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Abstract

This paper presents a microgrid transition controller for managing
emergency operation when the microgrid experiences a system blackout
caused by an internal or external fault. The developed transition controller
consists of various application function blocks (AFBs), including normal
operation, emergency operation, and coordination between them. The
developed microgrid transition controller is validated by a sample
microgrid, and two test cases are investigated: islanded black start and

grid-connected black start. The simulation results demonstrate the

feasibility and effectiveness of the proposed controller for handling

emergency operation and transitioning to normal operation.

Overview of Microgrid Operation Under
Different Conditions

In normal conditions, the microgrid system operates in any mode inside
the inner loop. The outer loop Is the emergency operation mode, which Is
caused by various reasons, such as internal/external faults, unscheduled

outages, or voltage/frequency transients.

Start

) )
- Normal operation:
> Grld-copnepted mode Disconnection
- Eco.no¥nlc-d1spatch request B
- Optimization = *::
Transition to grid- N2 Grid services J gT 5
connected operation A e (ED*
B’ 5
e =
o
Reconnection | v Discontiection
N check: active and
reactive power, voltage and
Synchronization check: frequency
oltage, frequency and anglg .
%
| oE
Reconnection @peration only required: N \ &
request Islanded mode Transition | Stable ¥ S
- Power balance <& to islading
- Voltage and frequency control operation
(Load shedding* P
(" : Unstable system/blackout
Emergency operation: collapse
- Decision on black start option
- Sequence of actions
\_

Design of the Microgrid Transition
Controller

A Layered structure: DNO control room, supervisory level, device

control level, field level

A AFBs and coordination among them.

Status and request
DNO control room

Utility operator
control room

M > Steady-state

control

Command Enable (Islanded)

_, [#2 Robust stabilit

Yy #3 Optimal
power dispatch | :
(Grid-connected)) :

e ™\ f bl
. Transition-state

#1 Operation | p1o signa:] #4 Planned #5 Transition to
mode — | disconnection islanding E
management 5 '

J’ signal e Nt | J

—

Acknowledégement signal

N ) _ ?
A 4 : | #6 Reconnection #7 Transitionto |:
'V, ’ control grid-connected

Supervisory
level

(Microgrid
Acknowledgement signal ¢ . Central
# 8 Emergency operation Controller)
PCC voltage and current _ »
Detection of Decision of
black start black start
L M Status Informing l
signal |
End of black Sequence of
start actions
\. S
Operation mode
N ~, selection #9 Control signal >
- generation <
Measurements Control commands
L ® . ¢ and references y
_________________ 1——— — — — — — — =
4 ) :
Device
DER DER .
L L Load PCC CB Protection control level
application application
controller controller relay
control control
A A A
. 4 y
(" A
Field level
ll I Grid
| | O,
Ifl:l I:II] PCCCB
Y Y

( DER J ( Load J Microgrid

Schematic diagram of the transition controller

AFB#1: Operation Mode Management

Distribution network operator (DNO) signal processing, point of common
coupling (PCC) disconnection enable signal, and PCC reconnection enable
signal and operation mode decision

AFB#8: Emergency Operation
A Detection of blackout

A Decision of black-start option

A Sequences of black start: grid-connected or islanded

A Check completion of black start.

Results

Scenario 1: Islanded Black Start

The microgrid system starts from operating in grid-connected mode. Then
an external fault is triggered and removed after a certain amount of time.
The microgrid controller detects the situation, opens the PCC circuit

breaker, and black starts the system in islanded mode.

Coordination signals inside the = Measurements at PCC: circuit
microgrid transition controller breaker status, voltage, etc.

Scenario 2: Grid-Connected Black Start

The microgrid system starts from operating in islanded mode. Then an

iInternal fault is triggered and removed after a certain amount of time. The

microgrid controller detects the situation, turns off all generation, closes the

PCC circuit breaker, and black starts the system in grid-connected mode.

Measurements at PCC: circuit breaker status, voltage, etc.

Conclusions

The developed microgrid transition controller focuses on operation
functionalities for emergency operation, which Is validated by
numerical simulation in MATLAB/Simulink. The results show that
the developed microgrid transition controller can handle
emergency operation and transition the system to normal

operation.
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