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Abstract. The increase in demand for electrical energy is increasing rapidly, 

in line with economic growth. In developing the electricity system, electrical 

energy service providers must provide electrical energy according to demand 

with good quality. The generation of conventional electric energy systems that 

use fossil fuels faces depleting fossil fuel sources, poor efficiency, and 

environmental pollution. This technology is known as Distributed Generation 

(DG). Distributed Generation (DG) or Micro Grid (MG) is a small-scale power 

plant located close to the load. The use of distributed generators can improve 

the entire system's efficiency, reduce transmission losses, reduce pollution, and 

ensure the continuity of the distribution of electrical energy. However, the 

drastic increase in the use of DG causes problems in the form of voltage and 

frequency stability which will be disturbed due to rapid changes in the 

generation and loading rates. If this is left unchecked, it can harm system 

security and reliability. A proper control strategy will restore system stability in 

the event of an imbalance. 

1 Introduction 
R.H. Lassete first developed the concept of the micro electric network (Microgrid) in 2002, 

namely a distributed generation pattern that includes a wide variety of energy sources, 

ranging from fossil energy to renewable energy sources. The micro electricity network is a 

network system of interconnection of various energy sources that is channelled into a 

small network that can operate independently or be connected to the PLN leading network. 

The microgrid can be classified into AC microgrid, DC microgrid, and hybrid AC / DC 

microgrid. DC microgrid is preferred over micro grid AC because of its benefits, namely 

higher reliability, improved input power quality, reduced losses due to the absence of reactive 

power, higher efficiency, simple structure, better performance and efficiency of the DC 

converter. The literature shows that researchers have worked on renewable energy sources, 

such as hydro, solar, wind, tides, biomass, biogas, and geothermal. Among renewable energy 

sources, photovoltaic (PV) and Wind Turbine (WG) systems are the primary sources required 

for energy regulation in the microgrid. This source is also abundant and sustainable The power 

source from PV and WG is stochastic, and the electricity generated is unstable so it cannot be 

relied on because the load requires an output voltage , that 
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matches thestandard load requirements. With the development of semiconductor technology and
power electronic converters, the

Power electronic devices dominate future load devices and power generation units. 
Electronics-based equipment and devices require a DC power source to work, such as computers, 
fluorescent lamps, Variable Speed Drives (VSD), household, business and industrial appliances. 
In addition, the available AC power source is converted into a DC power source to operate this 
electronic device. Almost 30% of the AC power source is generated using this electronic converter 
device, resulting in decreased system efficiency. This problem can be overcome by integrating 
solar energy sources, wind, and storage systems into DC power. In a DC bus system, the power 
conversion efficiency increases by 8% and the savings to about 25%. In addition, setting up a 
renewable energy-based DC microgrid is more economical than the resource-based generation 
method of electricity, which reduces the cost of delivering electrical energy and reduces
environmental pollution by reducing greenhouse emissions.

2 Theoretical Background

2.1 Electrical Power Distribution System

The electric power distribution system was divided into three stages: the generation system, the 
transmission system, and the distribution system. In electric power distribution, the distribution 
system is an essential part of distributing electrical energy to consumers. The electrical energy 
generated by conventional generators requires a transmission and distribution system so that the 
electric power can meet the load requirements. The distribution system is responsible for dividing 
electricity into several load centres through the substation.

2.2 Radial Distribution

The radial distribution system is a distribution system classification based on topology or the 
arrangement of its series. This radial topology is a topology that is generally used in electric power 
distribution systems. This is because the topology is the simplest. The radial distribution system 
is depicted with one PLN utility source drawn forks radially to each load centre. In general, the 
advantage of the radial distribution system is the simplicity of the circuit arrangement, making it 
easier to study the power flow and voltage regulation. In addition, in terms of investment costs, 
radial distribution is relatively cheap. This is due to the use of its few components. The form of 
the arrangement of the radial distribution circuit can be seen in Figure 1.
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Fig. 1. Radial Distribution System Topology.

2.3 Microgrid

A microgrid is defined as part of a distribution network integrated with DG and local loads. 
The Microgrid is designed to supply electric power to an area with a distribution voltage 
level. The Microgrid has its generator, namely DG, which is located close to the load centre. 
The generators used in the Microgrid are generally renewable or non-conventional. 
Microgrids can operate in mode connected to the leading network (PLN) and mode 
disconnected from the leading network. These two modes are also called grid-connected and 
islanding. Here is a typical microgrid configuration:

Fig. 2. Microgrid Configuration.
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2.4 Distributed Generation (DG)

Distributed generation is a small-scale power generation technology that is located scattered near
load centers. Energy sources fromDG can be renewable sources (wind, solar heat, water, biomass) 
or non-renewable sources (diesel, steam, fuel cell). Due to the spread placement ofDG, DG can 
be integrated with the distribution system to meet load requirements. From several studies, DG 
can be concluded that it is not centralized and close to the load, small capacity than 50 MW and 
is connected to the voltage distribution system up to 145 kV. The following table shows the
classification of DG units based on their capacity.

Table 1. DG Classification Based on Generating Capacity.

Classification Capacity Installation
Micro < 2kW Solar Cell
Mini 2kW-10kW Fuel Cell
Small 10kW-1MW Biomass, Mini Hydro

Medium 1MW-5MW Biomass, Hydro, Wind
Turbine, Diesel

Large >5MW Hydro, Solar Thermal, Wind
Farm, Diesel

3 Result and Analysis

3.1 Principles Control of DC Microgrids

Some effective control mechanisms must be devised to guarantee DC Microgrids run 
effectively and reliably. Figure 1 depicts the overall topology of the Microgrid DC system. 
Most importantly, DC Microgrids are made up of numerous parallel converters that may 
operate in various harmonies. This parallel converter local control approach typically consists 
of the following consecutive components: 1) Photovoltaic (PV) and wind turbine (WT) 
modules can occasionally function in maximum power tracking (MPPT), and they may also 
operate to maintain dc bus voltage or current limiting mode. Meanwhile, ESS, which is 
separate from PV and WT, must be viewed as charge status. 2) Not only is converter control 
fall control due to its intrinsic modularity and application convenience, but it can also 
accomplish current coordinates across multiple converters. The converter's resultant drop 
controlled voltage is shown as an equation.

�� = ���� − ���. 	
� (1)

3.2 Multilevel Control of DC Microgrids

Voltage/current regulation, power flow management, and other progressive control functions may 
be accomplished in the microgrid by adequately running the interface power converter with the 
advancement and use of electronic energy devices. As we all know, microgrid control and 
management are multi-functional, including a wide range of technological and physical levels. 
The importance sphere, which includes the difficulties described above, which are multilevel 
control methods [12], [13], has been proposed and widely utilized as the standard solution for
effective Microgrid management. It is made up of three basic control levels, as seen in Figure 3:
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Fig. 3. ControlScheme ofMicrogrid.

The kind of control level may be divided into three components based on the hierarchy above:
the degree of control that can be centralized, decentralized, dispersed, or in a hierarchical form, as 
illustrated in Figure 4. The structure in Figure 4 can be observed to be based on the specification 
of control techniques compile. The hierarchical control structure delegated control functions to 
local and top-level controllers, allowing the system to run more efficiently. The control
structure chosen may vary based on the kind of Microgrid.

Fig. 4. (a) centralized; (b) decentralized; (c) distributed; (d) hierarchical

The exact hierarchy is shown in Figure 3, the way DC Microgrid control can be centralized,
decentralized, distributed, or hierarchically, as shown in Figure 4. In other words, the structure 
depicted in Figure 4 is built on a collection of summarized control mechanisms. In a centralized
arrangement, the central control unit will gather and transmit data to DG. There is no need for a
control center in decentralized and distributed systems.
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3.3 Decentralized Control

As previously stated, decentralized coordination is one of the control approaches used in DC
Microgrids, the working concept of which is depicted in Figure 5. (a). The decentralized
technique may be stated to be capable of coordinating the performance of several parallel
converters in DC Microgrids. DBS, PLS and adaptive adjustment techniques are most widely used
[14], [15]. This method has several advantages, including simplicity of control and not being
affected by digital communication. However, due to the efficacy and dependability of the voltage
sensor, they haveintrinsic performance restrictions.

Fig. 5. Operating Principles Control Strategies.

For DC Microgrids, DBS control can be considered the most effective decentralized
coordination approach. The operation will be more synchronized between the distribution unit and 
the DC Microgrids while this method is used. Figure 6 depicts the DBS principle asa fixed state
modelof a DC microgrid.

Fig. 6. Fixed model of DC Microgrid.

3.4 Centralized Control

Centralized control is a control operation that includes adding a centralized controller to all 
parallel units, with each parallel unit providing the signal required to assure consistency of 
the output signal. That is, centralized control may be accomplished in DC Microgrids by 
using a central controller (CC) and a digital communication network that connects sources 
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and loads. In the case of bigger DC Microgrids, hierarchical control is often the better choice 
because there is a degree of independence between the different levels of control. In addition, 
as compared to centralized control, hierarchical control is more dependable since its function 
continues even if centralized control fails. Overall, a single controller can gather and interpret 
all necessary data, whereas centralized control can provide sophisticated control capabilities.

The use of centralized control is still common today because of its numerous benefits. 
[16] The predictive control strategy model was created for vehicle dynamics and centred on 
the vehicle's autonomous driving.

3.5 Distributed Control

Distributed control refers to distributed units that are linked together by communication links. The 
distribution control concept differs from the central control concept. The central control concept 
does not require a specific digital communication connection and may readily reach the local 
controller communicating independently, as illustrated in Fig. 5. (c). Even if numerous links break, 
the system will continue to work normally [17]. As a result, distributed control can effectively 
handle a single point of failure. Parallel controllers, on the other hand, have a mutual influence on 
each other. That is, they can degrade the system's transient performance. To minimize the mutual 
control impact indicated above, [18] proposes a cascade control structure that employs the power-
sharing control as the inner loop and the bus voltage control as the outer loop.

Overall, it can be argued that distributed control may attain information stability when 
contrasted to centralized control. As a result, system control objectives such as output current 
sharing, voltage recovery, overall system efficiency enhancement, ESS SoC balance, and so on 
may be effectively improved and fulfilled. As a result, distributed control with considerable 
benefits can provide considerably more extensive functionality than decentralized control. 
However, distributed control has significant constraints, including the complexity of performance 
analysis and a non-ideal environment defined by communication time delays and sensor 
measurement inaccuracies.

3.6 Power Flow Analysis and Control

Even though MG systems are often smaller than traditional grids, power flow issues develop when 
generating and consumer locations are dispersed. The Newton-Raphson technique and its 
enhanced variants are still commonly used and have proven helpful for pure or DC networks [19] 
- [21]. The analysis is found in the HVDC system, where the DC network is produced by a voltage 
source converter, resulting in a multiterminal DC transmission system. The power in the DC 
system is estimated and managed based on the terminal voltage and the injection of AC side 
power. Similar approaches, such as virtual impedance/droop control, as shown in Fig. 7, may be 
used in DC Microgrids systems to increase computation accuracy [22], [23].
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Fig. 7. Power Flow Analysis with virtual impedance/droop gain in DC.

4 Conclusion
The Micro-Grid will become increasingly important in the following years, as each system's 
complexity and impact, particularly the control mechanism, will expand. The control approach 
in DC Microgrids was evaluated in this research to guarantee that the system functions 
effectively. We may conclude from the above study that the converter's local control is critical 
to accomplishing system voltage and current regulation and establishing a coordinated control 
approach. Three coordinated control schemes rely on communication between dispersed 
components to make the DC Microgrids intelligent. Control can be decentralized, centralized, 
or distributed. An in-depth examination is provided above. However, DC Microgrids control 
will continue to expand fast in the following years to improve system efficiency and stability. 
This control approach will be further developed in the future.
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