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Structure of the Presentation

e Description of the MicroGrid.
e Tasks of the MAS
e Description of the implementation.
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Description of the MicroGrid

e The interconnection of small, modular generation
sources to low voltage distribution systems that
form a new type of power system, the MicroGrid.

e MicroGrids can be connected to the main power
network or be operated autonomously, 1f they are
1solated from the power grid.
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Battery PV Diesel

*Supply of 11 buildings (EC funded projects)
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The Laboratory Microgrid of NTUA
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MAS Technology

The basic element of a Multi Agents System 1s the Agent:

The agent acts 1n his environment.
The agents can communicate with each other.
The agents have autonomy.

The agent have partial or none knowledge of the
environment.

The agent has behavior, targets, resources and
skills.
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compliant.

The MAS implementation

* The implementation was developed in Java

* The JADE (Java Agent DEvelopment Framework) platform was
used. Jade simplifies the development of MAS and is FIPA

*One of the main features of Java 1s that 1s platform independent.
Currently 2 PCs with Linux and 2 with Windows are used.
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The agents 1n order to communicate with each other should share

the same ontology.

e Currently the ontology uses simple Concepts,Predicates and

Ontology

AgentActions for the system.

+Hagheas A =

MG_T_Measurement

+PK_id : Integer
+time_stamp : Timestamp
+ FK_device_id : MG_T_Deyice (PK_id)

MG_T_Device

+ PI_Id  Integer
+ serial: Char (64)
+ narme : Char (64)

1 1
+BelgngSTo 1+ geloiyeTo
+ BelongsTo

+ Has
+ HasBig 0.7
MG_T_Bid

+ P_id : Integer

+ start_time : Timestamp

+end_time : Timestamp

+inc_time - Infeger

+ FK_device_id: MG_T_Device (PK_it)

+ BelongsTo:

+HasChannel 1.

MG_T_Channel

+ PH_id : Integer

+name: Char (§4)

+ double_value - Double

+ string _value : Char (64)

+ unit: Char (84)

+ FK_tmeas_id | MG_T_Measurement (PK_id)
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+BelongsTo’|* 1

+HasPeriod | 1.
MG_T_BidPeriod

+PR_Id : Integer
+nurmber - Integer
+FI_bidl_io 2 M_T_Bid (PK_id)

+ BelongsTo

+HasBlock [1.*

MG_T_BidBlock

+PK_id : Integer
+price : Double
+energy - Double
+FK_period_id : MG_T_BidPeriod (PK_id)

edule
0.*

MG_T_Schedule

+ PH_id  Integer

+ start_time : Timestamp

+ end_time : Timestamp

+ inc_time - Integer

+ power_values : Char (2048)

+ FK_device_id - MG_T_Device (PK_id)
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MAS perception

MAS PLATFORM
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AGENTS
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of the system.

— IEEE PES Denver - 6/6/2004-10/6/2004

2. Management Agents. These agents coordinate the MAS and
take decisions regarding the state of it.
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1. Control Agents: these agents control directly the physical units

3. Ancillary Agents: these agents perform ancillary services like
communication tasks or data storage.
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Tasks of the MAS

e Production Unit Management-Control-Monitor.
e Load Control/Load Shedding.

e Market Operation.

« Black Start Operation.

* Voltage and Frequency Control in Isolated mode. Active-
Reactive Power control in grid connected mode.

e Island transfer.

* On-going efforts concentrate on including all these
functionalities inside the same MAS

— IEEE PES Denver - 6/6/2004-10/6/2004
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Production Unit Management (I)

There are currently two production units

* A battery bank with an inverter which 1s fully
controllable.

A Photovoltaic Panel with an inverter which can
be only monitored.
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Production Unit Management (1)
Ex. For the battery inverter these tasks are held by the agents:

Communication of the agent
with the battery inverter

JAVA/JADE

OPC client Application

I

OPC server €«&=—— Device

Control of the battery
inverter
-
__::T:“:::—.--...._.___‘J:---.{_
fo T
Af T-'I%
: e
-1 0 1 P
freguency droop P
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Agent

* One of the key features of the MAS system is the ability to
control some of the loads of the Microgrid

* For the load shedding a simplified procedure is selected based
on the fact that all loads have a predefined criticality factor and
the nominal consumption 1s known.
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Simple Market Operation of the Microgrid

Operational Period (>15min)

1. The Grid Operator announces the
prices for selling or buying energy to
the MicroGrid.

2. The local loads keep making bids
according to the English Auction
Protocol for a specific time (3
minutes)

Announcement
3. After the end of the negotiation time
all the units know their set points

Prices Negotiation (3min)
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15




. @ NTUA

Simple Market Operation (1)

There are two main ways of market function:

» The agents collaborate 1n order to maximize the benefit of
the whole MicroGrid.

*Each agent tries to maximize his own gain.

It should be mentioned that gain is not necessarily the gain of
the market:

Ex. A CHP unit tries to warm some local installation. This
operation makes the unit an aggressive player during the
winter and a passive one during the summer.
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because of the reactive power consumption/production but also

Active power Control

* Two set points of the inverter at 800W and —1000W.

* The interesting point in this measurement 1s that there 1s a voltage
increase and decrease respectively. This 1s caused not only

due to the high resistance of the cable (PQ coupling)
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Reactive power Control

* Two set points at S00VAr and —-500VAr.

51.07
=1
0.2
433
49 4 -
430 -

”R
u‘*-'-y

St

¢

2307 567.04

4 | el ™ o
A 04 3298

2250 9251
ZA1.04 144 5 o
215.04 -381.9 1

21004 519.0°

D

E/25/04 71305406 Fid 71505

IEEE PES Denver - 6/6/2004-10/6/2004

ADEPM  7-17-05/406 FM

500 VAr set point

71905406 PM

7.21: 05,405 PM

-500 VAr set point

742305 406 P

18




— @ NTUA

Frequency Control

* The system 1s 1n i1sland mode with a load of ~1900W.
 the inverter increases the frequency from 49.2Hz (no frequency
Control) to 50Hz
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Islanding transfer

 Includes all the necessary actions that should be
taken for the secure switch from Grid connected
mode to 1sland mode.

* The production should be adequate for a
predefined period.

At least one source with frequency and voltage
control capabilities.

* Legal Framework.
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Some frames (I)

£ MG Central Controller -0l x|

Status ~Controls

Market Power Control  [-600 [_] Voltage Control
BlackStart 51 production -330.0 |1 Frequency Control

StandBy SB production (0.0 [_] Reactive Control
ShutDown [_] Power Control

[C] Black Start

~Messages

MGCC CREATED MEW AGENT. Houses2 fram microgridioad LoadsUnit
MGCC CREATED MEW AGENT: TrackinglUnit fram micragridioad. TrackingUnit
Init Parameters send toHouse#2

Init Farameters send toHouse#1

Found Mew Load : { agent-identifier :name Housest! @Typhoon:1099.JA0E ad
Init Parameters send taHouse#2

Init Parameters send toHouse##1

Found Mew Load : { agent-identifier :name House®2@Typhoon:1099.0A0E ad
Init Parameters send toHouse#2

Init P ters send taHouse#1
JE 2l [

~Monitor

MGCC 3 Jun 2004 17:08:19 GMT
oltage = 228.300003 v

Freguency = 49 9899945 Hr

Grid Connected = ON

Sl Status = RUN_UEXT

Sl Wode = 0.0

Sl Production=-330.0 W

Sl Reactve Production = -5.0 WA

SE Production = 0.0 W

Sl Battery S0C = 87.20009% %

-0l

rControl
| Yoltage Alarm | | Black Start
| Disconnect | | Shust Down
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SB Production

~Settings

[_] Voltage Control
[¥ Frequency Control
[_] Reactive Control

[_] Power Control
[v] Black Start

rMessages

Q=7

Tracking Agent Succustully Started

Elack Start Capability Selected
Fraguency Control Selectad

ElackStart Capahility Succustully Enabled
Frequency Contral Succusfully Enahbled
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jerd -> PPCATyphoon:l1099/JADE =Registered
Serd -> PPCATyphoon:l099/JADE =Registered
PPCATyphoon: 1093/ JADE -> Message sent: 0.0 To PFC

PPCATyphoon: 1093/ JADE -> Message sent: 0.0 To Battery
PPCATyphoon: 1099/ JADE -> Message sent: 0.0 To PV
PPCATyphoon: 1099/ JADE -> Meszsage sent: 0.0 To House#z
Serd -> TUnitl@Typhoon:1099/JADE =Registered

3erd -> Unitl@Typhoon:1099/JADE =Registered

3erf -> TUnitl@Typhoon:1099/JADE =Registered
PPCATyphoon: 1099 /TADE -» Message sent: 0.0 To House#l

PPCATyphoon: 1099 /JADE > Grid 0ffer Receiwed: 0.0 From PPCATyphoon:l1099/JADE At 0.0
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Conclusions

« MAS for Microgrids operation

e The primary goal is to create “plug n’ play” DG
systems.

 The MAS 1s tested on a laboratory system showing
feasibility of application on actual microgrids.

 MAS satisfying many tasks, 1.e. market participation,
voltage and frequency control, seamless transfer to
isolated mode, blackstart, etc. 1s possible.
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Thank You

MicroGrids Project Web page:
http://microgrids.power.ece.ntua.gr
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