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Abstract- The rapid expansion of green energy resources (RER) into
existing electrical networks necessitates an evolved approach to voltage
distribution. This study explores the challenges and solutions associated
with integrating green energy into high and low voltage distribution systems
(HVDS and LVDS). The research evaluates various protection schemes for
dynamic fault currents, voltage control systems for mitigating power quality
issues, and optimal planning strategies for distributed generation. Innovative
methodologies for integrating solar and wind energy, such as centralized-
decentralized control approaches and demand response mechanisms, are
proposed. The study demonstrates, through MATLAB simulations, that
HVDS configurations significantly improve system efficiency and reduce
technical losses compared to LVDS, particularly when interfacing with
green energy sources.
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1 Introduction

Green energy sources like wind and solar power promise to meet future electricity demands.
Usually, they are integrated at distribution utilities or run in an island mode, which has an
impact on network layouts and failure levels. Because failure stages in renewable integrated
power systems are intermittent and set circumstances might cause existing protection
schemes to fail, it is imperative that an appropriate protection scheme be designed and chosen
for dependable management and operation .For power networks with dynamic fault currents,
bulk renewable infeed forces adaptation of current protection techniques to account for
current fault change, necessitating either reactive and inflexible relay schemes. Thus the
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study conducted in [1] evaluates protection schemes, its benefits and drawbacks, and also
highlights the range of cutting-edge methods for green integrative energy networks, that
encompass distribution, transmission, and island systems .While variable renewable or green
energy, such as solar and wind energy, are essential for decolonization, their growing
proportion in power networks presents risks that might compromise system stability .In order
to improve transparency, solve problems related to green energy, rank cost-effective
solutions, and find organizations that might reduce obstacles, [2] classifies different
technologies according to their potential .Distribution network planning is changing as a
result of distributed generation's quick expansion, but poor integration might present both
technical and financial difficulties. Power quality, voltage stability, reducing power loss,
dependability, and profitability all depend on optimal planning. The study in [3] examines
traditional and meta heuristic approaches to optimum distributed generation planning, with a
particular emphasis on analytical techniques for power system modelling and numerical
approach assurance, as well as metaheuristic algorithms for adaptability .Distributed
generation resources are increasingly appealing to power companies as a consequence of
advancements in renewable energy technologies and modifications of their infrastructures.
Although their applicability is restricted by regulatory and technological limitations,
planners, regulators, and legislators profit from them. Research on line-loss reduction,
reliability enhancement, economic benefits, and environmental pollutant optimization—
among the technical, environmental, and financial rewards associated with renewable energy
integration [4]. It also examines operational issues and the current state of renewable energy
production technology.

2 Integration of Green Energy with electrical networks

When integrating green energy sources (GES) into traditional electrical networks, this study
explores control solutions for minimizing regulation of voltage issues. It draws attention to
the technological difficulties in preventing renewable distribution generators from expanding
too far within the network .The study conducted in [5] assesses voltage control systems for
distribution networks that include more renewable distributed energy sources. The technical
obstacles of integrating green energy into the grid include harmonics generated by power
electronic equipment used in renewable energy generation, which have an important impact
on power quality, and swings in voltage and frequency caused by unpredictable un
predictability. With an emphasis on windmills and photovoltaic solar panels, [6] examines
new power quality issues in the combination of alternative power sources. It also examines
current techniques for enhancing power quality, emphasizing control technology-based
enhancement, and suggests future lines of inquiry.

Power quality and dependability may be improved by distributed generating units, but proper
location is essential. In order to incorporate scattered generation, optimizing instruments have
been created and current research is concentrating on these methods .Recent optimization
techniques for scaling distributed generating units powered by renewable energy sources are
covered in [7]. It examines the obstacles of integrating dispersed production and the factors
that influence them, including economic, technological in nature, ecological, and regulatory
variables. In an effort to investigate novel hybrid approaches, the research additionally
addresses Pro-Con lists and popular heuristic methods for optimization .Demand response
(DR), which is promising and economical for boosting smart grids and exploiting resources
that are flexible, may be used to alleviate over- and under-voltage problems in low-voltage
distribution networks with significant PV and EV generation. The work introduced in [§]
presents a hierarchical control structure for a number of sub-CEMSs and an integrated
community energy management system (CEMS) in order to employ FR-based two-stage
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strategies for voltage regulation. The models reduce voltage violations, customer power
prices, and on-load tap changer tap operations. They have been demonstrated in an actual
distribution network in Japan.Global solar energy production has increased, making
photovoltaic penetration a noteworthy renewable energy source. But for a smooth integration
into the power system, it poses problems including harmonics, voltage fluctuation, voltage
increase, and voltage balancing. The work in [9] provides important insights on PV
penetration for academics and utility designers by examining islands concerns, remote and
local approaches, and their benefits and drawbacks. By examining the shortcomings of
conventional reactive power compensation techniques in PV imbalance scenarios, the
research in [10-13] hopes to further access the integration of green and renewable solar
energy resources into power networks by highlighting the necessity for an electrical
sensitivity look at to thoroughly analyse these problems. To address the issues with
controlling voltage caused on by Solar imbalance, a novel combination centralized-
decentralized approach is created [14]. By scheduling the inverter's reactive power response
to fluctuations in PV power adaptively, it prevents inter-phase Voltage-Reactive Power
interaction. validated using Australian low-voltage distribution systems that are in operation
and time-series models .By incorporating additional solar power plants into distribution
networks and ensuring voltage regulation within permitted bounds, the suggested approach
helps to reduce carbon dioxide emissions in the future [15].

3 Applications of Green Energy in Power Generation

With an emphasis on the increasing use of green energy sources and generation uncertainty
in power systems, [16] examines the historical evolution of power system adaptability as well
as its features, sources, and assessment criteria. Climate change, green energy applications,
and environmentally friendly energy systems are responsible for the sharp increase in
renewable energy resources and the sharp decrease in fossil fuels [17-20]. Nuclear fusion and
synthetic photosynthesis are two important objectives for batteries to store energy as they aid
in the switch to renewable energy sources [21].As they absorb light and convert it into
chemical energy, plants help us shift from using fossil fuels to alternative power sources. For
locations with temperatures below freezing, thermal solar devices and systems for storing
heat and energy are also practical options [22].1t could be done to have a 100% sustainable
grid in a number of nations, including Canada, Iceland, Norway, Coats Rice, Uruguay, and
Brazil. Although they are an inexpensive, clean power source, hydro power plants are
constrained by topography and variations in precipitation in the surrounding environment
[23].Globally, significant hydro power sites have been established; but, in order to attain
100% renewable grids, less expensive variable renewable energy (RE) sources such as
windmills and solar power systems are needed [24].Significant rooftop photovoltaic
generation, sometimes with 40-year design lives, was deployed in electricity distribution
networks within the last five years. Power electronic options for controlling voltage profiles
in networks with significant solar power installation are the main topic covered in [25]. Using
a focus on topological options and converter selection, this study investigates converter
options, including finish converters with significant storage of energy at a DC bus, reduced
store scenarios, or storage-free gadgets such grid converters .Distribution networks should
be modified to minimize outages, pursuant to the best contingency assessment approach,
which also incorporates wind power generation and an ordinary storage of energy system
[26-30].
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4 Proposed Methodology

Operational losses are higher in low-voltage (LV) distribution systems (DS) because they
employ several loads from an enormous power transformer, prolonged low tension lines, and
a total of four wires. In LVDS, high current leads to substantial losses [31]. Heat dispersion,
magnetizing losses, losses-based on resistivity and energy-metering device losses are
examples of technical losses. In a software named SIMULINK, part of MATLAB,
applications, LVDS and high-voltage (HVDS) are implemented, and comparative evaluation
is carried out at loading locations [32].
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Fig. 1: Modelling of HVDS system on software

A MATLAB simulation of a HVDS with relatively-small electrical transformers rated at 65
KVA is shown in Fig. 1. After reaching the loading sites, the high tension lines drop down
to the requisite 230-Volt phase to ground voltages for load effectiveness. To lower

distribution losses, enhance supply performance, and minimize tampering with electricity,
HVDS are used [33-37].

HVDS uses insulation based aerial bunched cables (ABC) instead of lower-tension (LT)
wires to minimize energy tampering issue and illegal-wiring based connections. This
increases authorized connections, decreases errors, while also rendering direct tapping more
difficult, all of which increase dependability. In order to distribute electricity near to load
locations, the system redefines pre-existing LV-networks into HVDS, each individual feeder
splitting into an independent one. Durability along with quality concerns are also taken into
consideration while integrating energy from green sources [38].

5 Result and Discussion

The scope of investigating of how loading reflects on electrical power networks has
increased. In this case, hybrid green energy systems supply additional power to the network
[39]. In this case, the transformed function of the phase voltage is computed in order to assess
the power waveform and ascertain the degree of distortion. Long before mass transformers
were used in LVDS, research was conducted on the power transmission bus. The buses prior
to the micro converters in the case of a HVDS were selected for analysis.
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Fig. 2: Voltage at transmission line for HVDS with the green energy

According to Fig.2, integrating green energy into an 11kV HVDS involves the use of
inverters to transform the renewable energy source's output to match the 11kV AC required
for the distribution network [40]. This allows for the direct supply of green energy to the grid,
reducing transmission losses and supporting distributed generation.
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Fig. 3: Voltage at transmission line by FFT transform for HVDS using green energy

Fig. 3 will help in identifying the harmonic content added by way of inverters used for
connecting green energy resources to the AC grid, and making sure that the voltage remains
in the desired quality standards, by detecting and mitigating any deviations from the essential
50/60 Hz frequency, depending on the local grid standard.
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Fig. 4: The harmonic distortion in voltage of transmission line for HVDS with the green energy.
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Inverters and converters, which are critical for integrating renewable energy sources into the
grid, Fig.5 can introduce harmonic currents that distort the voltage waveform. Acceptable
THD levels for distribution systems are typically below 5% as per IEEE standards, ensuring
efficient operation and minimizing adverse effects on both the grid and connected equipment.

=

Fig. 5: Voltage at transmission line for LVDS with the green energy resources

According to Fig. 5, when incorporating green energy resources into an LVDS, the voltage
from renewable sources would be stepped down using transformers to match the lower
distribution voltage levels suitable for local distribution usually 240V to 480V in many
countries for residential and light commercial use.
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Fig. 6: Voltage at transmission line by FFT transform for LVDS using green energy

Power quality may be monitored with the use of an FFT analysis of an 11kV transmission
line for a LVDS employing renewable energy sources. Fig. 6 determines the voltage's
frequency components, including its harmonic content, which is essential for controlling
harmonics and fluctuating voltages in renewable energy sources like wind and solar power.
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Fig. 7: The harmonic distortion for LVDS using green energy sources
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HVDS are more efficient than the transmission and distribution systems, according to study,
even in this situation whenever the networks are made up of different green energy resources.
The total harmonic distortion of system reflects both the voltage being applied and the loads.
The HV system's distortion in the voltage waveform was found to be 1.08 percent less than
the LV system's 2.78 percent distortion.

Table 1: Comparative analysis of LVDS and HVDS systems in terms of improvement

Research  factors for  the | Factors at | Factors at the | Identifying the

comparative evaluation LVDS HVDS Improvement

Total harmonic distortion of | 3.54 % 1.89% Decreased by

voltage at the load line 1.64

Highest Value of  voltage | 215.7V 2184V 2.7V retrieved

recuperated

Total harmonic distortion of | 3.74 % 1.69% Reduced by 1.63

current at the load line

Magnitude of current available at | 2.615 A 275 A Minimized current

the terminal loss

Active Power presented (Watts) 625 W 6453 W 2.2 % upsurge in
power

Reactive Power 0 Var 0 Var -

Impact of loading on 11KV line in | 2.78% 1.08% Decreased by 1.79

terms of THD% in voltage

The waveforms of currents and voltages were found to become less distorted when generating
electricity to a great extent employing a HVDS for specific dimensions of time. However,
when employing a bulk transmitter and then continuing to drive loads at one particular
location, the waveforms became more distorted but certain failures occurred as the spacing
here between transmitter and the supply elevated. The distortions were made worse by a
number of green power loading factors. The final obtained values are listed in Table 1.
Whenever the HV line is virtually extended to the maximum load of the customer, line losses
are decreased.

6 Conclusion

The integration of green energy resources into distribution networks presents both challenges
and opportunities. Our study's comparative analysis reveals that HVDS configurations, with
their smaller transformers and aerial bunched cables, offer substantial advantages over LVDS
in terms of efficiency and reliability when connected to renewable sources. The FFT analyses
confirm that appropriate inverter technologies can effectively manage harmonic distortions,
maintaining power quality within IEEE standards. The innovative voltage regulation
strategies proposed not only enhance the stability and sustainability of the power grid but
also pave the way for a more extensive adoption of renewable energy. In conclusion, this
research contributes a robust framework for the integration of RER into the power grid,
promoting a sustainable energy transition with significant technical, environmental, and

economic benefits.
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