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Introduction to Microgrid

It is typically used in remote or isolated regions such as islands, rural villages, or research bases, where grid extension is technically difficult
Advantages:
• Provides full energy autonomy and independence from the central grid.
• Enhances energy security and resilience, particularly during emergencies or natural disasters.
• Enables local use of renewable resources, reducing reliance on imported fossil fuels.
Limitations:
• Requires sufficient energy storage and backup generation to maintain stable operation.
• Higher capital and operational costs due to storage, redundancy, and control systems.
• More complex design and operation to ensure continuous reliability under varying load and renewable generation.

A grid-connected microgrid is physically and electrically connected to the main utility grid, allowing two-way power 
exchange. It can operate in parallel with the main grid, and in some cases switch to islanded mode during outages.
Advantages:
• Ensures stable and reliable power supply with support from the utility grid.
• Reduces storage requirements, as the grid can provide balancing power.
• Allows economic benefits through demand response, energy trading, and ancillary services.
Limitations:
• Vulnerable to grid disturbances and failures, reducing resilience in critical situations.
• Lower energy autonomy compared to fully off-grid systems.
• Integration and regulatory issues can be complex, requiring advanced control and protection coordination.



Introduction to Microgrid

Fig. The topology of AC MG

Fig. The topology of DC MG

An AC microgrid connects distributed generation (PV, wind), storage, 
and loads through a common AC bus.
• It is compatible with today’s existing power systems, since most 

grids and loads are AC.
• Advantages: Easy integration with the utility grid, mature 

technologies, and standard protection schemes.
• Limitations: Requires multiple power conversion stages for 

renewable sources and storage, which increases losses and 
reduces efficiency.

A DC microgrid links distributed resources and storage to a DC bus, 
then connects to AC systems through converters.
• It is particularly suitable for PV, batteries, EVs, and other native DC 

devices.
• Advantages: Higher efficiency due to fewer conversion steps, 

easier integration of renewable energy and storage, and flexible 
architecture for EV charging or data centers.

• Limitations: Lack of standardized protection methods and less 
compatibility with the conventional AC grid.



Introduction to Microgrid

Fig. The topology of hybrid AC/DC MG (AC MG + DC MG)

A hybrid microgrid integrates both AC and DC subsystems through a common coupling bus.

It enables simultaneous operation of AC resources such as wind turbines and traditional loads, and DC 

resources such as PV, batteries, and EV charging stations.

Advantages:

• Maximizes flexibility by allowing both AC and DC 

devices to connect efficiently.

• Improves overall system efficiency by reducing 

unnecessary power conversion.

• Enhances resilience by diversifying energy 

pathways and supporting multiple load types.

Limitations:

• More complex control strategies are required to 

coordinate power flow between AC and DC sides.

• Protection schemes are more challenging because 

of different system characteristics.
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Fig. The topology of CCHP(Combined Cooling, Heating, and Power)-MG

A CCHP microgrid integrates renewable power generation (PV, wind) and energy storage with combined 
thermal energy systems.

This system enables multi-energy supply: power, hot water,
and chilled water, all within one integrated microgrid.

Advantages:

• Significantly improves overall energy efficiency by 

utilizing waste heat from power generation.

• Reduces fuel consumption and emissions.

• Provides greater energy security and flexibility in meeting 

diverse demands.

Limitations:

• More complex design and operation due to the need to 

balance electricity, heat, and cooling simultaneously.

• Requires advanced control strategies and precise system

coordination.



The methodology for optimal operation of MG

Classification of stability analysis methods in MG 

The functions of energy storage systems in MG 
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Case study : EV Charging station with RES + BESS

• By 2025, 1 in 4 passenger cars sold worldwide will be 

electric.

• Some regions show slower EV growth, but automakers 

continue to expand targets.

• Electrification is also advancing in buses, trucks, and 

commercial vehicles.

Electric Vehicle Outlook 2025
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Electric Vehicle Supply Equipment (EVSE)
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• Market value in 2024: USD 39.7 billion

• Global expected CAGR: 24.4% (2025–2034)

• Projected market size in 2034: approximately USD 363.3 billion

Electric Vehicle Charging Station Market Outlook
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Case study : EV Charging station with RES + BESS
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EV Charging station with RES + BESS
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𝐕𝐕𝐆𝐆𝐆𝐆𝐆𝐆𝐆𝐆 EV Charging station

𝐕𝐕𝐆𝐆𝐆𝐆𝐆𝐆𝐆𝐆 ≈ 𝐕𝐕𝐄𝐄𝐄𝐄𝐄𝐄 + ∆𝐕𝐕𝐋𝐋𝐋𝐋𝐋𝐋𝐋𝐋

EV Charging Load

Charging / Discharging of ESS

<Control Objectives>

• Stabilization of voltage

• Increase the net zero of EVCS
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EV Charging Station Operation Algorithm Using Machine Learning
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State Machine based control logic of EV Charging station
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• State-machine based / Control Step Time : 1s / Life signal, Safety
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• ESS with BMS
• PCS (30kW, 40kWh)
• EMS, Server

• Rooftop PV (15kW)

• EV Charger x 3 (7.7kW)

• PHILS : Load
• PHILS : Line impedance
• PHILS : RES + Grid Simulator
• Monitoring system

Open-Platform EVCS
(Electric Vehicle Charging Station)
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Case study : EV Charging station with RES + BESS

• Completion of hybrid EV charging system testbed and 
monitoring room construction

• Test operation with parallel load device, distribution board, 
and PHILS integration

• Development of integrated monitoring system for electrical 
characteristic analysis

• Preparation of testing procedures for hybrid EV charging 
infrastructure

EV charging system simulator (left) / Measurement devices (Dewetron, right) Testing procedures for hybrid EV charging infrastructure
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Case study : EV Charging station with RES + BESS

<Variables>

• �x(k): estimated state

• x0: state at normal state

• u(k): Control input a

• u0(k): Control input at normal state
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Performance evaluation under parameter uncertainties
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Antarctic Inland Microgrid Operation

Panoramic View of Jang Bogo Station(South Korea, Antarctica, opened at February 12, 2014)

Establishment of a renewable energy supply system capable of replacing 30% of fossil fuel generation

at the Antarctic inland base.

Development of optimal power grid operation technology based on

diesel generators + renewable energy + energy storage systems, ensuring robustness and resilience.
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Antarctic Inland Microgrid Operation

Model features (New input data)
x(k) = S(k) T(k) Vmax(k) Vmin(k) f(k) E(k) T

x_test = [0.2, 1200, 215, 225, 59.9, 0]; 
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RES-based Integrated and Control System for Extreme Environments
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Thank you for your attention!

Dae-Jin Kim, Ph.D

Chief(Principal Researcher)
Electric Power System Research Lab.

Korea Institute of Energy Research
djk@kier.re.kr

+82-10-3395-4383
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