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Abstract: - This paper provides a review of various load sharing strategies used in DC microgrids. DC microgrids usually utilize
parallel connections of DC-DC converters to improve system reliability and flexibility. However, when connecting multiple converters
in parallel in a microgrid, the resistance of the cables becomes a critical factor. Unequal load distribution and inadequate voltage
control result from cable resistance, leading to the generation of circulating current. The equal load sharing can be achieved by active
load sharing and passive load sharing methods. These two broad categories encompass a wide range of control schemes. This paper
provides a comprehensive analysis of active and passive load sharing strategies, highlighting their advantages and disadvantages. Very
Few researchers have explored the influence of cable resistance on load sharing and voltage regulation. Also, the effect of circulating
current on the converter is a relatively unknown factor that must be identified and reduced to the greatest extent possible. This paper
is a valuable resource for future researchers who are interested in studying load sharing and related control techniques
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L. INTRODUCTION

Nowadays, renewable energy offers clean and low-cost Energy derived from sustainable sources such as solar
radiation, wind, geothermal heat, and biomass. The microgrid concept is introduced to use such renewable
resources to generate electricity [1]. The distributed generation (DG) units, also known as small generators, can
function independently in isolated regions, such as rural areas, or be connected to utility grids [2]. The employment
of renewable energy sources in the microgrid serves as an essential component for the development of future energy
networks, offering sustainable and resilient solutions to meet long-term energy requirements [3].

The microgrids are classified as alternating current (AC), direct current (DC), and hybrid microgrids. The
microgrids operating and supplying AC power into the integrated utility system are termed an AC microgrids.
Integration of AC microgrids is easy with the existing power grids without the requirement of any specific control
approach [4]. However, AC microgrids encounter various challenges. For instance, the distributed generators must
be synchronized and there are issues related to the flow of reactive power, harmonic currents, and energy
imbalances in three-phase systems [5]. The AC microgrid faces a significant disadvantage in synchronizing with
the main grid, as it requires to match frequency, phase angle, and voltage magnitude with the main grid [6].
Therefore, the power quality standards for an AC microgrid are stringent. Also, AC grid-connected rectifiers have
significant losses due to device conduction losses [2]. Hybrid microgrids are composed of both AC microgrids and
DC microgrids. Hybrid microgrids address issues associated with both AC and DC microgrids. Nevertheless, setup,
supervision, and control of hybrid microgrids are complicated and expensive [7].

Hence, the concept of a DC microgrid emerged because the majority of Distributed Energy Resources produce
DC power and there is an increasing utilization of contemporary DC loads. The rapid development of renewable
energy sources and DC microgrids offers many applications, including commercial and residential buildings, zero-
net-energy buildings, renewable parks, industrial applications, data centers, telecommunications, electric vehicles
and charging stations, ship networks, railways, etc. [8],[9]. Figure 1 illustrates the common structure of a DC
microgrid [10]. The DC microgrid offers numerous advantages compared to the AC microgrid [11],[12]. Most
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renewable energy sources generate DC power that can be connected to the DC grid without a rectifier. DC
microgrids have no reactive power control or frequency regulation, no grid synchronization issues, no inrush
current due to transformer absence, low converter conversion losses, and no skin effect. Thus, Future DC
microgrids can improve grid efficiency, reliability, and cost optimization.

However, certain challenges need to be addressed in DC microgrids. These include effective interconnection
schemes between DGs and the DC grid, ensuring proper voltage regulation, achieving equal load sharing,
circulating current, implementing maximum power point tracking, protection issues, and grounding issues [13]. In
a DC microgrid, the renewable energy sources can be connected separately. Usually, the interfacing converters are
connected in parallel [14]. In the parallel configuration of converters, equal load sharing among the converters and
voltage regulation has been a key issue.
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Fig. 1: The common structure of a DC microgrid

This paper aims to provide a review on various load sharing strategies available in the scientific literature for a
DC microgrid. Considering the control strategy, the problem of load sharing can be minimized by active load
sharing method and passive load sharing method [15], [16]. Active load sharing is effective for load sharing and
voltage restoration but requires a high-bandwidth communication link and is not flexible or modular. As microgrids
and distributed generators increase, a higher-bandwidth link is needed. Droop control has a lower load sharing
capacity but doesn't require a communication link and doesn't affect system modularity [17].

II. REVIEW METHODOLOGY

Wherever The DC microgrid integrates distributed generation and electrical loads using DC/DC converters
[13]. Operating converters in parallel enhances system reliability and flexibility [18]. Simultaneously, it also
presents challenges with distributing the load among converters [19], [20]. Load sharing is the process of
distributing electric current among multiple sources to achieve a more balanced and efficient use of energy supplies.
When converters operate in parallel, it is crucial for each converter to share the load according to its ratings. Failure
to do so can result in the flow of circulating current between converters. This leads to the overloading of one
converter and the underloading of another. Regrettably, this results in additional losses, heat generation, larger size,
and higher ratings of converters [21]. Thus, it is strongly advised to evenly share the load current among all the
converters in the DC microgrid. Furthermore, it is crucial to guarantee that the load voltage stays within precise
boundaries, usually within a tolerance of +5% [22].

To mitigate the load sharing error, the control methods can be categorized into two primary classifications:
active load sharing and passive load sharing [ 14]. Passive load sharing is also known as droop control. Load sharing
and Voltage regulation are the primary control of the hierarchical control strategy which can be performed with
communication or without communication links [23]. Figure 2 represents various load sharing strategies used in
DC microgrid.
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Fig. 2: Various load sharing strategies used in DC microgrid

Communication encounters challenges such as delays in transmitting information, loss of data, and cost-related
concerns. It negatively impacts system scalability, reliability, flexibility, modularity, and expandability. By
utilizing no communication methods with decentralized control techniques, one can effectively mitigate the
drawbacks associated with communication [24]. They provide benefits like easy implementation, and affordability,
as well as modularity, flexibility, expandability, and reliability.

A. Active load sharing methods:

The most common active load-sharing methods consist of master-slave control, centralized control, average
current sharing method, and circular chain control [25], [26].

a) Master-slave control:

The Master-Slave control strategy involves selecting one converter as the master control module with the
responsibility of establishing the DC bus voltage. Subsequently, the remaining converters are configured as slave
converters functioning with current control mode. One module is voltage control, which guarantees effective
regulation of voltage. Another module is current control, which allows for equal distribution of current among the
converters [27]. Figure 3 demonstrates the block diagram of master-slave control.
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Fig. 3: block diagram of master-slave control
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The transmission of signals requires communication network with high bandwidth, resulting in the system's lack
of reliability. The master-slave control is specifically used in small-scale microgrids, such as electric aircraft, DC
server systems, ships etc. [28].

b) Centralized control:

Reference [29] presents a novel two-level control scheme designed to achieve precise load sharing and suitable
voltage regulation in islanded DC microgrid. The proposed scheme utilizes a P-V droop method in primary control to
guarantee precise load sharing among Distributed Energy Resources (DERs). And the centralized secondary control
aims to eliminate voltage deviation and maintain the constant voltage. The paper introduces a new control strategy
for isolated DC microgrids in buildings as described in [30]. This strategy effectively eliminates voltage fluctuations
in the DC bus caused by unpredictable disturbances in the system. Figure 4 demonstrates the block diagram of
centralized control. Centralized control requires a high-bandwidth communication network to communicate
secondary control with a central controller.

Central Controller

s 4+ x
7, :

Fig. 4: block diagram of centralized control

c) Average load sharing control:

The article [31] presents the average current sharing (ACS) scheme. The ACS scheme configuration calculates
the current as the mean of all current values. The droop gain multiplies it into a voltage signal and connects it to the
positive input of the operational amplifier. As a result of the connection between the current sharing bus and each
signal conditioner through resistor, and bus will exhibit an average voltage. By selecting appropriate impedances for
the operational amplifier, it is possible to eliminate the droop voltage drop. Thereby output voltage can be restored.
Nevertheless, it is susceptible to noise in long-distance scenarios. Hence, the digital current sharing scheme (DACS)
is implemented. The functionality of DACS is closely tied to the communication network. Average current control is
a method that operates by comparing the average current of the inductor to the desired set current.

d) Circular chain control (3C):

The circular chain control method was previously proposed to improve the system's reliability and resilience. This
method created a control ring by extracting the current reference of one module from another. Figure 5 represents the
example of circular chain control. To form a ring, the current reference of the first unit is derived from the last unit.
The system's circular communication structure enhances its fault detection and isolation capability [25].
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Fig. 5: Circular chain control
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B. Passive load sharing methods:

As stated earlier, the majority of the load sharing methods in paralleled DC/DC converters depend on high-
bandwidth communication networks. Nevertheless, in DC microgrids, the integration of Distributed Energy Resources
(DERs) and loads to the point of common coupling (PCC) could make it unfeasible or costly to employ a high-capacity
communication network, primarily due to concerns regarding data dependability and investment costs. Therefore,
droop control method has gained significant attention [32].

a) Traditional droop control:

The Droop control is extensively utilized in the parallel operation of power modules, as well as in AC and DC
microgrids [33]. Previously, In the domain of analog circuit design and control, droop control was regarded as an
adaptive voltage positioning (AVP) technique [32]. An important benefit of droop control is its capacity to achieve
load sharing among parallel converters without requiring dedicated communication links. This allows the
implementation of decentralized system control.

In widely used voltage-current droop (V-1 droop) method, each converter adjusts its output voltage in response to
variations in output current. Therefore, it is possible to achieve load sharing in a steady state.

To
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Fig. 6: The general structure of droop control technique

Figure 6 illustrates the general structure of droop control technique. The Proportional Integral (PI) controllers are
used to regulate the voltages on the Common DC bus and the converter current. The external voltage controller
compares the output voltage value to the desired reference value and sends a reference current value to the internal
current control. The inner control mechanism compares the reference value to the inductor current and produces
signals accordingly. The PWM block then compares these signals and sends on-off signals to the converter switch. A
traditional droop-controlled system employs a constant droop gain over the entire DC-terminal voltage range.

The droop gain values have a substantial impact on the stability of the microgrid, the accuracy of voltage
regulation, and the precision of load sharing. The primary drawbacks of traditional droop control are enumerated in
[14], [34], [35]. A traditional droop control system has a predetermined and unchanging droop value. It does not
consider the load dynamics that can result in failure following a significant or rapid change in load. The system's
inability to initiate a black start-up after a collapse necessitates the implementation of specific measures for restoring
the system.

e Tade-off in traditional droop control technique:

According to the block diagram in figure 6, the DC bus voltage can be calculated using equation (1).

Vaci = Veer — Loi Rai (D

Where, Vg is DC bus voltage, V,.r is the no load or reference voltage, I,; is the output current and Ry; is the
droop resistance of ith converter. Hence, based on the provided equation, it is evident that increasing the droop value
will result in a linear decrease or deviation of the output voltage caused by the droop resistance. Figure 7 demonstrates
that when the current value is low, the terminal voltage is close to the no-load voltage (V,). However, as the current
being drawn from the load increases, the voltage at the terminal decreases linearly. The small droop value provides
excellent voltage regulation but lacks sufficient load sharing capability. If one selects a large droop value, load sharing
will be favorable, but voltage regulation will be subpar. Hence, there is always a trade-off between load sharing
accuracy and voltage regulation in traditional droop technique. Additionally, the cable resistance is also crucial in
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droop control. Every cable linking the converter to the common bus terminal possesses a distinct cable resistance. The
cable resistance is also regarded as being connected in series with the droop resistance. Thus, the resistance of the
cable not only reduces the output voltage according to equation 2, but also increases the load sharing error (Ierror).

Voi = Vrer — Ioi Rai = Toi Rai (2)
The ratio of current drawn by each converter can be given as:
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Fig. 7: Impact of droop resistance(a) and line resistance (b) on voltage regulation and load sharing [36]

b) Non-linear droop control:

In [37], A novel current-limiting droop controller is proposed for paralleled DC-DC boost converters in a DC
microgrid. The controller ensures that each converter has an inherent current-limiting property, regardless of the
load type or magnitude variations. It provides accurate power sharing, tight voltage regulation, and closed-loop
stability for multiple paralleled boost converters with a current limit. In the nonlinear droop method [38], the
authors analyze cable resistance impact and propose a nonlinear droop method that increases droop resistance with
converter output current, preserving traditional droop control advantages. It evaluates and compares second-order
droop functions.

— Non-linear droop curve
= Linear droop curve

Voltage

Current ———»

Fig. 8: formation of non-linear droop curve [37]

In [39], different non-linear droop control methods are proposed for smart grid to improve load sharing accuracy
and voltage regulation in DC microgrid. These methods are High Droop Gain (HDG), Polynomial Droop Curve
(PDC), and Polynomial Droop Curve with Voltage Compensation (PDCVC). These decentralized methods require
only local information, making them easy to implement and improving system reliability. Performance analysis
clearly illustrates the superiority of these methods compared to traditional approaches in various operating
conditions. Nevertheless, there is still a compromise between maintaining stable voltage and achieving equal
distribution of current. Inadequate regulation under light load conditions is seen in the method, Incorrect selection

of the droop curve may lead to stability issues.
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¢ N™ order non-linear droop control:

In [40], The research paper examines the design of non-linear droop curve for DC distribution. The method
mainly focuses on load sharing, voltage regulation, efficiency, and stability of the system. It presents a generic
polynomial expression to unify droop equations, analyzes the impact of droop constant on efficiency, and models
converter output impedance for stability. The analysis verified that nonlinear droop is fully distributed and requires
local information. A higher-order polynomial exhibits superior performance under heavy load conditions. The
unresolved problem between load sharing and voltage regulation persists, and the matter of circulating current has
yet to be tackled.

d) Inverse droop control:

In [41],[42], the research work introduces a decentralized inverse-droop control method for input-series-output-
parallel DC/DC converters, aimed at enhancing the system's modularity, reliability, and flexibility. The control
achieves power sharing, and output voltage regulation, and is stable despite input voltage variations. As shown in
Figure 9, the proposed inverse-droop mechanism causes the output voltage reference to increase as the load
becomes more substantial.
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Fig. 9: Inverse-droop control concept (a), and Inverse droop curve (b) [40]

In the inverse droop control methods, positive feedback may produce an unstable system and less output
voltage accuracy. So cannot be used where précised voltage regulation is required.

e) Piecewise droop control:

In [43],[44],[45], using piecewise droop control, the droop curves are divided into small segments. Once
the load surpasses a specific limit, the system initiates the utilization of a greater droop resistance. Figure 10
illustrates how this approach employs different inclinations to minimize the load sharing error resulting from
voltage measurement inaccuracies.

Fig. 10: Piece-wise droop curve [44]
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In [46], the General piecewise droop is introduced. In this paper, different piecewise droop control methods
have been implemented for DC microgrid. These strategies allow for the design of systems with a large number
of possible configurations, as well as load sharing in a way that adapts to changing conditions. This is
accomplished by creating droop curves that vary in a segmented manner according to the load regions. In the
Piecewise droop control method, the switching between different modes is abrupt. Power converters may
experience abrupt changes in output resistance, which can result in unwanted transients and oscillations.

The aforementioned study discovered that nonlinear droop exhibited superior performance compared to
traditional droop control technique. Nevertheless, they neglected to take into account the influence of droop
control on the efficiency of the system [47]. According to [48], the implementation of nonlinear droop control
allows for the optimization of the droop gain. This is achieved by increasing the gain at heavy loads and
decreasing it at lighter load conditions. Nonlinear controllers, however, introduce nonlinearity into the control
system.

P Adaptive droop control:

Various adaptive droop control methods suggest the use of an adjustable droop coefficient instead of a
fixed droop coefficient, which is typically used in traditional droop control technique. Paper [21] proposes an
adaptive droop control algorithm and a distributed secondary controller to improve load sharing accuracy. it
suppresses the circulating current and ensures accurate load sharing. It uses mathematical calculations to
estimate line resistances and adjust droop parameters.

In paper [49], The proportional droop index (PDI) algorithm is used with droop shifting to improve load
sharing performance in low-voltage DC microgrid. This method calculates adaptive virtual resistance, and
reduces the trade-off between load sharing and voltage deviation. In contrast with the above droop index
control, a new droop index method has been observed in [50], which includes variation in input parameters.
This method has a good response with variations in supply voltage, variation in load, and variation in line
resistance.

In [51], a methodology is proposed to estimate the resistance of a line. This involves increasing the voltage
reference by an amount equal to the voltage drop caused by the line resistance. As a result, load sharing is
equalized and voltage regulation is improved. This method operates independently of a communication
network and relies solely on local parameters.

n [52], the proposed control technique has used MOSFET as a switching device which gives a faster
response. Circulating current, power loss is reduced and voltage regulation is improved by this method. Paper
[53] proposes an adaptive droop controller that addresses the limitations of traditional droop control. The
controller uses primary load sharing loops to adjust droop parameters. The algorithm is tested for variation in
input parameters and loading conditions, showing good performance compared to traditional control.
Furthermore, the secondary loop adjusts the droop lines to effectively eliminate any deviation in the bus
voltage. In [54], a research paper proposes a dual reference-based control strategy and virtual resistance-based
droop technique for improved load sharing and voltage regulation.

The adaptive droop control method is characterized by its enhanced flexibility and applicability, as well as
its ability to minimize voltage deviations and load sharing errors [48]. The problem of circulating current is
also solved to a great extent using many adaptive droop control methods.

2) Frequency droop control:

In [55], The paper suggests an adaptive droop controller that utilizes superimposed frequency to enhance
load sharing accuracy and voltage regulation, without the need for additional communication systems. The
secondary controller autonomously calculates and offsets the decrease in voltage caused by the droop
controller. This method faces three main issues: instability in load variation due to dominant pole location,
system loading limitations because of reactive power transfer, and poor voltage quality from AC voltage
injection. To address the above issues, an adaptive Voltage Coupling Gain (AVCG) and Adaptive Amplitude
of the Injected AC Voltage (AAIV) are introduced in [56]. These two methods stabilize and improve the
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loading condition of a DC microgrid, while also enhancing system voltage quality by limiting AC voltage
amplitude. However, the frequency injection method introduces a ripple in output.

h) Mode adaptive droop control (MADC):

In [57] The study proposes a mode adaptive droop control strategy that includes PV, wind, and energy
storage systems. This strategy uses a hysteresis feature to switch between voltage control by the Renewable
Energy Source and the Battery Energy Storage in the islanded microgrid. all the grid components are working
either in droop control mode or constant power mode, Mode I corresponds to the utility's droop control mode,
while mode II represents energy storage units in droop control mode, and mode III corresponds to DG units in
droop control mode.

Table 1 demonstrates the overview of different active load sharing strategies and Table 2 demonstrates the

III. OVERVIEW OF VARIOUS LOAD SHARING STRATEGIES

overview of different passive load sharing strategies.

Table 1. Comparison of different active load sharing strategies.

Is the
Active load circulating
sharing Features Disadvantages current
strategies problem
examined?
. It needs a high bandwidth communication
Master control is used for . .
Master-slave . network, which leads to the unreliability of
voltage regulation and
control . the system.
slave is used for current . . . No
[27] sharing It applies to small-scale microgrids only
’ Limitation of scalability and flexibility.
e A high-bandwidth communication network is
lized d required.
Ahcentra. 1ze seco(ril 1W The secondary controller produces a time delay
s¢ em-e 1S proposed fot which affects the system stability.
resolving voltage . ..
. . Require an  additional  controller and
Centralized deviations caused by the .. .. .
i communication network, resulting in an increased
control primary controller. total cost of the system No
[29], [30] Additionally, load sharing . 4 " .
. . Affected from single-point failure.
is accomplished through o
. Low reliability.
the primary controller. .
poor plug-and-play capability.
limitation in scalability.
The current is determined With the growing complexity of the power system
by calculating the mean of and loads, it became evident that average current
all current values. This control also has its limitations, including
Average load means current is then restrictions on switching frequency [25].
sharing control | transformed into a voltage For long-distance applications, the common bus No
[31] signal and subsequently carrying analog signals may be susceptible to
amplified by the droop noise. DACS needs communication which
gain. created the problem of data latency and data drop.
This method establishes a . L
It needs continuous communication between
. . control loop by
Circular chain . converters.
transferring the current
control (3C) It may cause the problem of data latency and data No
[25] reference between d
different modules. Top-
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Is the
Passive load circulating
sharing Features Disadvantages current
strategies problem
examined?
Poor transient performance.
With droop control, load sharing Poor performance during large or fast load
- amon aralleled power sources changes.
Traditional E P . . P . & . .. . .
droop control becomes possible without the need for Difficulty in achieving precise load sharing No
(32].[33] dedicated communication links. This among the converters caused by uncertainties in
’ allows for decentralized and reliable output impedance.
system control. Not suitable for nonlinear loads as it fails to
consider harmonic currents.
. . . Under light load conditions, it demonstrates
. The droop resistance varies with the .
Non-linear , . excellent voltage regulation. However, when
converter's output current, and its value . .
droop . , subjected to heavy loads, the voltage regulation Yes
rises as the converter's output current .
[371,[38],[39] | . tends to be inadequate.
increases. . ) , . .
The impact of line resistance is not eliminated.
Nth-order . . .
nonlinear It offers a generic polynomial Tarde-off between voltage regulation and
droon control expression to simplify different droop voltage regulation is still present. No
I[) 40] equations, thus reducing the influence Only m = 1, large n, n=5 gives batter
of sensors and cables. performance at heavy load.
The inverse droop control increases system
Inverse . complexity and nonlineari articularly in
The voltage reference increases as the plexity . . P . y
droop control . large systems. A negative droop means it is an No
load increases. .
[411,[42] inverse droop that suffers from a problem of
stability due to positive feedback.
The transition between different modes is
sudden.
Power converters can sometimes experience
Piecewise | In Piecewise droop control, the droop unexpected transients and oscillations due to
droop control | curves are splatted into small segments. sudden changes in output resistance.
[43], The system adjusts its droop resistance There are still issues with load sharing at light Yes
[44],[45] when the load exceeds a certain load and voltage regulation at heavy load.
threshold value. Dividing the segments into smaller sections can
result in more accurate design and improved
control performance, although it may make the
design process more complex.
Complex calculations are required for the
Adaptive adjustment of the droop parameter.
droop control | The mathematical equations are used to Sometimes it needs a secondary controller for Yes
[21],[49] calculate droop resistances. voltage restoration.
So, secondary controllers need extra
communication lines.
A frequency injection method introduces a
An AC voltage is injected into the main ripple in output.
Frequency . e . .
droop control DC system. The frequency of the instability in load variation due to dominant No
[(551.[56] injected voltage is proportional to the pole location, system loading limitations due to
’ output of the corresponding converter. reactive power transfer, and poor voltage
quality due to AC voltage injection.
Mode L Lo . . .
adantive Droop control is utilized for adjusting It is designed based on the assumption that all
droo I:: ontrol voltage ranges in the utility grid and DERs measure equal bus voltages, neglecting No
?57] DERs. the voltage drops caused by the line resistances.

1758



J. Electrical Systems 20-7s (2024): 1749-

IV. CONCLUSION

This paper provides through review of various load sharing strategies used in DC microgrid. The cited
literature mainly employs active or passive load sharing strategies. Both strategies have their advantages and
disadvantages. Active load sharing strategies have good load sharing accuracy and voltage regulation.
However, these strategies either require an additional component, increase the number of devices, or require
high-bandwidth communication links so that each converter is aware of the state of the others. Communication
diminishes the reliability and flexibility of the system. Microgrid plug-and-play becomes less common as
communication lines grow longer. Some methods employ Low-bandwidth Communication networks, which
results in data dependency, latency, and system delay.

Based on current research on droop control in DC microgrids, it has been found that most enhanced droop
controls are primarily designed to address load sharing, while only a few of them can effectively handle both
load sharing and voltage regulation at the primary level. Increasing secondary control can compensate for the
voltage drop induced by droop control. Once more, it adds complexity to the control design. Nonlinear droop
exhibits strong current sharing capabilities, especially under high load conditions, but its voltage regulation is
inadequate.

Circulating current can occur even with minor voltage fluctuations in the converter output. Most of the
work focuses on improving voltage regulation and load sharing. Few efforts are made to reduce the circulating
current. The majority of DC microgrids use adaptive droop to reduce the amount of circulating current.

Several additional studies have been carried out to control the voltage of the DC bus and ensure proper
distribution of the load, considering factors such as load fluctuations and cable resistance. However, input
variables like input voltage and current from the source side have not been taken into consideration. This
demonstrates that certain methods do not consider fluctuations in input voltage and only focus on changes in
the load.

Many of the methods described above are based on a single-load DC microgrid. Their application in
microgrids with multiple loads at different locations has not been considered. Coordination of DGs for voltage
regulation and current sharing in multi-load microgrids is challenging. When loads are distributed across
multiple locations, distribution line impedances are likely to be unequal, affecting load voltage, current, and
power regardless of source number or type. Source and load connections are determined by power demand,
load, and distributed generation locations, as well as distance. Different line impedances, configurations, and
spreading locations cause voltage differences between loads. A proper compensation method is required to
precisely regulate the voltage and distribute current among distributed generations.
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