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1. Operation under Islanded mode.
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1. Coordination

For islanded applications where the autonomy is the key
requirement (long-term balance). ESSs based on batteries
continue being the most used

The operation and limitations of the Batteries
determine the reliability and coordination
requirements of the microgrid
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1. Coordination

Batteries are voltage limiting devices

The capacity of the batteries is limited, they cannot be operated
beyond certain limits.
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1. Coordination

The capacity of the batteries is limited, they cannot be operated
beyond certain limits.
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1. Coordination

¢

The capacity of the batteries is limited, they cannot be operated

Are expected to
deliver their

maximum Power
(MPPT).

beyond certain limits.
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Demand is expected
to be met regardless
of variability of RESs.
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1. Coordination

The capacity of the batteries is limited, they cannot be operated

Supply > Demand.

i tbe vy Currend

beyond certain limits.
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Demand is expected
" to be met regardless
of variability of RESs.
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1. Coordination

4

The capacity of the batteries is limited, they cannot be operated
beyond certain limits.  LOAD

Onfercharge . (}r::"
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1. Coordination

The capacity of the batteries is limited, they cannot be operated
beyond certain limits.  LOAD
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1. Coordination

The capacity of the batteries is limited, they cannot be operated
beyond certain limits.  LOAD
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1. Coordination
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The electrical circuit model is relatively accurate to capture the
main |-V characteristics.?
Terminal voltage.
» Transient response.

-

°T. Kim and W. Qiao, "A Hybrid Battery Model Capable of Capturing Dynamic Circuit
Characteristics and Nonlinear Capacity Effects,” in IEEE Transactions on Energy
Conversion, 2011.
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1. Coordination

Parameters of the battery model

Ppe = Pyc
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1. Coordination

P PCC
:;r?\::ftrer upr?::'ftre i' _' CCM
VCM I :
ESS | | e
Grid-Fnrming__ L__. Grid-Following;
» Commonly, ESSs (Grid-Forming). » RESs are more likely to operate under
MPPT algorithms.

CCM (Grid-Following).
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1. Coordination

PCC
— 1
i‘ 1 (CCM
@ VCM I :
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» Commonly, ESSs (Grid-Forming). » BRESs e more likely to operate under
» A two-stage charge procedure is MPPT algorithms.
recommended for batteries. CCM (Grid-Following).
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1. Coordination

<

PV

» Commonly, ESSs (Grid-Forming).

» A two-stage charge procedure is
recommended for batteries.

Limited-current
Grid-forming (VCM) J

Limited-current
chargs

> HESse more likely to op
MPPT algorithms.
CCM (Grid-Following).
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1. Coordination

am PCC
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Battery-ESS LOAD PV- (Es Grid-Following: L5 iGrid Fnllnwmg;}

.

» Commonly, ESSs (Grid-Forming).

» A two-stage charge procedure is
recommended for batteries.

“

RESs are more likely to operate under
MPPT algorithms.
CCM (Grid-Following).

» When ESSs are in Constant-voltage

L

Limited-current Constant-voltage "
Grid-forming [VCM)J Grid-following (CCM) } Charge, who will form the power grid®
‘g‘\ cm i"---w-“a.

Facultad de Ingenieria



1. Coordination

PLC
r i
I
ccm || | vem
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ESS I.GI:Il RES
iGrid-Following ——- Grid-Forming
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RESs e more likely to operate under
MPPT algorithms.
CCM (Grid-Following).

- » When ESSs are in Constant-voltage
Limited-current J Constant-voltage Charge, who will form the power grid?

Grid-forming (VCM) | Grid-following (CCM) . RESs may assume the forming role.

e Grid-Forming (VCM), and the
— - generation should be limited for
keeping the power balance.

ki

» Commonly, ESSs (Grid-Forming).

A two-stage charge procedure is
recommended for batteries.
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1. Coordination
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1. Coordination

For the ESS
DC/AC Bidirectional
Battery Array : AC Bus
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1. Coordination
For the ESS
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Battery Array C

el ET

| +

=

I
Current P
Control Loop #
B> PI [ 7,056
I 4
i~ O | T I,
™, » Voltage || 4 s |
) Jr: ¢ E }?e_.i*’c’;--e;.'rf T Q‘DT_I,_,._E:/?:J
> j»Generaior » g —»
E 1- E-}:-'e." #l.
liq) Y - | Power r
= . Calculation |
Lt
Droap Vﬂg
Coefficients
Oprr

Facultad de Ingenieria



1. Coordination

PV Array

il

For the RES

DC/AC Converter
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1. Coordination

PV Array

il

For the RES

DC/AC Converter
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1. Coordination

The transition between operation modes at the DERs are
triggered by local events

i PCC
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Tema
Coordination

1. Examples.
1. Distributed Strategy
2. Centralized Strategy
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1. Coordination- Distributed Approach

The transition between operation modes at the DERs are
triggered by local events
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1. Coordination- Distributed Approach
Case Study MG

Control

and
Metering
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1. Coordination- Distributed Approach

ESS2

Every DER may operate in any of two
control functions

» Grid-Forming (VCM)
» Grid-Following (CCM)

: A specific combination at the unit-level
T L — * defines topological operation modes

_ . . (TCM) at the system-level.
6 posablepombmaﬂons of 16 oM = oN
4 different TCM Where N is the number of DER.

Rules for a reliable and efficient operation

1. At least one of the DERs must assume the Grid-Forming control.

2. RESs assume the Grid-Forming control when ESSs are in
constant-voltage charge.

3. RESs and ESSs cannot be Grid-Forming units simultaneously.
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1. Coordination- Distributed Approach

Reliable Operation Modes (TCM)
ESSs as Grid-Forming RES as Grid-Forming

TCM 4
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1. Coordination- Distributed Approach

Transition From Grid-Forming to Grid-Following.
RES

Battery .
P Trnitial Irradiance
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TIME _ } \
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» The transition is defined when the
power capacity of the RES is
reduced (PMPP]? < PFEESE)-

» The transition is defined by the
regulation voltage (Vpar > V;).
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1. Coordination- Distributed Approach

The coordination signal is obtained from the response to the
unbalanced grid

,:‘ICB — — Without Transition}—
AL bus P With Transition
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48-5--i-—-; -------------------------------------------------------

e,

ESS? b e
A voltage amplitude strategy is proposed based on the reactive
droop control loop
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i When ESSs are Grid - Forming;
5. = E* - sgn(Qpesi)Kq - Qresi — Eaqj,
| When RESs are grid — forming.

|
|
|
| |
_ |
RESs as grid-forming | EE™8#(Qpp /K OppoE 4 Q
Capacitive 0 Inductive  Q(VAr)
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1. Coordination- Distributed Approach

TRANSITIONS BETWEEN OPERATION MODES

Current Mode Next Mode
Event & Conditions ESS RES ESS RES
(Evq) Vgaii =2 V; Grid-Forming Grid-Following Grid-Following Grid-Following
Eg‘;ﬂ ’Eegﬂgisz frect & | Grid-Following | Grid-Following | Grid-Following | Grid-forming
(EVa) Ppppri < PRes; Grid-Following Grid-Forming Grid-Following Grid-Following
(Evs) freqacous < Trect & | i Following | Grid-Following | Grid-Forming | Grid-Following
(Coq) E < Enom
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1. Coordination- Distributed Approach

Load Shedding
Activated for avoiding deeper discharge of the batteries

Reference Reduction

Reference Restoration
E/gzam E/Enom EOD b‘”( ) .£ E/ﬁwm
1 4 ’ i 4
0.95 0.95 l, 4 0.95
0.9 0. 0.9
0.85 0.85— 110,85 E
0 51015 10 . 50 100 0 51015
Time (s) SoC(%) Time (s)

Operation of the Load Shedding

1. When demand > supply. ESSs are the Grid-Forming.

2. The voltage in the power grid is reduced when the voltage in the
battery reaches a threshold value (EOD). (Evs)

3. The voltage is restored to the nominal value when (SoC > 50%).
(EVs)
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1. Coordination- Distributed Approach

Distributed Decision-Makers
ESS A5 A

~

i Operation Mode Decision-Maker
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1. Coordination- Distributed Approach

SoC Equaliazation

» Asymptotic » Reduction of » Less Time for » Smooth
Approach. DoD.,, Charging, Transitions,
=, ¥ \ H ' 1
105 \\ i : //
100 i S
\ I IR S
95 .
I -'4:“ » .
90 \ E SoC/ , < / "f SN \
§ ] i ""ﬂ , R i ‘t,n!. .....
O 8 -"'1“. /:". EI 1 ‘
? 80 \\ J !,/ // i i
'.'fl"r:'" ! . +* o E I
75 N -1
: : Lo
70 TP i ‘l.‘ § 4
Ay A soc_ |} B ]
65 Sl & i T
5 19 15 20 3 25 30 35 40
: Time (s) i :

Unify the charging profiles for ESSs based on batteries.
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1. Coordination- Distributed Approach

 TCM1 ¥1'C_\-I3 A LCM4, TCM1 2
ot BN Bus Signalling
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1. Coordination- Distributed Approach

TCAM1 TCM2 TCM3  TCM4 | TCM1 TCM1 TCM2 TCMS s ICM4 ? TeMr
’ bl s ’;4 , fi ~440 fﬁ‘ :rlri: L r3: .
¢ ; R V >
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- '
S 1418 142 4l

Voltage/Frequency Signalling (a) Capacitive load, (b)
Inductive Load.
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. Coordination- Distributed Approach

Easy to expand

103

100 [
4 (RESs+ESS - T
S+ S =
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1. Coordination- Distributed Approach

For DC Microgrids

PV Array DC/DC Converter
e DC/DC Converter Battery set 1
Vpr Ipr b If_ o - I
e e - r = T
p’m I_L r Yy Vl’ﬂ.l’

Y State P
MPPT
=== jrg, Current

' |
I |
| |
: |

conirel I
: Voltage droop J—'__"_/_-:—' loop :
| |
i |
| |

conirol

T + SE‘(H{,’? T
Control RES 1

State, Y V
s
I:&Cnn’em f,.qf F== +

ol  |Constant voltage charger|

I
1 L
= l Voltage droop conirol

T Srate; = T

:E- Conirol Batiery I I
AC/DC Converter _E_
v <
—_ E DC/DC Converter Barttery ser 2
L I e Do
' I
I
: MPPT ) __ - I”f Current :
—

| Voltage droop J—::'f/_T c:;:;rai :
: control State P |
R 2 T |
1 |
I |

Control RES 2

*Diaz, N. L., et al, (2014). Intelligent Distributed Generation and Storage Units for
DC Microgrids - A New Concept on Cooperative Control without Communications
Bevond Droop Control. IEEE Transactions on Smart Grid
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1. Coordination- Distributed Approach

Transitions between Grid-Forming controls are based on DC
voltage bus signalling

Vor>105.F
— il RES (Veltage
RES (HPPI} /\

Droop Control)

Qdoder e
ESS (Voltage \ /ES.S' {Constant

Droop Control) v Voitage

Vpc<0.957,, Charger)
From ESSs to RESs From RESs to ESSs
When The ESSs change to When available power from RESs is
Constant-Voltage Stage. lower than consumption.

e N NS O N

me (S
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1. Coordination- Distributed Approach

Without Fuzzy function Wit Fuzzy function
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2. Coordination- Centralized Approach

Case Study MG
[Microgrid Central Controller]

&
Coordination (DM)

Communication Channel
RES1 ESS1 L AIZI) RES2

—_—

lﬂiﬂi"f“‘l: 1

[
l |
[ |
I /
l |
-

LOAD

MPPT
Control

PCC
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2. Coordination- Centralized Approach

Inspired by Robot-Soccer Coordination

P
Vision System j
N,

sending control behaviors

=

iy

Camera

of 1]

N Receive control behaviors
; =T )
‘O~ S

Host computer

J. G. Guarnizo, M. Mellado. C. Y. Low. and F. Blanes. "Architecting centralized coordination
of soccer robots based on principle solution." Advanced Robotics. 2015.
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2. Coordination- Centralized Approach

Inspired by Robot-Soccer Coordination

Central controller

DECISION MAKER CoaC}Ll
STRATEGY

Tactic Selection

Role Assignments
Behaviors
Selection | QID

[ et ]
Control -

- - | Tactic
o Sensors 51g11315ﬂ Roles
@@%@m@%__ﬂ_LE@w S —
Player Player Player Player Player
2w, Load
- | o ¥ | N l‘ 1 Control
—.
|
Primary Primary | Primary Primary
Control Control | Control Control
| DC/AC | : | DC/AC | | DC'.-"AC‘I
FE
t&élﬁclle Photovoltaic Load ESS1 ESS2
AC Bus

°Diaz, N. L., et al, (2016). A Robot-Soccer-Coordination Inspired Control
Architecture Applied to Islanded Microgrids. |[EEE Transactions on Power Electronics.

Facultad de Ingenieria



2. Coordination- Centralized Approach

As in a robot soccer the operation of a microgrid can be defined in
term of:

» Team Strategy: Reliability of the islanded power system.

» Tactics:

» Power Balance: ESSs are the Grid-Forming
» Power curtailment: RESs are the Grid-Forming
» Load shedding: When ESSs are reaching their minimum levels.

» Roles: Grid-Forming or Grid-Following.
» Behaviour: Interactive or Non-interactive operation.

Interactive Non-Interactive
Droop Control MPPT
Power Dispatch Constant-Voltage Charge
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2. Coordination- Centralized Approach

The proposed strategy is implemented using a hierarchical finite state

Environmental
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