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Agenda

ü Community-resiliency through solar-Based, community-owned 
Microgrids in Adjuntas Puerto Rico

ü Adjuntas Microgrid Operation blue-sky, storm, hurricane. Results and 
operation strategy

ü Networked microgrids. DC-interlinks as feasible solution to seamless 
network microgrids, laboratory validation 480V microgrid. 

ü Example of ORNL research: How interconnecting microgrids improve 
resiliency

Resiliency Center and work force development
Adjuntas, Puerto Rico

Credit: Casa Pueblo
Artist: Antonio Martorell Cardona 



Team Resources
ORNL: Ben Ollis/ Maximiliano Ferrari

STAFF: A. Sundararajan. G. Liu. D. Herron

V Project Management

V Architecture development integrated on CSEISMIC

V MG coordinator design, integration with ELM MGC

V HIL Validation and integration of partners technologies

V Hardware validation COMMANDER

UPRM: Fabio Andrade/ Gerson Beauchamp
Students: 2 GRA/3 Years. 4 Undergraduate

V Microgrid Architecture and data acquisition

V Inverter control for microgrid networked operation

V Community outreach

UTK: Fred Wang / Yiwei Ma
GRA: 2 Year 1, 2 year 2, 1 Year 3.

V Dynamic boundaries

V Algorithm validation in HIL and Universal grid -

emulator hardware testbed (HTB)

UCF: Aleksandar Dimitrovski
GRA: 2 Year 1, 2 year 2, 2 Year 3.

V Self-healing and adaptive protection for networked 

microgrids

V Algorithm validation in HIL and Resilient Intelligent 

and Sustainable Energy Systems.

Casa Pueblo: Arturo Massol

V Host Institution

V Provide access to Adjuntas Microgrid

V Community Outreach

The Honnold Foundation: Cynthia Arellano

V Support with project management 

V Interaction with partners in PR

V Community Outreach
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Adjuntas Microgrid Projects

ü Adjuntas experienced a prolonged power outage (~6 months) after 
Hurricane Maria in 2017. Casa Pueblo and the Honnold Foundation 
lead the construction of two solar-based community microgrids in the 
town square. 

ü Microgrids serve as a resiliency hub during natural disasters, reduces 
reliance on diesel, and lowering electricity costs for 15 businesses.  3 
months islanded operation

Å ORNL and Casa Pueblo are launching a new "Resiliency Center" 
microgrid to train the local workforce, power homes, and enhance 
infrastructure to support the community during natural disasters

Figure 1: Microgrid Adjuntas Town Square. 
Two Microgrids, 200 kWdc, >1MWh ESS. Commissioned thanks to Casa Pueblo and 

Honnold Foundation

Figure 2: New microgrid sponsored by project, will serve 7 residences, allow networked 
operation, and be a space for workforce development. Planned completion, December 

2024. Sponsored by Casa Pueblo and ORNL

ORNL Lead Research

ü Propose controls and hardware for network microgrid 
operationΣ ǾŀƭƛŘŀǘŜ ǘƘŜƳ ŀǘ hwb[Ωǎ DǊƛŘ-C Network 
Microgrid Testbed DC and AC interlinks for networked 
microgrids 

ü Field demonstration, includes a new microgrid installation 
that will serve as workforce development and 
demonstration site for ORNL technology



Funded by:

This presentation may have proprietary information and is protected from public release.

(EAST BLOCK)

5 BUSINESSES

~76kW  PV generation

~660kWh  ESS

-Pharmacy

-Church 

-Pizzeria

Microgrid (NORTH BLOCK)

10 BUSINESSES

~90kW   PV generation

-Furniture shop

-Souvenir shop

-Furniture 

-Bakery

-Cyber cafe

-Hardware Store

Critical Infrastructure Pharmacy



Months in island Blue-sky Storm

State of Charge 

PV Power

Load

ESS Power

Low PV

Blue-Sky, Gray-Sky: North-East Microgrid
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Research on Networked Microgrids
Microgrid Orchestrator



Introduction to networked Microgrids

Todays Grid

Mainly Centralized Generation
Distributed generation (residential/commercial/utility)

Some microgrids in the distribution

Tomorrows Grid

Higher contribution from distributed resources (PV/wind/Solar)
utility scale energy storage 

Higher number of microgrids, residential, commercial, utility

Multiple ownership modelsand technologies create fragmentation

Tomorrows Grid. Networked

Higher contribution from distributed resources (PV/wind/Solar)
utility scale energy storage 

Higher number of microgrids, residential, commercial, utility

Interoperable
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Protection

Power Electronics

Interconnection Type

Control

Optimization /
Forecast

Ownership Model
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Building Blocks: networked microgrids

Grid-forming or Grid-following?Protection: Adaptive/communication based?

16 panels

18 panels

18 panels
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12 panels

12 panels
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12 panels

12 panels

6 kWDC

5 kW AC-1ph

SolarEdge SE5000H-US
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15 panels

15 panels

8.4 kWDC

7.6 kW AC-1ph

SolarEdge SE7600H-US 
2 MPPTs

Panaderia (Bakery)
40 kW DC , 43 kW AC
41% MG Generation

Abrew Showroom

6 kWDC, 5 kACW

6% MG Generation

18 panels

18 panels

18 panels

18 panels

18 panels

18 panels

13.5 kWDC

14.4 kW AC-3ph
SolarEdge SE14.4KUS
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14.4 kW AC-3ph
SolarEdge SE14.4KUS
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14%

14%

14% 

6%

6%

9%

6.2 kWDC

5 kW AC-1ph

SolarEdge SE5000H-US
2 MPPTs

18 panels

18 panels

7.2 kWDC

7.6 kW AC-1ph

SolarEdge SE7600H-US
2 MPPTs

18 panels

17 panels

6.2 kWDC

5 kW AC-1ph

SolarEdge SE7600H-US
2 MPPTs

11 panels

12 panels

Super Muebleria

(Furniture Store)
26 kWDC, 20 kACW
20% MG Generation

7%

7%

6%

Giftshop

6 kWDC, 5 kACW

6% MG Generation

Optometry

6 kWDC, 5 kACW

6% MG Generation

9 panels

9 panels
4.5 kWDC

3.8 kW AC-1ph

SolarEdge SE3800H-US
2 MPPTs

15 panels

15 panels

7.5 kWDC

5 kW AC-1ph

SolarEdge SE5000H-US
2 MPPTs

Ferreteria (Hardware Store)

6 kWDC, 5 kACW

6% MG Generation

5%

8%
Giftshop

6 kWDC, 5 kACW

6% MG Generat ion

75KVA 1ὲ XFMR 

480V 1ὲ PRMARY 

120/ 240V 1ὲ SECONDARY 

35KVA 1ὲ XFMR 

480V 1ὲ PRMARY 

120/240V 1ὲ SECONDARY 

75KVA 1ὲ XFMR 

480V 1ὲ PRMARY 

120/240V 1ὲ SECONDARY 

75 kVA 1ὲ XFMR 
480V 3ὲ 3W PRMARY 120/208V

3ὲ 4W SECONDARY 

44 panels

45 panels
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37.8 kWDC

33 kW AC-3ph
SolarEdge SE33KUS

3 MPPTs

13 panels
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7.6 kW AC-1ph
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6.2 kWDC
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Church (Iglesia)

38 kW DC , 33 kW AC
50% MG Generation

LucyΩs Pizzeria 

25% MG Generation
19 kWDC, 17.6 kW

17 panels

17 panels
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7.6 kW AC-1ph
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17 panels

17 panels
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Pharmacy

25% MG Generation
19 kW, 15.2 kW

50%

9%

8%

8%

12%

12%

ELM Controller 1 ELM Controller 2

YY

480 V

Synch-check relay + Breaker

800V dc
1000 FT

LC LC

Primary Ctl Primary Ctl

Pac Qac_1 Vdc Qac_2
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25% MG Generation
19 kW, 15.2 kW

50%

9%

8%

8%

12%

12%

ELM Controller 1 ELM Controller 2

YY

Droop
virtual Impedance

Lv 1

Lv 2

Lv 1

Short-AC
3-ph

Short-AC
3-ph

Microgrid-to Microgrid
Interconnection Type (AC or DC)

Logical Control: 
Startup/Preventive Strategies/ Networking process etc

Optimization/Forecast

Multiple possible Ownerships
Limits controls/optimization/etc

credit: Aditya Sundararajan 

Energy Storage Systems (ESS) Control
Multiple ESS, Multiple Control Options
One Grid Forming?
Or, all in Grid Forming? 
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ORNL Networked Microgrid
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ID=8 ID=7
ID=6
error

voltage

Ferreteria Osvaldo Panaderia

ID=5
error

voltage

ID=4
error

voltage
ID=3 ID=2

ID=1
Blocked

RS1

Super Muebleria

Resistor 

terminated

digital point Panaderia Panaderia

Resistor 

terminated

Super Muebleria Super Muebleria

RS=2 
(SolarEdge protocol)

ELM

RS=1 

(Must be Unblocked
See Slide 2)

??

From Field to Laboratory
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Active Load and PV Generation emulation  

Data collected in the field:
 Pharmacy, Adjuntas

PV generation data from 
Distributed PV, Adjuntas. 

Data collected (offline)
Used in emulators

Adjuntas, PR

ORNL, Grid-C


