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Abstract.

The future of power system is 'Smart Grid' for which microgrids are the building blocks.
Renewable energy sources, such as solar, wind and various distributed generation (DG)
units, and as well various energy storage systems (ESS) are encouraged to integrate with
grid. Since they incorporate the benefits of AC and DC distribution networks and which do
not entail any unnecessary changes to the distribution network, which emerge hybrid
microgrids as a promising solution. They need more complex control techniques, though,
since they must handle the alternating current and direct current networks at the same time
as well as interface the power converters. This paper examines power management
strategies in grid-connected and grid-disconnected operational modes in hybrid microgrids
with renewable energy sources.
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unidirectional/bidirectional power flow, Distributed Energy Resources, Energy Storage
Systems.

1. INTRODUCTION

The definition of micro-grids with classification schemes, including controllable loads in
addition with energy storage systems, are found in several literature, for instance in [1] —
[4]. Microgrids are operated in a dependently when connected to grid and independently
when isolated from grid.

There are three microgrid structures available: AC microgrid, DC microgrid, and hybrid
microgrid [5], [6]. While AC system is the most prevalent configuration of micro-grids,
there has been a lot of interest in DC micro-grids because of some advantages, such as the
lack of the requirement for reactive power or synchronisation, also the growing number of
electric vehicles, smart DC devices and DC loads that are available. The hybrid micro-
grid, on the other hand, combines the greatest features of both designs. A hybrid microgrid
is a design that merges a greater number of separate AC microgrids and DC microgrids
using bidirectional power electronics interlinking converters (ICs). Here, ICs provide



power management with neighbouring AC-DC microgrids. The DC microgrid is connected
to the main utility grid by voltage source or back-to-back converters [7], [8] and it is
adjacent to AC subgrids via bidirectional ICs. The IC serves as the foundation for hybrid
microgrid management and control. IC is largely accountable for the efficient regulation of
transmission of power between the AC microgrids and DC microgrids. The IC controller
may also be set to function in island mode to guarantee identical loading of the AC
microgrid and DC microgrid based on their capacity, minimum load peeling and renewable
power reduction in the hybrid microgrid as a whole in addition appropriate reserve and
loadability buffer intended for the overloaded microgrid.

Advanced hybrid microgrids can also balance renewable energy demand, plan resource
dispatch, and maintain system dependability. It is also capable of controlling the inter
connection and interactivity of complicated distributed generation arrangement, demand
response, storage as well controlled loads, and energy management systems [9]— [13]. The
operation of hybrid micro-grids comprises secure and suitable power management
strategies, mostly based on droop control, to govern load contribution between AC and DC
sources.

The layout of the paper is divided as follows: Section two is a concise description of the
hybrid microgrid definition, here the key characteristics as well as related control and
operation issues are stated. In section three, challenges and research findings are discussed.

2. HYBRID MICROGRID CONTROL

An AC microgrid and a DC microgrid, as well as an interface between the two power
converters that regulates power flow connecting these microgrids and the main grid
comprise hybrid microgrids. The AC microgrid mostly have AC dispersed energy
resources (DERs) and AC loads in the hybrid structure, whereas the DC microgrid
primarily consists of DC dispersed energy resources and DC loads [7]. Every extra energy
generated in a DC microgrid is normally stored in storage systems, such as batteries.
Simultaneously, excess energy generated in the AC subgrid can be stored in AC ESSs such
as flywheels. In Fig. 1, A typical hybrid microgrid arrangement is shown as both AC
microgrid and DC microgrids connected through interlinking bidirectional converters to
the utility grid [14].

The hybrid AC-DC microgrid's topologies and power management strategies are discussed
in [15]- [17]. The hybrid AC-DC microgrid plan and design representation is suggested in
[18], [19], which can evaluate the dispersed energy capability, and study the effect of the
load ratio of AC-DC. Here, in aforementioned literatures, however, the work is focused on
the single optimization problem of AC-DC hybrid microgrids, except there is a short of
efficient coordinated optimization idea in terms of economics, dependability, and other
difficulties.

The organized approach that administers all such devices connected to the network is one
of the mainly distinguishing types that distinguish microgrids from traditional distribution
networks. Because microgrids are distributed, this strategy is crucial for effective
management [20].
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Figure 2.1. A Typical Hybrid AC-DC microgrid

Microgrids may function in both grid-tied and grid isolated operational modes, allowing
for the effective integration of Dispersed Energy Resources (DER).

The microgrid control structures have following major roles [21]-[28]

e Microgrid synchronization with utility grid;

e  Power transfer between the microgrid and utility grid;

e Active and reactive power management of microgrid at different operating
modes;

e Smooth transition among different modes of operation of microgrid —i.e., grid-
connected to isolated mode or island mode to grid-tied.

e  Proper coordination between DER and load;

These requirements have different definitions and time scales, and thus require a
hierarchical management system to handle each requirement in a different hierarchy of
management. There are three level of hierarchical power management policy, namely
primary, secondary, and global/tertiary controls.

2.1 Primary Control

The primary control is a self-regulating main/local control approach which permits each
DG unit to function separately. It is essential to offer unique active and reactive power
contribution regulations for DERs in the existence of both linear and nonlinear loads.
Furthermore, power sharing regulation limits the circulation of undesirable currents. This
main level of control consists of simple control circuitry, sometimes referred to as zero-
level, that contains DERSs' internal voltage as well current control loops. In the literature
primary management strategies implemented are namely grid-feeding and grid-forming as
expressed in [29], [30]. While some research on main control mechanisms is available, it
typically focuses on AC microgrids or DC microgrids [4], [31]. In this case, grid-forming
as well grid-following management approaches are being examined for execution [32].



2.1.2  Grid-following control

To be grid-connected, the microgrid must adhere to the network's distribution
requirements. Local control, which comprises fundamental control hardware such as DG
inner voltage as well current control loops, keeps DGs stable by sensing and adjusting
local signals. It is essential to supply autonomous active and reactive power contribution
management for DGs/RESs in addition to limit undesirable circulating currents using the
accessible current, voltage, and frequency feedback signals. While in grid-tied operation
mode, the main grid sets the voltage as well frequency of microgrid, so that local DER
device controllers generally function in current-control mode to take out maximum power
as feasible from energy resources [4].

2.1.2  Grid-forming control

In the case of any aberrant operation or situation affects the grid, the microgrid should be
unplugged and switched to grid-isolated operating mode. During these situations, DG and
ESS systems must maintain balance of active and reactive power of the microgrid's AC
and DC networks. In this case main control provides reference inputs to the voltage and
current control loops of DERs referred as zero-level control. To accomplish zero-level
control, PQ or voltage control modes are typically employed [31]. Depending on the
needs, several DG units may operate to regulate voltage of the network, i.e., in grid-
forming mode, and the remaining will remain in the grid-following mode [4].

2.1.2.1 Single Grid-Forming Unit

In the case of just one grid-forming unit availability in an isolated mode of microgrid, such
unit stays with simpler voltage control with a predetermined reference voltage. Numerous
grid-forming machines with the same specified reference voltage cannot be connected to a
single distribution network. This will cause circulating currents, synchronisation problems,
and inconsistencies in power contribution. Hereafter, all other units must be grid-
following. The grid-forming unit will entirely remain dependable on power balance of the
network [5].

2.1.2.2 Multiple Grid-Forming Units

If numerous dispatchable DG units are supplied into a microgrid, electricity must be
swapped, for example, based on unit ratings. As a result, synchronisation is required for
hybrid microgrid networks in such a way to assure voltage and frequency stability when
performing balanced power sharing [4].

The droop control method is often utilised for main control in islanded microgrids. Droop
control imitates traditional grid control in microgrids based on the well-known droop
controllers of Q/V and P/f with many grid-forming DG interface converters, and did an
exhaustive analysis of grid-forming control schemes [33].

2.2 Secondary control

In the case of secondary control, a communication-based approach for similar construction
of DGs, provides power sharing by adjusting for voltage and frequency fluctuations
induced by local control operation and load fluctuation. This type of control is meant to
have a weak dynamics response than the main, that explains the decoupled dynamics of the
primary and secondary control loops and simplifies their respective plans [4]. Secondary
controls, also known as second layer control loops, help inner control loops by minimising



steady-state defects and increasing power quality inside MGs. They work closely with both
local and central command units. In grid-tied mode, all DGs and inverters in microgrids
utilize grid electrical signals as references for voltage and frequency regulation. The DGs,
however, lose the main grid's reference signal when operating in the islanding mode. In
this circumstance, they could collaborate to handle a simultaneous operation using
single/multimaster operation approaches. Some of the secondary controls necessary to
improve the performance of parallel operations for DGs are also included (or inverters).
Many control systems for successful similar operation of DGs/inverters are known in the
literature, including current or power sharing, master or slave, and generalised frequency
and voltage droop control strategies [30].

Secondary control techniques are classified as either centralised or decentralised. In
centralised techniques, the microgrid is administered by a tertiary control level as the
microgrid central controller or MGCC [20], [25], [34]. In grid-tied mode, the secondary
centralised control compensates for change in frequency and voltage in main control levels
using the reference supplied by the higher tertiary level. In contrast, after an islanding
process occurs, these references are generated internally [22]. The authors suggest a
centralised secondary control mechanism for both hybrid microgrid networks.

Power management duties in generating and storage units are recalled in non-centralized
control schemes. This suggests that they are included into the local controller rather than
the MGCC, so that bypassing the communication network with higher-level control
mechanisms [35]. The fundamental benefit of these control systems is that if a problem
increase, the remaining part of the microgrid may continue to function normally after the
malfunctioning unit is unplugged. Because it provides a simpler communication network
with plug-and-play device connections, the non-centralized control method is considered
as an interesting choice for microgrid integration at the power distribution level [20], [34],
[35].

2.3 Tertiary control

Topmost degree of power management of numerous linked MGs and communicating
needs with the utility grid is tertiary control. The tertiary control system, for example,
might include coordination capabilities for active/reactive power control of a grid
comprised of the utility grid and interconnected MGs [22]. In grid connected mode, the
power transfer between the microgrid and the utility grid may be adjusted by varying the
amplitude and frequency of DERs voltages. Tertiary control is the highest level of
management coordination for the operation of many connected MGs and communicating
demands with the utility grid. For example, the tertiary control system might incorporate
coordination capabilities for active/reactive power control of a grid comprised of the utility
grid and linked MGs [36]. In contrast, from a tertiary control standpoint, the MG may be
programmed to cooperate with the distribution network as a dispatchable and constant
impedance load.

Tertiary level control is concerned with aspects of an MG's overall responsibilities, such as
power transfer between the utility grid in addition/or other linked MGs. In general, the
most important tertiary control objectives are generation schedule optimization, improved
overall system management and dispatch services, energy disparity correction, and
spinning reserve function. MGs can also be coordinated with the MGCC to provide
various ancillary services aimed at improving the utility grid's performance [4].
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Figure 2.2: Hierarchical microgrid control structure

Furthermore, by including ESSs into the MG, these services might be expanded even
further. In this circumstance, tertiary management will give functionalities like effective
reserve capability extension, largely peak shaving, frequency regulation, backup of
determined electrical islands, and increased control of day-by-day renewable energy cycles
[37].

3. CHALLENGES ASSOCIATED WITH HYBRID MICROGRID

Microgrid protection and control systems must overcome operational problems in order to
maintain adequate levels of dependability and take out possible benefits from DER. Some
of the issues originate from incorrect assumptions, which might lead to system instability.
When it comes to replicating power system control within a microgrid, the majority of the
problems originate from the traditional distribution and transmission systems that still exist
in today's power networks. The following are some of the microgrid control challenges
[38]-[40]:

o Bidirectional power flows: The existing power system, as well as the distribution
feeders that go with it, are built for unidirectional power flow. In such system use of DG
units in low voltage networks is projected to necessitate bidirectional power flow, with
customers acting as prosumers. If existing feeder systems are maintained during
availability of DG units in distribution networks, complications like as reverse power flow,



unexpected power flow patterns, imbalanced voltage levels, and fault current flow may
occur.

. Low inertia: Solar modules and fuel cells like renewable energy sources have no
inertia, while others, such as wind turbines, have a low inertia. In contrast to huge power
systems with thousands of synchronous generators assuring high inertia, these power
electronic based DG units in microgrids have low inertia characteristics. In spite of the fact
that power electronics-based DG units have higher dynamic performance; their low-inertia
features may cause frequency variations in the islanded operation mode if proper
administration mechanisms are not implemented.

. Stability issues: Because of the interaction between the different control dynamics
of the DG units, local oscillation may develop. A comprehensive small signal and transient
stability study is also required for a smooth transition between microgrid grid-connected
and isolated mode of operation.

o System modelling: In a typical power system at the transmission level,
assumptions such as a low X/R ratio, balanced three-phase condition, and steady power
loads might be assumed valid. However, when considering a microgrid with low voltage
distribution networks, these assumptions are incorrect. As a result, new modelling is
necessary.

. Cyber-physical security: Because prosumers and DG units are scattered,
controllers must connect through communication networks. Malware and data theft are
both threats to cyber networks. Cyber-physical security is becoming increasingly essential
as the number of microgrids and their related controllers grows.

. Uncertainty: The most renewable DG units are linked with uncertainty,
intermittency, non-linearity, and unpredictability. To enable effective and consistent
microgrid operation, specific levels of coordination across multiple DG units are
necessary. Especially in the isolated mode of microgrids, where maintaining generation-
consumption balance is more difficult owing to the high incidence of component failures
and the unpredictability associated with load profile and weather prediction. Due to the
presence of strongly correlated output fluctuations of available energy sources, known as
the restricted averaging effect, the unpredictability rate in a microgrid is actually higher
than in a big power system.

4. CONCLUSION

The review focused on current work on hybrid microgrid integrated with renewable energy
sources. The primary problem, especially for those operating in the islanded mode, is
power management and control strategy. This is mostly owing to the microgrid's necessity
to control voltage, frequency, and power delivery in addition to power supply. In the
literature, many methodologies for analysing power-sharing possibilities for AC and DC
microgrids have been given. The authors highlight three major study areas: hybrid
microgrid convergence, system control, and distribution network modelling. This research
investigated power management strategies in hybrid microgrids, as well as the benefits,
difficulties, and solutions interfaces together AC microgrids and DC microgrids. Such
systems' unidirectional/bidirectional power flow capabilities, as well as changes in
frequency and methods, were explored.
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