

  Optimal Operation of Microgrids Considering Auto-Configuration Function Using Multiagent System




Optimal Operation of Microgrids Considering Auto-Configuration Function Using Multiagent System







Energies 2017, 10(10), 1484; doi:10.3390/en10101484




Article



Optimal Operation of Microgrids Considering Auto-Configuration Function Using Multiagent System



Van-Hai Bui 1, Akhtar Hussain 1 and Hak-Man Kim 1,2,*





1



Department of Electrical Engineering, Incheon National University, 12-1 Songdo-dong, Yeonsu-gu, Incheon 406840, Korea






2



Research Institute for Northeast Asian Super Grid, Incheon National University, 12-1 Songdo-dong, Yeonsu-gu, Incheon 406840, Korea









*



Correspondence: Tel.: +82-32-835-8769; Fax: +82-32-835-0773







Received: 7 September 2017 / Accepted: 22 September 2017 / Published: 25 September 2017



Abstract:



Monitoring the status of existing devices and identification of newly added devices is required in microgrids to adjust the operation schedule followed by any event or integration of a new device. Therefore, in this paper, automatic reconfiguration of microgrids is considered after the addition of a new device or change in the operation status of an existing device by using a multiagent system. This capability of the microgrid is named as auto-configuration function, which is performed by the auto-configurator agent. In case of addition of a new device, the auto-configurator agent is responsible for authorization and registration of the newly added device. In case of change in status of any existing device, the status information is updated. After integration of a new device or change in status of an existing device, re-optimization is carried out by the energy management system (EMS) agent. Agent communication language (ACL) is used to develop a modified contract net protocol (MCNP) for communication among different agents. EMS agent and auto-configurator agent exchange information for economic rescheduling of the microgrid components. Simulation results have shown that the proposed method can be used for optimal operation of microgrids when the configuration changes due to the addition/removal of a device.
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1. Introduction


Due to the growing energy demand and environmental protection issues, distributed energy resources (DERs), such as renewable distributed generators (RDGs), battery energy storage systems (BESSs), and controllable distributed generators (CDGs), are becoming the major considerations for the modern power industry. The fossil fuel based distributed generators, i.e., CDGs are not able to supply all the connected loads and are also damaging the environment. In order to solve this problem, renewable energy sources (RESs) based power plants should be installed more and more across the globe. Among all available RESs, wind turbines (WTs) and photovoltaics (PVs) are gaining interest as clean and renewable power sources. However, due to the uncertainties of WTs and PVs, there are many issues, which should be considered when these RESs are interconnected to the grid. These issues include the maximum power point tracking (MPPT) control [1], reducing the power fluctuations [2], voltage imbalance, fault current limit, power quality, and stability issues [3,4,5]. To address these issues, microgrids (MGs) have been developed as a small-scale power system with high penetration of RESs under various control techniques.



MGs are one of the most effective ways to integrate these different characteristic energy sources into a system to interface with the conventional utility grid [6,7,8]. An MG system can operate safely and efficiently in either grid-connected mode or islanded mode [9]. In grid-connected mode, the MG system can import/export electric power from/to the utility grid. In islanded mode, the balance between power supply and power demand is maintained by its resources and by performing load shedding in case of having shortage power [10,11]. From the viewpoint of MG energy management, minimizing operation cost and enhancing the system reliability are major challenges. Integration of new devices and disconnection of existing devices can alter the configuration of microgrids and can potentially influence both operation cost and system reliability. In order to optimally schedule power resources and optimize the amount of power to be exchanged with the power grid, different energy management systems (EMSs) are introduced by [12,13] to maintain the balance of power supply and power demand in the MG system. Two fundamentally different frameworks have been investigated for the design of such an EMS, i.e., distributed management based on local controllers and centralized management based on a centralized controller [14,15].



The MG systems are usually comprised of many types of equipment, which includes CDGs, RDGs, and BESSs along with different information interfaces [16]. Moreover, due to the influence of uncertain factors such as intermittent fluctuations in renewable energy sources (RESs) and faults [17,18], these equipment may connect/disconnect to/from the MG system. In these cases, EMSs could not automatically update the device characteristics, or adjust operation algorithms to adapt to new operation mode [16,19]. Therefore, EMS having the capability of auto-configuration is required to optimally reschedule the available resources. This re-configuration followed by rescheduling can adjust the operation schedule of MG components for achieving both minimal operation cost and enhanced system reliability.



In order to solve the above-mentioned problem, the authors in [20] have summarized and introduced various agent-based control methods to operate the MG system in effective ways. An intelligent energy management have been developed to control an independent MG system based on multiagent system (MAS) [21]. The proposed algorithm has been designed to optimize the extraction of the maximum power from RDGs and life time of ESS units. A distributed control method using the MAS technology has been developed for MG control [22]. This approach presented an algorithm based on the symmetrical assignment problem to optimize power exchange between the supply units and the local demands, as well the utility grid. The authors in [23] have developed a power management strategy, where each module in the system is in the distributed control and can be plugged and unplugged into the system without affecting the system performance. To achieve the autonomous control of the MG, the plug and play power electronics interface for DER has been proposed as a solution to support device self-identification and system resources assignment [24]. A decentralized control architecture, where the primary controller of each distributed generator unit (DGU) can be designed in a plug and play fashion, allowing the seamless addition of new DGUs [25]. For distributed diesel generator (DG) units and ESS units, the droop control that can autonomously share power among different DGs and energy storage units is introduced to realize plug and play control of a dc MG [26]. Modeling of distributed generators has been proposed to demonstrate how local controllers of distributed generators supervisory control located in distribution management systems can communicate with each other [27].



However, most of the researches available in the literature for plug and play function are only focused on the effect analysis of DERs on the control of the MG system with a communication system while the operation cost of the MG system is also becoming a major consideration. Moreover, the behaviors of EMS with considering faults for plug and play is not considered. In MG system, many type of faults have been investigated and analyzed, for instance unsymmetrical faults [4], MG distribution ground faults [5]. These faults may pose many challengers for MG operation, such as out of service of DERs, unbalancing between supply and demand [28,29].



In this paper, an auto-configuration function is proposed for automatic reconfiguration of MGs after the addition of a new device or change in the operation status of an existing device by using a MAS. An operation algorithm based on the auto-configuration function of an MG is proposed for registration/deregistration whenever a new device connects to the MG system or an existing device disconnects from the MG system. Moreover, a centralized EMS is also developed based on the proposed algorithm for optimal operation cost of the MG system. In the proposed model, the main process of auto-configuration is comprised of authorization, registration, and update to identify equipment whenever an event occurs. Moreover, by applying the proposed algorithm, MGs can work well while changing the operation mode between grid-connected mode and islanded mode. The simulation results show that the MG system can automatically update the system information and adjust the schedules for all the participating components followed by any changing in the configuration of the MG system. The MG system can be operated in a cost-effective way in both grid-connected and islanded modes.



The remainder of this paper is structured as follows. In Section 2, the configuration of MG and a state diagram of MG operation mode are presented. Section 3 presents the definition of the auto-configuration function, the communication protocol, and the main operation algorithm of EMS. A mixed integer linear program based-mathematical model is shown in Section 4. The simulation results are analyzed in Section 5. Section 6 concludes this paper.




2. System Model


2.1. Microgrid System Configuration


The configuration of a typical MG is shown in Figure 1. As shown in the configuration, the MG system is composed of several units, such as CDGs (diesel generators), RDGs (photovoltaics, wind turbines), ESSs (batteries, flywheels), and loads. MG can buy/sell electric power from/to the utility grid in the grid-connected or can operate with only its local resources in the islanded mode. The EMS is responsible for economic operation of the MG. In addition to the EMS, an auto-configurator is also introduced in this study. The role of the auto-configurator is to register and authenticate any new device and inform the EMS when the device is ready to use. The EMS reschedules its resources whenever integration of a new device is reported by the auto-configurator or operation status of an existing device is changed.


Figure 1. Microgrid system configuration.
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2.2. State Diagram for Microgrid Operation Modes


The Figure 2 shows the state diagram of MG operation considering the available/unavailable devices and the utility grid. In normal operation, the MG system is operated in the grid-connected mode to exchange power with the utility grid. The number of the available/unavailable devices is updated every time according to the status of all devices in the MG system. In case of faults, the MG is switched to the islanded mode. Similarly, the number of the available/unavailable devices is updated every time according to the status of all devices in this operation mode. The number of available devices along with their parameters is informed to the EMS for scheduling. Whenever the utility grid is available, the MG is switched to the grid-connected mode as soon as possible to optimize the operation cost and reduce load shedding amount during peak load intervals.


Figure 2. The state diagram of microgrid operation.
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3. Auto-Configuration Function


3.1. Definition of Auto-Configuration Function


The auto-configuration function is defined as the capability of the MG system to automatically configure itself followed by any change in the system configuration. The devices can describe their capabilities to the auto-configurator agent and specify their services for monitoring and control. The auto-configuration function was developed taking into account the following sub-functions:

	
Plug and play of smart appliances in smart house/building



	
Registration/deregistration of devices owned by the MG operator



	
Registration/deregistration of a home/building energy management system








The flowchart of the auto-configuration function of an MG is shown in Figure 3. The main process of auto-configuration is includes authorization, registration/deregistration, and updating. Whenever devices are registered/deregistered, the information is sent to the EMS for rescheduling the operation of all the participating components.


Figure 3. Main sub-functions of auto-configuration.
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The processes for sub-functions of the auto-configuration are represented in Figure 4. In these processes, the communication between the device agents and the auto-configurator agent has been shown in detail for authorization, registration, and updating.


Figure 4. Flowchart of the sub-functions of auto-configuration.
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3.2. Sniffer Diagram for Adding/Removing devices


Figure 5 and Figure 6 show the sequence of data exchange among agents at the occurrence time of events, such as the change in the operation mode of MG or the change in the equipment status. The foundation for intelligent physical agents (FIPA) ACL is used for all messages in the proposed processing. Firstly, in order to register with the auto-configurator agent, each new device agent informs its address to the auto-configurator agent. A request message is sent to all the new device agents for authorization. Each device agent sends the device description to the auto-configurator agent for authorization and waits for registration request. Whenever the auto-configuration checks all the information of the new device agents, the requests for final registration are sent to all the device agents. The device agent informs its information for registration and waits a response message. Finally, all the information of the new devices is sent to the EMS agent after finishing the registration process. The EMS performs optimization and informs the optimal results to all the participating agents.


Figure 5. Sniffer diagram for adding new devices.
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Figure 6. Sniffer diagram for disconnecting a device.
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Similarly, whenever the auto-configurator agent receives the information of disconnection from a device agent. Confirmation for deregistration is requested by the auto-configurator agent. After receiving a confirmation, the auto-configurator agent performs deregistration and informs to EMS with updated information of the devices. Finally, EMS agent performs optimization and informs the new schedules to all the participating agents.



The communication between all the agents is realized through ACL by using a modified contract net protocol (MCNP) [10,15,30].




3.3. Operation Algorithm for EMS


Figure 7 represents the operation algorithm for energy management system. Firstly, the EMS receives the information of all available equipment and the utility grid from the auto-configurator agent as inputs for optimization problem. In case of the grid-connected mode, EMS performs optimization to minimize the operation cost with these available equipment and decides the amount of power exchange with the utility grid. The optimization results are informed to all the participating components at the end of the processing. Whenever auto-configurator agent informs the updated information of the number of registered/deregistered equipment along with their parameters, the EMS updates the information and rescheduling with the updating information. When the utility grid is unavailable, the MG system is changed to the islanded mode. In this mode, EMS performs optimization without the amount of exchange power with the utility grid. Whenever the local supply cannot fulfil the demand, the load shedding scheme should be considered to maintain the power balance in the MG system. In order to operate the MG system in an economical way, the information of the registered/deregistered equipment is also updated and is sent to the EMS by auto-configurator agent. The operation of all participating equipment is rescheduled and updated by EMS.


Figure 7. The proposed operation algorithm for EMS.
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4. Mathematical Models


The main objective aims to minimize the total operation cost of the MG, as given by Equation (1). The first term of (1) contains generation cost, shut-down cost, and start-up cost of DG units. The second term contains the paying for importing power from the utility grid and the profit gained by exporting electricity to the utility grid. The penalty for load shedding in the islanded mode is represented in last term of the objective function:
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(8)






[image: ]



(9)







Constraint (3) guarantees that the power outputs of each DG unit is within the generation capacities. The start-up and shut-down status are decided based on the mode of DG units, as given in (5)–(6). Constraints (7)–(8) represent the ramp up and ramp down limits.
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(11)
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(12)
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(13)
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(14)







Constraint (9) is power balance equation which ensures that the sum of power generated by DG units, BESS unit, and the power exchange with the utility grid (in grid-connected mode) matches the total load consumption. In the islanded mode, the power balance is maintained by using its own resources. In case of having shortage power, the mismatch power between supply and consumption is fulfilled by performing load shedding. The power outputs of DG units and BESS units are control variables, while the RDG units are non-dispatchable. The power of BESS unit can be positive (discharging), negative (charging), or zero (idle). The power exchanged with the utility grid can be positive (selling power), negative (buying power), or zero. The power losses is sum of the BESS charging/discharging loss and line loss. The BESS charging/discharging loss is considerded as shown in (10)–(12) while the active power line loss can be calculated by using the following equation:
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(15)




where Imn is the current magnitude flowing through the line between two buses m and n in the MG system [31]. MG is localized and small-scale power system and the length of line cable is short. Therefore, the resistance of the MG cable between two buses m and n (Rmn) is very small and the power line losses is neglectable in the MG system [21,31]. Therefor, power losses of lines are not considered in this study.



Constraints (10)–(11) present the charging and discharging limits of a BESS unit according to the value of SOC. Constraint (12) represents the SOC of a BESS, which is updated every interval based on the charging/discharging amount. Constraint (13) shows that the value of BESS at first interval is set to initial value. The operation bounds of BESS is constrained in (14).




5. Simulation Results


The proposed method has been implemented on a microgrid system, as shown in Figure 1. In this paper, diesel generators and BESSs are considered as the main power supply in the MG system. The detail parameters of DG units and BESS unit are summarized in Table 1. The output power of RDG units, the amount of load, and the market price signals are shown in Figure 8. The proposed model is formulated for 24 h with a 1-h time step. The proposed model has been implemented on a computer using Java, JADE [32] with integration of IBM ILOG CPLEX [33] with an Intel(R) Core i5(TM) 2500 CPU @ 3.30GHz and 8 GB of RAM memory and MATLAB/Simulink.


Figure 8. Input data: (a) RDG units output; (b) load amount; (c) market price signals.
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Table 1. Parameters related to DG units and BESS of the MG system.







	
Parameters

	
DG1

	
DG2

	
Parameters

	
BESS






	
Cost/kWh

	
140

	
145

	
Capacity

	
50




	
Start-up cost

	
200

	
200

	
Min

	
0




	
Shut-down cost

	
100

	
100

	
Initial

	
10




	
Min

	
0

	
0

	
Char. Loss (%)

	
5




	
Max

	
60

	
50

	
Dis. Loss (%)

	
5










Figure 9 shows the scheduling of the MG considering the disconnection of DG1 at 8 h and reconnection of DG1 at 11 h. Therefore, DG1 is out of service from 8 h to 11 h. The auto-configurator updates the disconnection information of DG1 to the EMS at time interval 8. Then the EMS reschedules its remaining resources to operate the MG system in an economical way. From interval 1 to 7, the MG is operated based on the previous schedule, as shown in Figure 9.


Figure 9. Schedule for all components considering the events at 8 h and 10 h.
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At interval 8, DG1 is out of service therefore, the output power of DG1 is reduced from 60 kWh to zero. In order to maintain the power balance in the system, the output power of DG2 is increased to the maximum value, 50 kWh. The amount of buying power from the utility grid is also increased from zero to 34 kWh. The dynamic response for all components is shown in detail in Figure 10.


Figure 10. The response of all components in case of disconnecting DG1 at 8 h.
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Similarly, at interval 11, DG1 is reconnected again to the MG system. The information of a new registration is informed to EMS agent by the auto-configurator agent. To operate the MG system in an economical way, the EMS considers the generation cost of new equipment and decides the output power of each resource. In this case, the output power of DG1 is set to the maximum values (60 kWh) to reduce the buying power from 58 kWh to 6 kWh at peak price interval. The dynamic response for all components is shown in detail in Figure 11.


Figure 11. The response of all components in case of reconnecting DG1 at 11 h.
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It is assumed that at interval 14, the MG is switched to the islanded mode. The auto-configurator agent deregisters with the market agent and the MG is disconnected from the utility grid. In this mode, The MG system cannot exchange power with the utility grid. Therefore, in order to maintain the power balance, load shedding is performed during some peak-time intervals. The new schedules for all components are shown in Figure 12. The EMS reschedules its resources to minimize the total operation cost and the amount of load shedding considering the islanded mode from interval 14. The output power of DG2 is adjusted to fulfill the load amount, as shown in Figure 12. However, in some peak load intervals, even though all DG units are set at the maximum values, the power supply cannot fulfill the load amount. Some load is shed to maintain the power balance in the MG system (intervals 18–23).


Figure 12. Schedule for all components considering the islanded mode from 14 h.
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Figure 13 represents the response of all components when the MG switches to the islanded mode. Before interval 14, the buying power is set to 7 kWh. During interval 14, the selling power is set to 9 kWh, as shown in Figure 9. However, the MG system is operated in the islanded mode from interval 14. Therefore, the power exchange with the utility grid is reduce to zero and the surplus power is charged to BESS for reducing the load shedding amount in the peak-time intervals (intervals 20, 21).


Figure 13. The response of all components when the MG switches to the islanded mode at 14 h.



[image: Energies 10 01484 g013]






Comparison of the amount of exchanged power with the utility grid for normal case and event cases is shown in Figure 14. The output power of DG units is decided by comparing the generation cost of DGs and market price. In normal operation case, the DG1 having low cost is used during interval 8 to 10. In the event case, we consider that the DG1 is out of service at 8 h and reconnect at 11 h. Therefore, the output power of DG1 is reduced to zero during three hours. The generation cost of DG2 is less than the market price, so DG2 is increased to fulfil the load amount. In case of having shortage amount, the MG has to import more electrical power from the utility grid. Therefore, in event case, the total power exchange with the utility grid increases compared with the normal case, as shown in Figure 14 from interval 8 to 10.


Figure 14. Comparison of the amount of power exchange with the utility grid.
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A comparison of the amount of BESS charging/ discharging in the three different cases is shown in Figure 15. The amount of BESS charging and discharging is same in both normal and event cases due to the short duration of event time. However, in islanded case, BESS always charges surplus power as much as possible to fulfill the load amount at peak load intervals. Therefore, after discharging at intervals 11 and 12, BESS is fully charged at intervals 14 and 15 for using in future intervals. During peak load intervals, BESS has discharged more power for reducing the load shedding amount, as shown in Figure 15, intervals 20 and 21.


Figure 15. Comparison of the amount of power exchange with the utility grid.
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6. Conclusions


In this paper, an auto-configuration function is proposed for integration of new devices and updating the operation status of existing devices, which is followed by a rescheduling process. The auto-configurator can assist the EMS for minimizing the operation cost while reducing load shedding amount. By applying the proposed algorithm with the integration of auto-configuration function, the MG system can update the number of the participating agents (devices) along with their parameters in the MG system. In this way, EMS is able to adjust the schedules of all components by using the received information from the auto-configurator. Additionally, the response of the system has also been analyzed considering the connection/disconnection of a device. After the occurrence of an event (connect/disconnect a device), EMS receives the system information from the auto-configurator agent and reschedules all the participating agents. The load shedding scheme is implemented to maintain the power balance in the islanded mode. It can be observed from the simulation results that the auto-configuration function can improve the efficiency of the MG system integration and operation management.



However, in case of connecting new loads or disconnecting existing generators, the microgrid should require more power supply from the utility grid to cover the load amount. Therefore, the grid power profile is increased and it could make a peak power in the utility grid. It is necessary to develop an algorithm for tradeoff between improving MG system reliability and avoiding a peak power in the utility grid. Auto-configuration function with consideration of grid disturbance issues wills a suitable extension of this paper.
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