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Design and Implementation of Multi-Agent System for
Load Shedding in Microgrid

Yujin Lim" - Hak-Man Kim""

ABSTRACT

In an islanded operation mode of a microgrid, load shedding is used to balance between the power supplied and the power demanded.
The conventional load-shedding schemes have considered that a load uses a continuous range of values to present its load demand.
However, in reality, some loads use integer and discrete values. We design a multi-agent system for the load shedding with consideration
of the discrete characteristic of load demands. Besides, we define a control architecture, functionalities of agents, and interactions among
agents for implementation of the system. Through experiments in various test scenarios, we show the feasibility and performance of the
system.
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Table 1. Performatives for load shedding in the microgrid

Performative Purpose
CFP sent by Agmcoce-Ls to initiate the microgrid operational process
PROPOSE sent by Agpg to Agmcoce-rs in order to propose the amount of power supplied
SUPPLY with the cost per unit
PROPOSE .
LOAD sent by Agroap to Agmcocc-Ls In order to propose the amount of load demanded
REFUSE sent by Agpe/Agps/Agroap to refuse to send a proposal
ACCEPT sent by Agmcocc-Ls to accept a proposal of Agpe/Agps/Agroap
REJECT sent by Agmaocets to reject a proposal of Agpa/Agps/Agroap
FAILURE Sept by Agpe/Agps/Agroap to Agucoce-1s in order to tell a requested action to be
failed
INFORM sent. by Agpe/Agps/Agroap to Agmcoce-rs in order to tell results of action to be
carried out
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Fig. 1. Message flow among agents for load shedding in the
microgrid

(Msg :performative propose-load
‘to ?to
:content (m_propose_load :from ?my_name
:amount ?load_demand
‘subdemand ?sub_load_demands
‘interval ?interval))
Fig. 2. The PROPOSE LOAD message format
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[L5.201209141012213:w1VTO-PC]  Amount: 120.0 kWh | SubAmount: 28 28 17 16 15 18 kWh
[L10.201209141012211:W1NTO-PC]  Amount 250.0 kWh | SubAmount: 25 24 16 17 38 14 14 16 25 16 15 30 kWh
[L3.201209141012212W1VTO-PC]  Amount 70.0 kWn | SubAmount 17 16 15 22 kKWn
[L6.201209141012214w1VTO-PC] Amount 150.0 kWh | SubAmount: 16 17 18 1957 14 16 18 857 kwh
L8.201209141012216:w1VTO-PC]  Amount 180.0 KWh | SubAmount: 37 62 34 47 kWh A
[L4.201209141012213:w1NVTO-PC]  Amount 100.0 kWh | SubAmount: 32 37 31 kWh
[L2.201209141012211:w1VTO-PC]  Amount 50.0 KWh | SubAmount: 10 40 kWh
[L1.201209141012210w1VTO-PC] Amount 20.0 K\Wh | SubAmount: 10 10 kWh
[L7.201209141012215:W1VTO-PC]  Amount: 170.0 KWh | SubAmount: 60 40 20 50 kW
[L9.201209141012216:w1VTO-PC]  Amount 190.0 kWh | SubAmount: 42 40 50 58 kWh

N

‘IElm{)CC-LS gathers

load demands from 10 Ag; o,ps

TOTAL LOAD: 1300.0 kWh

———Proposed Supplies——

[DG2.201209141012209WIVTO-PC] Amount: 200.0 kiWh AgMGOCC—I.S £a hers

[D61.201208141012206:w1VTO-PC] Amount: 200.0 kiWh
[0G3.201200141012209WiIVTO-PC] Amount: 250.0 KWh power Sll])ply from 3 AgDGS

TOTAL SUPPLY. 650.0 kWh

N L R a—

TOTAL LOAD: 1300.0 kwh
TOTAL SUPPLY: B50.0 kwh

Log

[Fri Sep 14 10:12:36 KST 2012) (Interval 2jStatting interval 2 [4]

TP SRE T2 T0TZ36 ReT 2UT2TITHErvar

[Fri Sep 14 10:12:38 KST 2012] [Interval 2)Received proposse-load message from L9.201209141012218w1VTO-PC

[Fri Sep 14 10:12.35 KST 2012) [Interval 2JReceived propose-supply message from DG3 201209141012209:wi VTO-PC

[Fri Sep 14 10:12:36 KST 2012] Interval 2JReceived propose-supply message from DG1.201209141012206:W1.VTO-PC Exchanged messages
[Fri Sep 14 10:12:36 KST 2012] (Interval 2)Received propose-supply message from DG2.201209141012209:w1:VTO-PC

[Fri Sep 14 10:12:36 KST 2012) [Interval 2)Received proposse-load message fiom L7.201209141012215w1VTO-PC (CFP, OPOSE SUPPLY,
[Fri Sep 14 10:12:36 KST 2012] Interval 2IReceived proposse-load message from L1.201209141012210:w1VTO-PC

[Fri Sep 14 10:12:38 KST 2012] [Interval 2|Received proposse-load message from L2.201209141012211:w1VTO-PC PR() SE LOAD)
[Fri Sep 14 10:12:35 KST 2012) [Interval 2JReceived proposse-load message fiom L4.201208141012213w1VTO-PC -

Fig. 5. Window for information gathering of Agwcocc-Ls
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<Load Shedding >
< Deciding the amount of load to be shed >

Loadto be shed-
IL1] Amount 0.0 kWh
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[L4] Amount 31.0 kWh
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L8] Amount §1.0 kih AgMGOCC_LS determines
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[L8] Amount 82.0 kwh]
[L10] Amount 650 kWh u

Log

[Fri Sep 14 10:12:40 KST 2012] [nterval 2)Sending accept-proposal message 10 L5.201209141012213:w1VTO-PC
[Fri Sep 14 10:12:40 KST 2012] [Interval 2)Sending accept-proposal message to L10.201209141012211wiVTO-PC
[Fri Sep 14 10:12:40 KST 2012] [Interval 2]Sending accept-proposal message to L3.201209141012212w1VTO-PC Exch
[Fri Sep 14 10:12:40 KST 2012] [Interval 2Sending aceept-proposal message to L6,.201209141012214:w1VTO-PC
[Fri Sep 14 10:12:40 KST 2012] [Interval 2]Sending accept-proposal message to LB 201209141012216:wiVTO-PC (AC(
[Fri Sep 14 10:12:40 KST 2012] [Interval 2)Sending accept-proposal message to L4.201209141012213:w1VTO-PC

[Fri Sep 14 10:12:40 KST 2012] [Interval 2jSending accept-proposal message 10 L2.201209141012211:w1VTO-PC
[Fri Sep 14 10:12:40 KST 2012] [Interval 2|Sending accept-proposal message to L1.201209141012210:w1:VTO-PC
[Fri Sep 14 10:12:40 KST 2012] [Interval 2]Sending accept-proposal message to L7.201209141012215:w1VTO-PC
[Fri Sep 14 10:12:40 KST 2012] [Interval 2]Sending aceept-proposal message to L9.201209141012216:w1VTO-PC

Fig. 6. Window for decision making of Awcocc-Ls
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Log

[Fri Sep 14 10:12:24 KST 2012) (Interval 1jReceived clp message.
[Fri Sep 14 10:12:24 KST 2012] (Interval 1]Sending propose-load message.
[Fri Sep 14 10:12:31 KST 2012) (Interval 1)Received accept-proposal message.

[Fri Sep 14 10:12:31 KST 2012] L2.201209141012211:w1:VTO-PC The amount of power to be allocated: S0kWh

TFr Sep 12 10 T2 3T ReT 2012 nterval TIMERnG plan Tor ierval
[Fri Sep 14 10:12:36 KST 2012] [interval ZJReceived cfp message.

[Fri Sep 14 10:12:36 KST 2012] Interval 2]Sending propose-load message.
[Fri Sep 14 10:12:40 KST 2012] [Interval ZJReceived accept-proposal message.

[Fri Sep 14 10:12:40 KST 2012) [Interval 2]Making plan for interval 3

[Fri Sep 14 10:12:48 KST 2012] [interval 3]Received cfp message.

[Fri Sep 14 10:12:48 KST 2012] (interval 3}Sending propose-load message.
[Fri Sep 12 10:12:62 KST 2012] {interval 3]Received accept-proposal message.

[Fri Sep 14 10:12:52 KST 2012] (Interval 3]Making plan for interval 4

[Fri Sep 14 10:13:00 KST 2012) [Interval 4]Received cfp message.

[Fri Sep 14 10:13:00 KST 2012) (Interval 4]Sending propose-load message.
[Fri Sep 14 10:13:04 KST 2012] Interval 4]Received accept-proposal message.

[Fi Sep 14 10:13:04 KST 2012] [interval 4]Making plan for interval 5

[Fri Sep 14 10:13:12 KST 2012] Interval S|Received clp message.

[Fri Sep 12 10:13:12 KST 2012] interval SjSending propose-load message.
[Fri Sep 14 10:13:17 KST 2012] Interval 5]Received accept-proposal message.

[Fri Sep 14 10:13:17 KST 2012] [Interval 5]Making plan for interval &

[Fri Sep 14 10:13:24 KST 2012) (interval 6|Received cfp message.

[Fri Sep 14 10:13:24 KST 2012) (Interval 6]Sending propose-load message.
[Fri Sep 14 10:13:28 KST 2012] [Interval 6Received accept-proposal message.

[Fri Sep 14 10:13:28 KST 2012] interval 6]Making plan for interval 7
[Fri Sep 14 10:12:36 KST 2012] [Interval 7]Received cfp message.
[Fri Sep 14 10:13:36 KST 2012] interval 7}Sending propose-load message

[Fri Sep 14 10:13:40 KST 2012] interval 7]Making plan fof interval 8

[Fri Sep 14 10:13:48 KST 2012] [Interval 8JReceived cIp message.

[Fri Sep 14 10:13:48 KST 2012] (Interval 8]Sending propose-load message.
[Fri Sep 14 10:13:52 KST 2012] [Interval 8]Received accept-proposal message.

[Fri Sep 14 10:13:52 KST 2012 [interval 8]Making pian for interval §
[Fri Sep 14 10:14:00 KST 2012] [Interval 9]Received cfp message.
[Fri Sep 14 10:14:00 KST 2012] [Interval 9]Sending propose-load message.

[Fri Sep 14 10:12:52 KST 2012] L2.201209141012211:w1.VTO-PC The amount of power to be allocated: 71kWh

[Fri Sep 14 10:13:04 KST 2012] L2.201209141012211:w1:VTO-PC The amount of power to be allocated: S0kWh

[Fri Sep 14 10:13:17 KST 2012) L2.201209141012211:W1:VTO-PC The amount of power 1o be allocated: 50KWH

[Fri Sep 14 10:13:29 KST 2012] L2.201209141012211:w1:VTO-PC The amount of pawer to be allocated: 111kWh

[Fri Sep 14 10.13:40 KST 2012) [Interval 7]Received accepl-proposal message.

[Ffi Sep 14 10:13:40 KST 2012] L2 201209141012211:w1VTO-PC The amount of power ta be allocated: 40kWn

[Fri Sep 14 10:13.52 KST 2012] L2.201209141012211.w1.VTO-PC The amount of power lo be allocated: 50kWh

Exchanged messages of Ag; gap

[Fri Sep 14 10:12:40 KST 2012] L2 201209141012211:w1:VTO-PC The amount of power 1o be ggﬂmxBOPOSE LO AD’ ACCEPT)

Fig. 7. Window for the operation of AgLoan 2

~=+—the amount of load demands
-a--the amount of allocated power
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Fig. 8. System operation for one day
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Fig. 9. The running time of our load-shedding system
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