opened or closed to reconfigure the system. When the network topology changes, the paths of power flows are
altered, and the loads on certain network sections are redistributed. For instance, if a section is disconnected due
to a fault, the loads in that section may be locally supplied by distributed generation sources in neighboring
sections. Alternatively, when reconnecting the network to balance the loads, part of the power flow may be
redirected to another line. As a result, the load decreases on some lines, increases on others, and overall losses
change. Thus, reconfiguring the network allows for managing power flows and potentially reducing losses.
Topology change scenarios also include reconnecting the network according to load requirements and post-fault
restoration processes.

In distributed generation sources such as solar photovoltaic (PV) plants or wind turbines, the variability of power
is often mathematically modeled using a time-dependent function for power output (P). Based on this, formulas
are applied to calculate the power flow at the bus.

The active power calculation equation through the time-dependent variation of generation is defined as:

Pyi (1) = Pyax - f(D)

In this case Pyg; (t) — 1- generator’s power over time, kW, Pmax — generator’s maximum power,
kW, f(t) — time-dependent normalized output function, 0<f(t)<I.

III. KEY FINDINGS AND ENERGY CONSERVATION OPPORTUNITIES

Power flow direction: In a centralized electricity supply system, electric power is usually transmitted in one
direction—from the high-voltage level (transmission network) to the low-voltage level (distribution network) and
then to consumers. Distributed generation, however, is significant because it can make power flows
bidirectional—power can now move not only from the substation to the load but also from the load back toward
the substation. As mentioned earlier, if distributed generation produces more power than the local load consumes,
the excess energy flows backward to the higher-voltage network through neighboring lines and substation
transformers. This phenomenon is referred to as reverse power flow.

For example, during sunny periods, photovoltaic (PV) sources in a small village network may generate more
power than the local consumption, and this excess energy can flow back to the substation in the district center,
from where it is directed to other consumers in the area. Changes in the direction of power flow also affect the
network’s relay protection system—traditional protection devices operate based on the direction of current, and
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power arriving from both directions may cause them to operate incorrectly. For this reason, in networks with
widespread distributed generation, protection and automatic control systems need to be reviewed and adjusted.

IV. METHODOLOGY

The daily variation of power flow is illustrated in Figure 1 through the graphs of the network’s total load, total
solar generation, and the power transmitted through the central substation. From this graph, it is clearly seen how
the power balance and the direction of flow in the network change at different times of the day.
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Figure 1. Graphs of the network load, solar generation, and power transmitted through the central
substation.

As a result of integrating distributed generation into the network, power flow patterns acquire

a new quality. The positive aspects include: local generation supports voltage levels, reduces voltage drops for
distant consumers, decreases losses, and reduces the need to supply power to long network sections. For example,
after adding distributed generation, load drops in the lines decreased by 16%, and the network’s dependence on
the central source was reduced — meaning that less power is drawn from the central network due to the contribution
of local sources. This, in turn, increases the overall efficiency of the network, lowers peak loads, and improves
supply reliability.

V. CONCLUSION

According to the research results, the integration of distributed generation sources into electrical networks
significantly affects power flow variations, impacting network stability, voltage conditions, and energy losses.
Load dynamics, variability in generation output, and changes in network topology are the primary factors shaping
both the direction and magnitude of power flows. Local generation reduces voltage drops, alleviates line loads,
and increases overall energy efficiency. At the same time, reverse power flows, the need to readjust relay
protection systems, and certain power quality issues may arise. Overall, the proper integration of distributed
generation into the network plays a crucial role in ensuring a stable, efficient, and reliable electricity supply.
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