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University of Puerto Rico-Mayagiiez (UPRM)

The Electrical and Computer Engineering Department
(www.ece.uprm.edu)

Microrredes Eléctricas

Profesor: Fabio Andrade, PhD


http://www.ece.uprm.edu/

UPR founded in 1903,

Now: 11 campuses

UPR Mayaguez

Electrical and Computer Eng. Dept.: Started working in Jan 2015

Currently I’'m the coordinator of the Power Area (we are 9
Professors) and also collaborate with Control and Electronic E
areas T

Teaching Experience includes:

® Aguadilla Bayamén, * - J‘
e INEL5417: Power Electronics Applied W e
PP / — 1903 "
to Renewable Energy Systems 191 * Mayagiez Y
« INEL 4416: Power Electronics e '(
Ponce oy

 INEL 6085: Advanced Power Electronics
« INEL 6058: High Frequency Power Converters
 INEL 8496: Distributed Energy Resources
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Marcel Castro, Ph.D. Adriana Luna. Ph.D. Fabio Andrade, PhD,
Howard University, Aalborg University Universitat Politecnica de

Washington DC Denmark Catalunya, Spain

Erick Aponte, D. Eng.,
Rensselaer Polytechnic
Institute
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Eduardo Ortiz, PhD  Agustin Irizarry, PhD
Michigan State lowa State University
Lionel Orama, D. Eng.,  University

Rensselaer Polytechnic

Institute

Efrain O’Neill, Ph.D.
Arizona State
University

José R. Cedefio,
Ph.D.

Ohio State
University



First Microgrid Lab at CID212

Seed funds

Co-PIl at NSF CRISP Type 2: Interdependent
Electric and Cloud Services for Sustainable,
Reliable, and Open Smart Grids.

Grant No. ACI-1541106.

GridEd - The Center for Grid Engineering
Education

dSPACE System: Renewable Power PWMs + 3 phases Current & DC/AC Converter 2.2kVA +
. " .
models + Centralized Control systems Voltage sensor boards Power Filter


http://oasis.uprm.edu/
http://oasis.uprm.edu/
http://oasis.uprm.edu/

NSF MRI: Development of a Real-world Microgrid ()
Simulation/Testing AC Microgrid Instrument S

lights e fie
P Wind Turbines Loads " "l
N| A -
Tertiary | Islanding Electric Power flow
Control | detection Market power Tﬁ AF 3ph|VoIt, 220Vrn|s , 60hz
= | |
|
Secondary | Grid onloff Synchronization Power quality " \A
Control | Operation control )
Primary - Virtual P/Q droop
Control Impedance loop method
W  Protections 650vdc
Power Electronics ! ol DC voltage |y PLL Inner current and
Control voltage loops
N X
Energy Storage 2y
System DC power ﬂ ' :
SOUrc®  control PV systems |

DC power f-' m{"‘
source/, ‘

Pl at NSF MRI: Development of a Real-world Microgrid Simulation / Testing Instrument, $355,640.00
(09/15/2018 —31/08/2020)

Grant No. ACI-1541106.


http://inec.uprm.edu/sec/

NSF MRI Instrument:
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Summer  Hurricane Ago 2018 Dic 2018
2017 MARIA MRI Grant
Sept 2017



NSF MRI Instrument: ) <

Earthquakes COVID Pandemic July 2020
Jan 2020 Mar 2020
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b) { . e : - e &
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CRISP Type 2: Interdependent Electric and Cloud Services for - ()
Sustainable, Reliable, and Open Smart Grids Y =

Proposed Open Access Smart Grid Smart Grid Concept Proposed Software System Infrastructure
Eillin i -
Eﬂﬂl'hg? Sﬁmﬁm Lervice Drokerage Layer ? a
FE":;’W [ Compasition i::l:';:::l
247 :mm;:::; Den:ﬂeﬂm [ Brmi::s ] [ -r:ml ] Data ulsunliss Hiitea
Subscription L. -
reray | Eneray | 21 e I G —
Sto i petric servi ! achine
sum;gtgh" Ariice st Enargy MHS‘II::ECEL;TSH:MF::ES ] ' ipl:?l!; ]l t:ar:in;_J
priid B B Srorage i ] i
' ¥ ™
Reactive Energy
Powar Markats
Advertizenment Ancillary Pheysical Layes
Service Servicas
Open Smart Grid Services Markets, Policy & Management n
( Co-PIl at NSF CRISP Type 2: Interdependent Electric and Cloud Services for Sustainable, Reliable, and
| Open Smart Grids, $1,499,988.00 (09/15/2015 —08/31/2019)

Grant No. ACI-1541106.
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Development and Validation of Models to Assess Dynamic

Response of Converter-Dominated Power Systems across Multiple -~
Spatiotemporal Scales

[ b oo R |

1 Measured | Fit=77.44% ||
| e l | h
Identification S o
Tools 2 Fitted UNIVERSITY OF
——— g‘ Dynamics | == , L S K
01 )/ ey |
£ " S . FAIRBANKS
Va & | n‘
ol 0.2 | a
ke g | . U.S. DEPARTMENT OF
|
Chridid- € Aad Cunntunsl lialak !
LI ek P:”:.'I LI} Cielal 03 I

Fiswnm fon

Office of
: | ENERGY science
p = % ' e

40
SOUTH DAKOTA
STATE UNIVERSITY

This proposal will bridge power systems and power electronics domains to develop research programs at UAF, SDSU, and UPRM in
dynamic (tens of milliseconds to 30 seconds timeframe) and transient (milliseconds to hundreds of milliseconds timeframe) level modeling
of converter-dominated power systems. These programs will focus on exploring the use of converter-coupled generator models of varying

complexity and detail for dynamic and transient timeframe power system simulations, and they will include a strong component of
experimental validation.

9/15/2024
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Resilient Operation Of Networked Community Microgrids Q
SEC

With High Solar Penetration Y

UNIVERSITY OF THE UNIVERSITY OF OAK RIDGE |
Ml CENTRAL FLORIDA %., e e Ll e Office of
T :&E}(};}}EJESSEE National Laboratory e EN ERGY Science

3@4,:(,09«

7 de Autogestion Solidaria y Humanitaria
CASA PUEBLDO

%f HONNOLD
This project proposes a novel development and evaluation of a microgrid controller (MGC) that ”| FOUNDATION

coordinates the cluster operation of the Adjuntas MG to achieve high resiliency and cost-
effective operation. Two operation modes are considered — normal and self-healing.

9/15/2024 12




Developing socially and economically generative, resilient PV-energy systenfisﬁ-h Q
for low- and moderate-income communities: Applications for Puerto Rico =

% EC
Project Team University of Puerto Rico-Mayaguez
Arizona State University &eillléopg:;zLu 20
Clark Miller Fabio Andrade
Elisabeth Graffy Marcel Castro
Kris Mayes
Richard King National Renewable Energy Laboratory
Christiana Honsberg Beniamin Siori
enjamin Sigrin
Meghan Mooney

(04/2019 — 03/2022)

The project proposes innovative pathways for accelerating photovoltaic (PV)
technology adoption among low- and moderate-income (LMI) communities
in ways that generate positive social and economic benefits, including higher
levels of energy security and socio-economic resilience.

S, U.S. DEPARTMENT OF Office of

EN ERGY Science

9/15/2024 13




Collaborative Research on Resilient Infrastructureand -
Sustainability Education - Undergraduate Program (RISE-UP)

We propose to develop an interdisciplinary
Resilient Infrastructure and Sustainability
Education — Undergraduate Program (RISE-
UP). The program will provide the
intellectual and practical academic space to
generate case study research and turn them
into  hands-on  solutions for real
problems/projects, starting with the ones
generated by the impact of Hurricanes Irma
and Maria.

Resilient Infrastructure
and Sustainability Education /
Undergraduate Program

7~

A\

GOVERNMENT

+

PRIVATE SECTOR

+

OTHER
STAKEHOLDERS

N

y

N

RIO PIEDRAS CAMPUS
* Environmental Design

( MAYAGUEZ CAMPUS
* Civil Engineering
* Electrical Engineering
* Engineering Science
and Materials
* Surveying

PONCE CAMPUS
* Construction

http://riseup.upr.edu

Senior Personnel at NSF Building Capacity: A Collaborative Undergraduate STEM Program in Resilient and

Grant No. ACI-1832468.

Sustainable Infrastructure, $1,111,530.00 (10/01/2018 — 09/30/2023)

9/15/2024
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UPRM’s I\/Iigri

SouTH DAKOTA
STATE UNIVERSITY

USE

ARIZONA STATF UNIVERSITY OF
UNIVERSITY SOUTH FLORIDA

Solar House

ﬁ_‘*‘

UNIVERSIDAD

Universidad DE JAEN
del Valle

9/15/2024

d Laboratory

NATIONAL RENEWABLE ENERGY LABORATORY

Sandia
National
Laboratories
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University of Puerto Rico-Mayagiiez (UPRM)

The Electrical and Computer Engineering Department
(www.ece.uprm.edu)

Education Activities

Research — PhD and Msc theses
Outreach — go to Communities

16


http://www.ece.uprm.edu/

2019 EE Graduates (undergrad) per area

9 Power Faculty expertise:
MITENCIA

* microgrids, renewable energy sources, power

el.ect.ronics, electric yehicles | | mcmmmm- :
e Distributed Generation (DG), islanding detection

e smart rural power systems, appropriate
. H ELECTRONICA 4
technology, responsible wellbeing .

e power system optimization, evolutionary
computation, T&D design, CIMUNICACIOLSS
* [llumination Engineering, electrical safety
e power systems dynamics, renewable energy
resources
e power quality, social implications of technology

CONTROLES

a0 0 40

9/15/2024 17




Undergraduate power engineering courses

Course code Course title/description

INEL 4103 Circuit Analysis Il (basic 3 phase balanced power)

INEL 4405 Electric Machines

INEL 4406 Electric Machines Laboratory

INEL 4407-08 Electric Systems Design | and Il - elec sys design for buildings
INEL 4409 lllumination Engineering

INEL 4415 Power Systems Analysis (pwr flow, econ. dispatch, faults)
INEL 4416 Introduction to Power Electronics

INEL 4417 Alternative Energy Generation (renewables)

INEL 5406 Transmission and Distribution Systems Design

INEL 5408 Motors Control, drives

INEL 5415 Power System Protection

INEL 5417 Power Electronics applied to renewables

9/15/2024 18




Graduate power engineering courses

Course code Course title/description

INEL 5406 Transmission and Distribution Systems Design
INEL 5408 Motor Control

INEL 5415 Power System Protection

INEL 5417 Power Electronics applied to renewables

INEL 6025 Advanced Energy Conversion

INEL 6027 Power Systems Dynamics and Control

INEL 6028 Power Systems Optimization and Economic Operation
INEL 6058 High Frequency Power Converters

INEL 6066 Electric Drive Systems

INEL 6077 Surge Phenomena

INEL 6085 Advanced Power Electronics

INEL 6096 Power Quality

9/15/2024 19
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An Introduction to Microgrid Control
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An Introduction to Microgrid Control
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An Introduction to Microgrid Control

“... MicroGrid concept assumes an aggregation of loads and microsources operating as a single system providing
both power and heat. The majority of the microsources must be power electronic based to provide the required
flexibility to insure operation as a single aggregated system ...” [Lasseter et al, 2002]

Microgrid [Dimeas y Hatziargyriou, 2005]

9/15/2024




Microgrid Configurations

Connection interface (Cl)

/

Point of Coupling ’/1

(PoC)| _ >
2
L | |PE @— PE 3
ili Central L I -
Utility network i = ==
| —-I—
Hey 81 [ B pe |4
pg| PossblePower  L__—___ 4
Electronics interface ] 5
Connection : PE
Cl Motor ’
Interface @ i_ ------ - -:
_ __ Communication
line @Genemmr i (:: ) ' PE 6
( y- V. Isensor \/|Photovoltaics 1
PV L |
Number See text fordescripton T T T T T !
«— General load (impedance, or -] \ 7
motor, or power electronics). e
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Microgrid Configurations

AC-DC Hybpria Microgria
Hierarchy of loads

I
I
|
I
l
Digln :
I
ACE Ganr :
weabes fGadl . L :
! |
Relay 1/2 . |
JE_%EI:-:
—| BafTmp | BatCur | DT | BatVigOut|—— - -— ! |

: BrGverkaaucher

* e [ Loy
1 = o
B Sieller S T | Lodurngler /- [T’ :;. -
_| pcroc converter ||
Branrsiali-
B zellal Fual coll
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Microgrid Configurations

Microgrid proposed by the CERTS (Consortium for Electric Reliability Technology Solutions)

Point of Common

<4

Market and emmlp [l ..~

Climatic Conditions

B €nergy Manager X0 power Flow Conroller = Differential Current Gircuit Beeaker I Tradition!Interconnection
e Communications - Protection Dota ——— Electric Wires Absorption Chiller ﬁw

& S g rica e gl vesmeasns B gy

imnﬂ:ho :

ES-_
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1 i : ﬁ/§5:ﬁ <:>
Microgrid operation &Y =
— SEC
. . . Renewable
Microgrid operation modes: / energy sources
* Grid connected PV Wind turbine . —

* |[slanded

_f
I

Utility Grid i| panel system

A\ ! .S A

I —
|
! “\. 1
B H A,
|
|
I

-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—4‘

Intelligent |
Bypass

Switch '\._._._._._._f _____________________________ R4
(IBS)

Distributed loads
Typical structure of a flexible microgrid

9/15/2024 27




Microgrid operation

Islanded / Grid-connected operation

e Operation modes and transfers of the flexible microgrid and
Static Transfer Switch (STS)

P=P*; Q=0Q* STS = OFF
Import/export
P/Q
Current/Voltage [ €l el | Voltage E= V*
Source Connected Ol Source gp=p*

STS=ON

Synchronization g

a):a)g

From grid-connected an islanded modes, it is necessary a smooth transition.
For both modes, the converters could work as voltage sources!

9/15/2024 28




Microgrid operation

Master-slave control

@ D
I |54 I, | I
Voltage : ’ >N °
Source - e Load
(Master)

Current Controlled
Sources (Slave)

A 4

Woo-Cheol Lee “A Master and Slave Control Strategy for Parallel Operation
of Three-Phase UPS Systems with Different Ratings”

9/15/2024 29




Microgrid operation

v W

9/15/2024

4 N
n
Ve e NI:?\ Lib 0 e ,!:33_
T v, L, iLc Vey L,
V;—’YV\ — VCc \ Add
x@:ﬁ:@:ﬁ@ T vy - Communication B

Master-Slave control

. SWM ‘;‘ﬂ Vaﬂ links
Cap

1
I o
r -
L — — - To other Slaves

This technique ensures exact current sharing,
but needs for high-speed communications.

Voltage -
abc Current o g t + | Three Phase pomren’ abe
af Resonant R Reference oo af
Controller Controller Generator aff ontroller y

30




Microgrid operation

Master-slave control

Load

K E K . IR KEE

EEE ' 1L

SVM

Current Voltage Tr P e
Resonant F=_J Resonant H Reference Resonant ﬂ
Controller Controller Generator a3 e

Energy Storage System PV/WT

* Voltage source: grid forming units
* Current source: MPPT units. WT and PV

Current sharing is not necessary in this system

9/15/2024 31
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University of Puerto Rico-Mayagiiez (UPRM)

The Electrical and Computer Engineering Department
(www.ece.uprm.edu)

Education Activities

Research — PhD and Msc theses

Outreach — go to Communities

32
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Research Activities

FC300 VLT
contro/ler FC300 VLT converters 2. 2kW

t----

Current-voltage sense board

ﬁWM (Electric pulses
to optical pulses)

loop and PWM gejpera or

GRID

Solar House
PQ Lab

/
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Research Activities
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AN INTEGRATED POWER SHARING CONTROL METHOD FOR THREE-PHASE
INVERTER-BASED GENERATORS IN ISLANDED MICROGRIDS

A dissertation submitted in partial fulfillment of the requirements for the degree of:
Doctor of Philosophy
in
Electrical Engineering

University of Puerto Rico at Mayagliez
Electrical and Computer Engineering Department
Juan Felipe Patarroyo Montenegro, Ph.D. Candidate

Advisor: Dr. Fabio Andrade Rengifo

© 2019 Juan Felipe Patarroyo - All Rights Reserved. U.S Patent Pending
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Proposed Microgrid Scenario

s
f
|

b Ky,

l
. L

S

L

{

P
%

Inverter 1

LCL filter 1

LQR-ORT 1

Inverter 2

LCL filter 2

LQR-ORT 2

Inverter 3

LCL filter 3

LQR-ORT 3

Microgrid Parameters

= _SE

??-..- -.--.-- \\:} Q
IR 1)

o

Load 1

9/15/2024

Load 2

Parameter SYMBOL
Value
Grid Voltage %4 120Vrums
DC bus Voltage Ve 350V
Grid Frequency f(we) 60Hz (376.99 rad/s)
Output Inductance Lo1,Lo2,Los 1.8mH, 1.8mH, 3.6mH
Input Inductance Li1,Liz.Liz 1.8mH, 5.4mH, 3.6mH
Filter Capacitance Ci1,Cy, C3 8.8uF
PWM Frequency fowm 10kHz
Sampling Period T 100us
Load 1 Ry, Ly 85.7Q,0.46H
Load 2 Ry, L, 171.43Q,0.53H

37



Microgrid Models )

Vea] [ 0 we 1/ 0 —=1/C 0 Vel r o0 0 0 0
Veq —w, 0 0 1/ 0 —1/C||Vqy 0 0 0 0
ha| _|-1/L; 0 0 w O 0 ||Lal| [1/L; O Ed] 0 0 Vd] 1d -
i O O 1 B Ry |4 B I R A I Grid-connected
iog 1/L, 0 0 0 0 we || loa 0 0 -1/L, 0
i 0 1/L0 0 0 —Wc 0 qu 0 0 0 - 1/LO
L Log |
1 1 1
| — S 0 0 0 0o 0 0
C, C, Islanded
1
-—— 0 0 0 0 0 0 0 0
L 0 0 07
-Vcl- lﬂ 0 RL02L03 LL03 0 RL02L03 _LLOZ 0 RL02L03 1
I' Lt Lt Lt Lt Lt Lt VCl L_ O 0
1 1 1 Iy Y 0 o
Iy 0 0 0 0 - - 0 0 0 Ioy
v G, Gy % 0 0 0 E
.02 1 c2 1 1 .
i|=| o o 0 — 0 0 0 0 Ip[+] 0 — 0||E where:
i2 1 i2 E
Loy LL RLyL Ly RLy L LL RLoiLos|l;%f 10 0o of 3
. _ 03 _ 0l1%03 E _ 0l1%03 _ ol _ 0o1t03 Vv —
Ves 7 0 L, L. 0 I, o, ° I, IlC: 0 o0 (1) Ly = L(Lo1Loz + Lo1Loz + LozLoz + Lo1Lo2Lo3)
Ii3 1 1
i, 0 0 0 0 0 0 0 = —= [T |0 0 g Lar = LLoz + LozLoz + LLo3
3 3
Lo 0 oA
1 _
0 0 0 0 0 0 —— 0 0 Lagz = LLo1 + Lo1Lo3z + LLy3
i3
_Lloz  _Rloiloz _Llon  _Rloiloz Las  _Rloiloz Lgs =LLy; + LyiLoy + LL,,
L, L, L, L, L, L,
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[ 3‘ Th
Microgrid Other Inverters s / e
Switch M?m S E C
| erd Control Parameters
—
il z Parameter SYMBOL
Inverter i Loads Value
— Eai i rv'?}”n Veai (YLYO\IQ loaj A Error Weighting Matrix Qp1, Qp2, Op3 {5,4.9,4.8} X 103 X I,
+ Vdc| Ebi libi v~y Vebi  ~vny lobi 5L
-l_l = Eci I|Ci N Vcci laaas) Ioci Input Welghtlng MatI‘lX Rpl, sz, Rp3 {0-2, 0-15, 0.18} X IZXZ
V
Inner Integrator Gain Ki1, Kiz, Ki3 1
Ci
Outer Integrator Gain Ks1, K52, K3 5
PWM
[pwvm] ‘1 SOGI gain Ksc 0.7
l l Y AA 4 ‘
abc abc 7| [abc 7] [abe 7] [abo 0' | Modified PLL Proportional Gain Kpp 0.28307
9™"dq Conversion da da dar] " da PLL-SOGI
| i PLL Integral Gain Kip 7.5102
! Vedg | lo Eint TS T = =
zT_s1 | vy N;ult‘;iylex:: 3 Tq |_ Grid Connection Flag_ Frequency Restoration Gain Ky 100
X
7 > Power Rating $1,5,,55 500, 1000, 1500 VA
+
Voltage Restoration Gain (Active) Kpl, K P2 Kp3 1000,2000,3000
va Z PQ qu . . .
Calculator F—Togq Voltage Restoration Gain (Reactive) Kq1, K2, Kg3 —1000,—-2000,—3000
+
‘)—' [Pref Qref] I
KeaTS|. |
PQVI o s v, 0]
ContrOI Ie r L'_ _________ Voltage }
Grid Connection Flag Restoration
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Problem Statement %

SCIAC | Line Impedance __ _Line Impedance __ DC/AC
Lf Ex-5° | jX R | V40° | jX R | Ex-¢° Lf Converter
Converter . 4-0 ITW AN : :J-W AAA ; ¢

TR [ I SO S S

pc(? Cf= -

-1 —"—"—"—""~""~""~""~""~""~""~""~""“"“"~"*“""™""™""™""""™""™"™°= | —

I ! : I
| Lo [P | | Lo | P |
I & | Droop |€— LPF : 1 | & | Droop [€— LPF |1
| Pl | pover . |P=|(———- | (REZ—REVcos§ + XEVsiné) | | Pl | pover |
| Reference - = CcoS + Sin I Reference - I
| Generator Calculation | ( RZ + XZ) | vref | Generator Calculation |
| < E Q Block \ [ ! | < [E Q Block \ |1
' v 4 [ Droop [« I I 4 | Droop [ |
| Vref | | |
[ Q l | [
I ! | I

w = wy—m(P—P,)

1
=|—— | (XE%2—-XEV 0 — REVsinéd
Q <(R2 +X2)>( €08 sin6) w = wy—m(P — Py)

E=E;—n(Q - Q) E =E;—n(Q - Q)
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Proposed Controllers for Power-Sharing (Rotated VS:
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Experimental Results (Testbed) &y

System Parameters:

Parameter Symbol Value
Fundamental frequency w 376.99 rad/s
Cut-off frequency of measuring filter r 18.85 rad /s
Grid voltage (Stiff AC) (V) 120 Vgas Z " I3 Y
Inverter output voltage (Vo) 120.63 Vims T o | |- SSEECUIE
Filter Capacitance 8.8 uF R |

Filter Inductance
Series Resistance of the filter inductor
Inductance of the line

1.8 wli P e

0.18 Q2 - : .
0.0001H to 0.002H |
0.2 Q to 220 _—
0.001
0.02 to 0.04

Resistance of the line

Frequency droop
Amplitude droop

el (FIaEIgie

DC Power SUpply g
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Experimental Results (Droop) S e
Both controllers used the same Active power | . |
step in the experimental testbed. 1 H ,r ; — Exp. Rotated
o ] — Model Rotated
Active Power step = 500W = 0.5 1 T i
& 03] N
E_,,) O - L—-—(} 0 N
Parameter Symbol | Value % 0.5 L, 10 12 . :
Inductance of the line L. 0.0018H o, 0 S IQ ) 15 20 25 30
Resistance of the line R. 2.2 Q g_’ 5 i —Exp, Classical
Switching Frequency [s 10kHz B N i ' —Model Classical
DC bus voltage DC 400 V < 0.5 " I' |
Voltage Loop kv, kv | 0.35, 400 | Ll
Current Loop ki, ki | 0.7, 100 0 # l()(Slt —/% .
0.5 1. 10 12 |
0 5 10 15 20 25 30

Time (S)
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Experimental Results (VSG) &Ly =
— SEC
Both controllers used the same Reactive 1r 3> | ~ Exp. Rotate ||
- - ’\ — Model Rotat
power step in the experimental testbed. N 0 - X : S
5 i | o
i = E 1-0.5 i /\ ;
Ractive Power step = 200W 0 _J\_r - E0.8 _/\\r ~
CX 0S5 V
& sl i e 10 11 12 13 |
— o) [P ! \ | | |
Parameter Symbol Value g 0 5 10 15 20 5 30
Inductance of the line L. 0.0018H 2 | .
Resistance of the line R, 2.2 Q v - 0. ~——Exp. Classical ||
Switching Frequency fs 10kHz 5 — ol = —Model Classical
DC bus voltage DC 400 V 300 F 0 | -0.5 |
Virtual inertia constant H 1.42s i | W%K; | o112 13
Damping coefficient Kp 14.53 0= 5'0'5 ! i /\*f"’—
Voltage Loop kpv, kry | 0.35, 400 % L 123 4L _________ : - /
Current Loop kpi, kri 0.7, 100 0.5 LY v 1 | ! | ! ]
0 5 10 15 20 25 30
Time (s)
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tllustration

Aggregated models such as PVDI,
DER_A, repc, among others, have been

proposed to represent the dynamics of
hundreds of IBGs.

Identification of parameter values in
aggregated models 1s a crucial and
meticulous process, as they consist of
several parameters whose estimation
requires rigor in order to provide an
accurate mathematical model.
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Aggregated Distributed Energy Resources (DER_A) Model
10 States

o —— 7 dbdLdbd2 A |

I Proportional 1 vt [ 1 |vtfit ~ver [ lqv!
_ = Vvl ~ | qv | m
- Voltagg Controller! LS| —# ant b i 48 Parameters
: U vet) T H
(T TS e T e e s e e e e e e e =aitanih lesestemaes r————-----————-—-4, o ________
: i pfacel Pflag Emao
Pgen 1 T +
I _ l (Pord) 69— + |
| Reactive Power Control or' 1+sT, Oret |1t sTi 1!
- o

I Constant Reactive Power | i 5 S e TE it
! i i R R A
I | Vt_filt 1 ! ily l

S0) | e :

. "

I 1vh1vh0

|

|

|

| Frequency

|

|

|

| I

| I Y Culrent § Voltage T Inverterasa
I ge I nverter as a

) E LIM Tripping 1 Voltage Source

1— To frequency relay model !
1 SR/ | Frequency

|

l

: |

l If VVt < Vpr then switch to \ Tripping
! position 1, else position 0 }

4

Used to represent the aggregation of a large number of inverter-
Figure 12: Overall structure fof 2cointe@rfaced DERs:(ice.) utility<scalewind, solar photovoltaic (PV),
and battery energy storage resources).

9/15/2024 50




O

Results and Analysis - Parameterization Methodology Validation

Proposed Methodology Validation Using Known Parameters

Aggregated DER_A Model Connected to the Grid
(Using Known Parameters)

) Real
‘ , Parameters

L
0

Reactive Power Control or il

Constant Reactive Power (s,)

States

Real E

Data Logger
RMSE and Density plot

. J

Estimated
Parameters

Estimated
| oo e States

1 Core Dédicated Onlyfo .~ [~~~ 77TTTTTTTTTTTTTTTS
Y Estimation (Running at’5ms) )

Parameterization Methodology
(Online Estimation)

mmmmmmmmmmmmmmmmmm
sssss
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Results and Analysis - Parameterization Methodology Validation — =
Step # 1 — Voltage Control Dynamics (Using Known Parameters)
Parameterization with Known Parameters - Step #1: Voltage Control Dynamics
0.4 0.4
= 0.2 =
N | £) &
= ' R ]
& 0.5 ! = 3
> ! 0.2 =
| i True Estimated Fit Based on
0 \ 04 Qtpp Parameter State
0 05 1 15 2 25 0 05 1 15 2 25 051 15 5 s Value Value NRMSE (%)
Time (s) Time (s) i Time (s) Trv 0.02s 0.0206 s
600 — ' o ' 600 ' - ' ' 400 . ~ 600 ' . _ kqv 5pu 4.8173 pu || VitFilt (SO) 99.0654
; Mean: 4.8173 Moan: 1.0599 #1 Voltagean: -clbdte = -0.05pu  -0.0479pu | Iq(S3) 99.5867
2400 Mean: 0.0306 400 : 5,300 sam a0 Control  gdbd2 | 0.05pu  0.0482pu |limpd (S10) 963428
% ' % % 200 % Dynamics 0.06 s 0.0599 s |limpq (S11) 99.8867
A 200 A 200 A A 200 0.01 pu 0.0088 pu
100 0.2pu  0.2034 pu
0 0 0 0
0.0205 0.0206 48 482 484 486 0.0598  0.0599 0.06 -0.0484 -0.048
Trv_hat (pu) Kqv_hat (pu) Tg hat (pu) dbdl _hat (pu)
600 . 1000 . 400
Mean: 0.0482 Mean: 0.0088 ]
: : 300 Mean: 0.2034
2400 z z '
% § 500 § 200 — Real States
8 200 A A 100 - - - Bstimated States
0 0 e
0.048 0.04820.04840.0486 8 8.5 9 9.5 0.201 0.202 0.203 0.204

3 Xe hat (pu)

dbd2_hat (pu) Re_hat (pu) 10
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Results and Analysis - Parameterization Methodology Validation

Proposed Methodology Applied to a Detailed System

Detailed System (36 Grid Connected Inverters
(Using Unknown Parameters)

Y
GGGGG

R
= | \/ Feeder Backbone | e ﬁa_'l'gy\l%u‘fi;”: Re al

= Drop Line Load Bus P o
— : er——a% | [ Parameters ______.

MV Substation _CD_< L e
(14.4kV) pos N
. 14.4KV/120 V

i = Real

A o
o l“—j—;‘*l Og 1
Service = y
Transformer Ne'ghborhmd = !/ leececeees St.a.tg § .....

ey Yy V¥
QD () o ( Data Logger h
3[: '"S'I;q';r't';&/'“mpr“ RMSE and DenSIty pIOt

Inverter ﬂ.ﬂ.QI’Ef
|

System Under Study Neighborhood- PR
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................... )
reql refl Qrefv th Iimpd,ql """""" | 4

- J
A A

Estimated 1 :

| ....parameters__. ;

Estimated E

Y R NS States ...

1 Core De icated Only to
L Estimation (Ru nning at’5ms) )

Parameterization Methodology
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Results and Analysis - Parameterization Methodology Validation &y
== CEC
Proposed Methodology Applied to a Detailed System T o fiiverterBased Genarator )
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|
|
|
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Smart PV |, . ' (e . .
] [0) Grid Support Functions Ref P and Q
Inverter | T Qref &t o . P, from GSF |
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Results and Analysis - Parameterization Methodology Validation \-’3

Detailed System Parameterization - Step #1: Voltage Control Dynamics

Step # 1 — Voltage Control Dynamics 400 800 200

. . Mean: 0.00277 Mean: -0.0191 Mean: 0.1724
(Methodology Applied to a Detailed System) ., 600 :
2 > 200 :
Z 200 Z 400 E 1
A o) A
Default ~ Estimated Fit Based on 100 200 100
Step Parameter /. Value State NRMSE (%) |
0 0 0
TV 0.02s 0.00277's ) 275 238 -0.0191 017  0.175
kqv 5 pu 15.1277 pu Ilmpd (810) 50.7245 Trv_hat (sy 1073 dbd1_hat (pu) Xe_hat (pu)
#1Voltage  dbdl -0.05pu  -0.0191 pu 000 000
Control dbd2 0.05pu  0.0200 pu Megn: 151277 Mean: 00200 o)
Dynamics Tg 0.06s  0.0079pu | . : ' _
Re N/A 0.0931 pu limpg (S11) 97.9008 ‘E » ! ‘Ef N % 0
=] 1 =]
Xe 0.2pu __ 0.1724pu E | z £
: -0.02
0
) 148 15 152 0.01994  0.02
| Kqv_hat (pu) dbd2_hat (pu) Tlme
|
Iq I 300 — 50079 300 , 02
- ean: v. Mean: 0.0931
| 2z : | 2202
\ A E -0.4
S ) 100 R
9 -0.6
0 0.8
7.5 8 0.09 0.095 2
Tg hat (s) 107 Re_hat (pu) Time (s)
‘—Circuit - Estimated‘
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Results and Analysis - Parameterization Methodology Validation & 4

&
SEC

Step # 2-3 — Reactive - Active Power Dynamics

Detailed System Parameterization - Step #2: Reactive Power Dynamics

(Methodology Applied to a Detailed System)

4000 "Nean: 0.00269
1 ] 0.1 ™
3000 N | _ i
2 l 2
£ 2000 g 0.05
A : £
1000 Iy |
Ste Parameter Default  Estimated State Fit Based on F 0
P Value  Value NRMSE (%) 0 | |
#2 Reactive limpd (S10) 51.1075 2 25 3 35 0 1 © 1 © 2
i Tiq_hat 3 Time (s Time (s
DPowe'r Tiq 0.02pu  0.0027 pu limpg (S11) 96.6813 q_hat (910
ynamics
#3 Active limpd (S10) 96.2887 Detailed System Parameterization - Step #3: Active Power Dynamics
DP:;I::ircs Tpord 0.02pu  0.0025 pu limpq (S11) 52 1342 2000 .: 0.02
y Mean: 0.00252 0.1
1500 | : 1 11 0.01
. = 0.08 =
Z =0.06 =
s 1000 | = g 0
a) £0.04 &
500 ¢ 0.02 -0.01
ol U U U
0 ‘ -0.02
2 2.5 3 0 1
Tpord_hat () o> Time (s)
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Leading & executing th transits |
eading & executing the energy transition | UA -0

* First DG and microgrid studies in Puerto Rico Rkt F

* Emphasis on a more distributed power system af \\ ﬂ‘g

* Strong presence in energy policy discussions ' N\

» Collaborations with National Laboratories Ul ii"é?!fi:.“;%ifs — &

V|IIa Turabo First Solar Community in PR

Casa Pueblo-UPRM PV.Lab. First
interconnected system in-PR, 2008




CFR)

Challenges in Puerto Rico )

Ig)

* Physical limitations: Islanded system — no external support
* Power flows from South (generation) to North (demand)
* Dependence on imported fossil fuels (over 95%)

e Reduced demand Central Central
Arecibo Palo Seco Central

* Electric grid - ) @ San Juan
* Transmission voltages: 230 kV, 115 kV
e Sub-transmission: 38 kV
* Distribution (e.g., 4.16 kV, 8.32 kV, 13.2 k

e Bankrupted utility

e Legacy centralized system:
* Not sustainable
* Not resilient

Central E:::.::::li:r Cumpllj Cogenerador
ostarsur A UigTE = E

9/15/2024



2 Hurricane Majia made landfall on September 20, SANJUAN
¥ 2017in Puerto Rico as a,‘-c‘étego_ry 4 hurricane. ;

PUNTA LINA
WIND FARM

|
ECOELECTRICA
NATURAL-GAS
PLANT

GOES-FLOATER VISIBLE -

s PhetorErika P. Rodriguez

Hurricane Maria Effects on Puerto Rico Electric Power Infrastructure - A. Kwasinski, F. Andrade, M. Castro-Sitiriche, and E. O’Neill-Carrillo
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Microgrids in Puerto Rico’s Reconstruction =) Q
After Maria.... ey =

" Location of last 28,814 homes reconnected to the grid, partial

7
“ 75 a3 - %
% el _ - o
e i -y V! - > R p I - -
5 { . o
Y | S 5.’ A s RPRZONL \ N 7
" J » \ | 2 - ) )
1 <r% g
5 ‘] {3 ., —— % ~ Y
|0
W
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Puerto Rico’s context

After a disaster, rely only on your community

* Hurricanes & earthquakes
e Usually, impacts to T&D & centralized power plants respectively

* Humid, hot, corrosive, drought conditions, strong/extreme winds
(storms)

e Dated, conventional, low-inertia power systems

* Resilience is not valued properly

e Poor power quality

* Context and solutions are different from continental locations

* Market pushes unsuitable “solutions”, causing implementation problems,
maintenance issues and confusion

* “Poison the well” effect for other sustainable solutions

E. O’Neill-Carrillo, Miguel A. Rivera-Quifiones. “Energy Policies in Puerto Rico and their Impact on the Likelihood of a Resilient
and Sustainable Electric Power Infrastructure,” CENTRO, Journal of the Center for Puerto Rican Studies, Hunter College, no.
3, vol. 30, 2018.

9/15/2024


https://epics.ieee.org/solar-power-aid-puerto-rico/

Lessons from hurricane Maria IRl <—r

Why did the power system fail? Why the slow response?

* Centralized electric system, Hurricane cat. 4 (1 mile shy of being cat. 5)
* |slanded system, no external support
* Transmission system (230kV, 115 kV) destroyed in the eastern half of Puerto Rico.
* No way to supply the north (highest demand) from power plants in the south
* Distribution systems (13.2, 8.32, 7.2 & 4.16 kV) destroyed or damaged in most areas
* Quotes from Federal leaders in charge of response

* “Figuring out what we needed, took us a long time”, “Should have used regional communications
from the beginning”, Described the organizational interactions as a “spaghetti chart”, “Number of
voltages in the system, the diversity of components, was a logistical nightmare”

* FEMA had no plan for a disaster like this in Puerto Rico
* Slow state government response, lack of proper planning
* For example, over-reliance on cell phones and the internet
* Focus on the San Juan Metropolitan Area
* Forgotten: Western and Central regions remained uncommunicated for days

9/15/2024 63




Lessons from hurricane Maria

What can be done

* Need to re-think disaster response in Puerto Rico
* Need to create a shared disaster response vision
* Must get away from traditional contingency planning, into resilience
planning
* Better management; need to communicate as frequently as possible
* Avoid keeping people “in the dark”
* Must harden supporting infrastructures (e.g., communications)
* Standardization is critical to build a system that can be restored quicker
* Limit North-South transmission over the mountains

* The centralized electric power model is insufficient
* NEED FOR A RESILIENT, DECENTRALIZED ELECTRIC POWER SYSTEM

E. O’Neill-Carrillo, et al. “Stakeholder Perspectives on Increasing Electric Power Infrastructure Integrity.” ASEE Annual Conference, June 2019, Tampa.

A. Kwasinski, et al. "Hurricane Maria Effects on Puerto Rico Electric Power Infrastructure," in IEEE Power and Energy Technology Systems Journal, vol. 6, no. 1, March 2019
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Rooftop PV Systems £y Q

Solar communities and community microgrids for resilience

Citizen Social and .
empowerment » Technology » environmental » Sustainable
i justice energy

Beyond technology: communities, with appropriate partnerships, can further local socio-
economic initiatives to achieve energy sustainability, social and environmental justice.
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Solar resource in Puerto Rico )
Estimated average insolation in Puerto Rico, kWh/m? per year =
Barcelonet Vega Baja Toa Baja i
Quebrad|llas Hatlllo Manati ega Alta Catan S2siina Canovanas
4 Q"-‘.\ \ ,,%_}YDorad
1
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R it umacao
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Integration of Distributed Solar

25%, 50% and 75% PV penetration

* 5,000 MW new PV >

 Batteries ~5,300 MWh a 11,400
MWh

 Distributed Solar + Batteries
dominate in scenarios with higher
penetration.

* Fast-track retirement of older fossil
fleet (coal & oil)

Installed Capacity (MW)

Installed Capacity (% of Total)

12,000
10,000
8,000
6,000
4,000
2,000

100%
20%
60%
40%
20%

0%

50%
resilient
homes

'

BASE 25% DER

I
BASE

25% DER

ECoal mCC WMS5T MGT W Hydro

75%
resilient
homes

.-/ == \".
E @ T A
24 I?_
SEC(
100%
resilient
homes

!

50% DER

50% DER

'

75% DER

75% DER

| Wind Solar Battery
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Generation profile

Significant change in daily generation
Current 25% DER 50% DER 75% DER
4000
3500
3000
2500
2000
1500
1000
500
; One Day One Day One Day QOne Day
_— oal [ 3 — ] . — [k CC [ ol L (— ]
&1 i Hydro Wi ]| — Hydro - Wind 51| — o Wind &1 — Hydro  —Wind
Solar Storage Load Solar Storage Load Solar Storage Load Solar Storage Load

v Batteries supply peak demand in the afternoon/night and the mornings’ ramps.
v Combined cycle fleet increases output to replace coal and older oil plants.

v Fossil fleet is reduced, main role in the 50% & 75% scenarios is regulation.
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Distribution System Analysis &y =
912 feeders modeled (1,097 total, 89% of line miles)

 GIS data from the utility. OpenDSS
model show to achieve 75%
renewables we need:

* For line voltage or thermal
violation change conductor (if
change of conductor exceeds 2
sizes re build line) — 15%

* For transformer back flow > 125%
nominal for > 500 h change
transformer — 4%
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Integration of Distributed Solar =

Very high penetration of distributed, rooftop solar
photovoltaic plus batteries is feasible with modest

investment in distribution system (relative to IRP)

« Deployment of 100% residential solar rooftops + batteries will provide 2700 MW,
adding commercial (rooftop and carports) allows generation of 75% of total annual
energy demand from renewable sources by 2035.

« fossil fuel imports reduced by S600 millions annually most fossil fired generation
retired

* 70% reduction of CO, emissions

« Dependency on transmission systems is significantly reduced

* Costis less than the proposed IRP...
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Recommendations

Planning and Operational Practice of Distribution Systems

* A more distributed power system in island, coastal, and remote

communities
e Solar communities and community microgrids

* Distributed energy for local resilience

* Widespread use of onsite renewable energy to yield LOCAL economic,
social and environmental benefits

* A new role for conventional power system components

* A trained workforce, and an informed and active citizenry

* |n Puerto Rico: Rooftop PV + storage residential cost (~ 20 cents/kWh) is
less than grid price (34 cents/kWh today)

* Electric vehicles
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Master's Thesis: Feasibility analysis of microgrid implementation in r.’ﬁ’i“;??-.o
compliance with the Puerto Rico 9028-PREB Regulation. N5

-\-.-.

SEC

Deliverables / Platform Des1gn\ / Results \

. Functional models (PV, battery, CHP models) of different

distributed generators in MATLAB/Simulink (running in ?
OPAL-RT). e ;
*  An extensive repository of MATLAB scripts and Simulink S =i=1 f s .@ " §

block diagrams to implement new possible scenarios such ' cotw ] s
as: ramp rate strategies, system behavior, load demand ﬂ‘;ﬁ—% =re=eE | : 1!'7 =
and model behavior, etc. Lv ‘ =

W o

-150
3 A o | A0 12:00 D:n 1200 =00 e
_:_ e " S || =y A © 223476
= E;;} T A ek o = | = L 0 222,471
B oRaLRT - 3 RS el et ’ 2223000
OPAL-RT OPST00 B Z::
CHP model O = ;m.ml
= O 2223440 ..
UFAL'RT é 2223441
= PAL: — e
et 416KV 0 L0V g 236
. RT-LAB Softwa ViooR N £
[ | [ ; e Load p
5 Wi i £ ;23420
< - T ‘\,, /{\-,,, - % 2223421
. WY ALY ]
: i Y TN
(‘ itput Data N : /7 Disuibution Line

R T
\ R ,: '\‘ _;1\ i 200 00 R0 000
! l I " S 436KV 8v
> » nput Data GRID (38kV) Lo Threc Phase Load
-— Y NALS
‘ ) / /m

Battery model

Sandia
@ Plaat}g;g?cllries *One publication whit Sandia National Laboratory (In progress).

PV model
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Master's Thesis: Methodology to Implement a Microgrid in a University Campus iﬁf_'\ LRI "f} Q

v 9 : () - o
behavior
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Master's Thesis: Methodology to Implement a Microgrid in a University Campus
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Comparison between scenarios

Scenario Mode Total Installed Capacity per Estimated Initial Cost
m1crogr1d [MW)] [M1]110n USD]

" Fuel Consumption per year )

3+3.94 5+4.7 Scenario 3
0.8 1.7 Natural Gas $ 191,000

Islanding
Propane Gas § 734,000
PV-+Bat+CHP 1.4+1.5+0.4 2.4+1.7+0.8 P 3 734, J
P
Scenario Mode Need Area [m?] usterity Average duration per
Days State
day [hours]

_ Grid connected 10,000 N/A N/A

PV+ Bat 21,000+1,600 Yes Yes 2.75
CHP Islanding 9 Yes No 0

PV+Bat+CHP 10,000+625+12 Yes Yes 1.48
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Master’s Thesis: Optimal Integration Of Photovoltaic Generators Into The ngeﬁ@\l Q

Fall __‘4

Rico Electrical Network N SEC

Modeling of electrical systems
g opuuianvia yayues oaivua { - " Motk N
o - o, Lo Fomer Solve power flow
& e LD 07 1‘. West Detention Cente i" L Operation
:{p 2 Eﬂsa;:rts\ifszi;adal | Aead £ | Spenlsd POWGI' IOSS
£ B le u & p:q'va 6'“9 T Voltage profiles
\ - ", uhoz vera 1 ) .
& s LB ] 17 oo I Load naw prafil 3 I Fails analyze
| € % \eo? 27 Al | chames Afrfrr R Interface with MATLAB
- ancii er factor
3 e = Data analyze
o o | seweshesrsss || Digtribution system analyze
lez 5 | Calvuilate tha unbalande T |'ﬂ
9
New Luis Mufioz | Cxpors tha datato s fila |
gem:Primady School °Parque Manantiales
Optimization methodology
Implementation of optimization algorithms
Crow Search Algorithm Optimal location
Location and and size of PV

Location | generator units
Size —_— O ~

=

Distribution system

Optimization size?
Algorithm — (1750
function value

Successive Approximation
Power Flow Method

PV generator units

Slave stage

! v v v
Genetic Differential Particle Ant Colony Artificial Bee ﬁ& SOI ar potenti a| Study

Algorithm Evolution Swarm Optimization Colony . .
Algorithm Optimization Optimization Optimal location of PV study

Total annual operating costs
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Master's Thesis: OpenDss with Python and Matlab interface to simulate |f.fjf_7‘;§ Q

L

Adjuntas microgrid == <EC

-\-.-.

Demographic System Description

*  Adjuntas is a town of Puerto Rico
. In the downtown, there are commercial and residential buildings
. On the rooftop of each building, there are solar photovoltaic panels

" uina Q
; encasa cannabis

Cooperativa de Adjuntas o

1 Substation 8202

2 Triphasic and 6 Monophasic Transformers
39 buses

64 Lines about 2 Miles of total length

2 Residencial and 13 Commercial loads

10 PVSystems
Battery Storage System missing

Funeraria
Marqueta El Tarnanndoo Carmen Memorial

o 4

18,1655

18.165 -

18,1645

18.164 -

= IR.1635 -

Yi(Latitude)

18.163

18,1625

18.162

181615 L - - - -
-6, 729 -66.728 66,727 -66.726 -66.725 -66.724 66,713 -56.722




Master's Thesis: Thesis: Analysis of the Solar Energy Potential on Roofs foif_-';'Agf_-'\j Q
L_ow-Income community in Mayaguez Puerto Rico. S T,

="/

/ n s | b \\\;\ 2 ’\\' ” f 3
. ESERNNL

~ L3 fe

Photo: Fabio Andrade, June 2020.
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Master's Thesis: Thesis: Analysis of the Solar Energy Potential on Roofs forA' Q
Low-Income community in Mayaguez Puerto Rico. N5 oo

Photo: Fabio Andrade, June 2020.
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Master's Thesis: Thesis: Analysis of the Solar Energy Potential on Roofs for A Kj; Q

Low-Income community in Mayaguez Puerto Rico.
Current state of the rooftops.

il
Al I|1arllll'l1"i’|l'|"",", Im'
| |"\'||II|"»’||'|I'||.’»| I ,'; i
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Master's Thesis: Thesis: Analysis of the Solar Energy Potential on Roofs fo/'\ gﬁ\l

Low-Income community in Mayaguez Puerto Rico. S SEC
Data collection

* The community was divided into
33 sections as shown in Figure.
Each section has an average
between 30 and 50 houses.

Barrio la Salud

Section Houses

33 1188
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Low-Income community in Mayaguez Puerto Rico. =4 SEC

Solar potential map.
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Example:
Castaner Microgrid (Pilot

;‘i;

T\

B

Supermarket Mega Fresh | &

¥ - El Tesoro

b 5 Castafier Bakery
2 O
@ 66

e

=

Restaurant El Sartén de Fary
e
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Energy Demand () Q

N 4 SEC
Building Demand (kWh)

Beauty Salon Regia 6
Private post office 4

Juny’s Barber Shop 34

La Alborada Bakery & Restaurant 97
House 5
Apartment 5

Total 151
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Cost without microgrid

* Normal conditions: $S0.24/kWh (currently, S0.29/kWh)
Cost without microgrid (from utility)

$1,000 per month ($12,000 annual)

e After hurricane Maria: $1.20/kWh
Cost of electricity without microgrid (back-up generator)

$5,350 monthly ($65,000 annual)
* Cost of diesel: $0.68 per liter
* Liters per hour: 10 L

e Annual demand: 55 MWh
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Normal conditions: Cost with microgrid

e Similar to electricity from the utility before (currently, below)

e S0.24/kWh
e Estimated investment: $180,000




RESILIENT OPERATION OF NETWORKED COMMUNITY
MICROGRIDS WITH HIGH SOLAR PENETRATION

i ~ SEC
bY ) U.S. DEPARTMENT OF O_ﬁ-ICe 01_
@ ENERGY
& A

o <
e o W

Science
(?-’ A £
of a microgrid controller (MGC) that coordinates the cluster g
operation of the Adjuntas MG to achieve high resilience and * *‘
cost-effective operation. Two operation modes are T'
considered: normal and self-healing. :

Map from https://cambiopr.org/solmastechos/
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Example: Adjuntas Microgrids &
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The main loads are being
monitored; the meters collect
voltages, active and reactive
power for each of the phases.
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Simulink Model

Muebleria Abreu, La Feria Gift Shop and Super Mueblicentro, Digital Point, Ferreteria Osvaldo and
Optometry World: Santa Ana Street Panaderia Adjuntefa:
e Santa Ana Street, Luis Munos Rivera Street and 5516 Street
ystem_Optometry

Farmacia Profresional:
Between Calle 123 and Calle Santa Ana

o

PV System_Farmacia

PV System_Super_Mueble_2 - By |
[(Ef ] -
LS PV System_Digital_Point

PV System_Super_‘MueBIB'j“"’

LB ©

q = C
c C

Digital Point

B
B
B A

1T ¥ T :

o ‘ i
Distribution Transformer = b C
I diisninc La Feria Gift Shop = s“i: er Muebleria Ferreteria Osvaldo
— m
PV System_Abreau A | H b

Substation ADJUNTAS 8202 EE Qt:j: B

Muebleria Abreu r[f, E ystem_Panaderia
1
C :
c

[*9]

Fuse_Systers_Logic

o

A

e B e T

c c

> >/

C

Panaderia Adjuntena

Plaza Publica de Adjuntas: Church, Lucy's Pizza and Offices
San Joaquin Street and Cesar Gonzales Street
Variables Display PV System_Lucys_Pizza_2

== MR

PV System_Lucys_Pizza_1

[ e

; ]
k .:glg o
Lucy's Pizza
'A—
E 3 :
B
PV System_lglesia Church
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