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Microgrid Definition

Main Attributes: 

• Pre-defined boundary
• Including loads
• Including DERs
• Coordinated controls
• Operating in parallel to or 

isolated from the grid

Boundary



▪ Area EPS: Utility system

▪ POI: Point of Interconnection of a Utility 
microgrid to the rest of Area EPS

▪ PCC: Point of Common Coupling: 
interconnection of a facility to a utility 
system

▪ DER: Distributed Energy Resource

▪ IBR: Inverter-Based Resource

▪ Point of Demarcation: change of ownership

▪ Nameplate rating: Maximum capacity of 
generation and energy storage systems 
inside the microgrid boundary 

▪ Islanding (unintentional and intentional)

▪ Black start: Starting a DER to form an off-
grid system and pick up load

▪ Seamless transition: state of transferring 
microgrid from grid parallel to off-the-grid 
without disconnecting microgrid DER

Terminology

Grid R

Load Load

POI

ESS



Microgrid Characteristics
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Microgrid Components

Microgrid Load

Microgrid Generation

Microgrid Interconnection Equipment

Protection, Control, and Communications



Microgrid Loads

▪ Load classification is used to ensure critical customers are always 
served.

▪ Load sectionalizing and load shedding may be applied to extend 
microgrid operation in Island model, or to recover voltages and 
frequency in response to sudden changes and contingencies:

• Loss of generation or sudden load change

• Faults and loss of a microgrid section

• Unintentional islanding   

Main PR critical loads
Hospital
Storm water pump
Critical water supply/treatment
AAA Facility
Shelter/Town center
Police/Army
Fire station
Communications facility
Airport
Seaport



Microgrid Load Models

▪ Proper representation of load in a microgrid study plays important 
role in the results and findings:

• Load type: ZIP coefficient (% of constant Impedance, Current, or 
Power)

• Motor load: percentage and largest motor load within microgrid

• Non-linear load: incorporating load harmonics

• Total connected kVA (total size of service transformers)

– Inrush and cold load pick-up

▪ A microgrid theoretically has many of the same complex dynamics 
of a large power system. Oftentimes, load flow studies are not 
sufficient and EMT studies are needed. 
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Microgrid Generation

▪

•

▪

•

▪

•
Diesel%2520Generator
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Microgrid Interconnection Equipment

▪

•

▪

•

•



• Remotely Controllable Switches and MV breakers/reclosers

• LV Circuit Breakers

• Protection System (IEDs and switchgear)

• Metering Equipment/System (AMI, PMUs, PQ meters)

• Communication System (fiber, radios, routers, etc.)

• Sensors (instrument transformers, fault indicators, etc.) 

Microgrid Control, Automation, and Communication Equipment



The Energy Storage System (ESS) is the Heart of the Microgrid

• When no conventional sources of generation are present, the ESS is used as a dominant source for 
supplying customers during the loss of the main grid and grid restoration process:

• ESS power rating is determined by the load that needs to be served during an outage 

• Depending on the load and outage duration, ESS energy capacity typically ranges from 2 hrs to 8 hrs

• During island operation, ESS provides: 

• Voltage & Frequency regulation

• Fault current: some products can provide as high as 1.5-3 times rated capacity for 5-10 sec

• During normal (grid connected) operation, ESS can be used for:

• Peak shaving and load management

• Voltage support

• Renewable firming

• Other ancillary services



• Predominantly: three leg, three wire system, using power electronic switches (8 kHz +)

• 4‐Quadrant Operation (P Charge/Discharge, Q inductive/Capacitive)

• Liquid cooled or air-cooled

• IBR: FERC terminology for Inverter-Based Resources (IBR), which also covers ESS inverters 

Bi-directional Energy Storage System Inverter 

500 kW Inverter 
(EPC Power)

IGBT switch

480 V ± 10% Vac

750 – 1000 Vdc

AC filter 

Pump

DC Circuit Breaker

Heat Exchanger

AC CB

Ground 
Fault 
Detector 
(GFD)



Types of Microgrids
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Microgrid Topologies

Neighbor 

Feeder

Transformer Station

or

Municipal Station

Normally 

Open Tie

Capacitor Bank

Low Voltage 

(120/240 V)

Medium Voltage

(27.6 kV, 13.8 kV, 4.16 kV)Load Tap 

Changer

PARTIAL FEEDER

MICROGRID

SECONDARY SYSTEM

MICROGRID

SINGLE CUSTOMER

MICROGRID (MEDIUM 

VOLTAGE)

FULL FEEDER

MICROGRID

SUBSTATION

MICROGRID

SINGLE CUSTOMER

MICROGRID (LOW 

VOLTAGE)

DER

DER

DER

DER

DER

DER

DER

DER

DER

Meter

Meter

Single-Customer Microgrids

LV BTM (Residential)

MV BTM (Industrial)

LV Community (Secondary)

MV Community

Partial Feeder

Full Feeder

Substation (or larger)

Multiple-Customer Microgrids

Utility Microgrids

Utility Minigrids

SUBSTATION
MINIGRID



Customer Microgrids (BTM)

Boundary:

▪ Single or multiple facilities under one 
customer account - owned by a single (legal) 
entity

▪ Power delivery to the end load does not 
involve utility assets

▪ Exports power to area power system (no 
wheeling)

Ownership:

▪ Customer owns and operates all the asset 
(clear point of demarcation)

▪ Utility may control Connection/Disconnection 
at the Point of Common Coupling (PCC)

Use Cases:

▪ Reliability, Cost Saving (demand charges or 
electricity rates)



Utility Microgrids

Boundary:

▪ Multiple customers on single or multiple 
distribution feeders

▪ Multiple DERs in FTM or BTM: rooftop PV, 
Energy Storage, conventional generation 

▪ Electrical and thermal loads

Ownership:

▪ Utility owns the distribution assets

▪ Utility operates the MG

▪ Third-Party owns DERs

▪ Utility or 3rd party owned BESS

Use Cases:

▪ Reliability, Resiliency, Decarbonization

Office 
Building 

(0.6 MW)

Hospital
(3 MW)

12.47 kV
Substation

Gas Station 
(0.2 MW)

Grocery Store 
(0.5 MW)

Hotel 
(0.7 MW)

NG

POI

Energy Storage

Natural Gas

Office Building

School & Shelter

Grocery Store 
with Pharmacy 
& Gas Station

Hotel

Ground-mount or 
Solar Carport

Fire Station

Heat 
Recovery

Distribution 
System



Microgrid Types – as per Puerto Rico Regulation 9028 
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Type 1: Personal Microgrids
• A microgrid owned by no more than two persons 

producing energy for consumptions by its owners
 

Type 2: Cooperative Microgrids
• Joint ownership of a microgrid by three or more 

cooperative members for providing Energy Services 
or Grid Services to its own cooperative members

Type 3: Third-party Microgrids
• A microgrid that is not a Personal or Cooperative 

microgrid and which is owned by a person or several 
people for the primary purpose of Selling Energy 
Services or Grid Services to Customers  

Three types of customer microgrids:

Example: Home Energy 
System (Solar + Storage)

Example: University 
Campus, subdivisions, or 
apartment buildings

Example: CHP or Energy 
Storage facilities 

Note: Microgrid size per interconnection is limited to 5 MW

Example: Castaner Microgrid



Technical Aspects
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Microgrid Design Challenges 
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Generation Sizing and Operating Strategies

- Optimization of renewable energy contribution – GHG reduction

- Fuel saving strategy

- Fossil fuel genset minimum load requirements

System Stability and Coordinated Control

- Angle and frequency stability issues – particularly with high 
penetration of renewable (non-controllable) sources

Power Quality & Safety

- Large voltage and frequency variations possible

- Harmonics due to IBR supply

- Temporary overvoltage during faults or load rejection

- Non-Intentional Islanding risk (!)



• Microgrid performance targets and functional requirements determine the design and 
operating strategy that needs to be adopted for the microgrid system

o Reliability and resilience requirements 

o Reducing sustained outage duration

o Fast recovery after a failure (reducing interruption time)

o GHG reduction 

o Increasing renewable energy penetration

o Energy efficiency and loss reduction

o Power quality enhancement

o Cost saving, through coordinated controls 

o Others?

System Health 
& Monitoring 

Prediction

Disturbance 
Detection & 
Protection

Islanding & 
Stabilization

Voltage & 
Frequency 

Control

System 
Restoration & 

Re-Sync.

DERs

Loads

Microgrid

Microgrid Operating Strategy



• At a minimum, a microgrids should be able to 
operate in two steady-state modes:

o Grid-connected mode (Normal or Abnormal 
configuration)

o Islanded mode (Planned or Unplanned 
islanding)

• The microgrid core function during steady-state 
operation is basic energy dispatch (‘Dispatch’ 
function).

• A microgrid needs to manage the transition 
between the steady-state operating modes safely 
and reliably (‘Transition’ function):

o Disconnect: Grid-connected → Islanded (break-
before-make Vs make-before-break)

o Reconnect: Islanded → Grid-connected (Active 
synchronization Vs Passive synchronization)

Microgrid Operating Modes

Dispatch 

(Grid Connected)

Disconnect

Dispatch

(Islanded)

Reconnect

• Power Balancing
• Load Management
• POI Power Management

• Planned Islanding
• Unplanned Islanding

• Synchronization
• Reconnection

• Management
• Optimization



Microgrid Control Layers

Communication Infrastructure
Potential communication architecture and 

associated requirements

• Protection and inverter 
built-in functions

• Islanding
• Re-Synchronization
• Basic Dispatch
• Load Restoration
• Black Start
• System Protection
• Power Quality
• Emergency Demand 

Response

• Optimal economic 
dispatch

• Power flow 
management



Historian

DERs

Microgrid Controller

Edge Devices

Loads

IEDs

SCADA/DMS
HMI

ISO/DSO

▪ Microgrid control systems could be 
centralized or distributed.

▪ Microgrid communication system could be 
dedicated or meshed networks.

▪ Monitoring nodes within the microgrid play 
critical roles.

▪ Sensors with intelligence measurements are 
gaining more attention for microgrid and 
advanced automation applications. 

Microgrid Control System Integration

Microgrid Controller (managing an active network) should communicate and control with 
Utility Dispatch (SCADA/DMS)



Grid-connected Protection

▪ Normally higher fault current levels

▪ But lower fault current from substation

▪ Bidirectional flow of power

▪ Coordination with DER FRT and VRT

Islanded protection

▪ Reduced short circuit current level

▪ Fault current characteristics of DERs

▪ System grounding (safety and performance)

Interconnection Protection

▪ Protection against external faults

▪ Transition management

▪ Disturbance ride-through requirement o DERs

Many Solutions Exist – This is a Very Active Research Area

Microgrid Protection

RecloserB

(Normally 
Open)

13.2 kV

RecloserA

DG

Adjacent 

Feeder

The recloser has 
tripped on its first 

instantaneous shot, 
now the DG must trip 

before a fast reclose 
is attempted by the 

utility

Islanded Area

RecloserB

(Normally 
Open)

13.2 kV

RecloserA

DER

Adjacent 

Feeder

The recloser has 
tripped on its first 

instantaneous shot, 
now the DG must trip 

before a fast reclose 
is attempted by the 

utility

Islanded Area

POI 
Protection

Islanded 
Area



• Impact on Utility infrastructure and equipment

• Impact on protection and control of Utility assets

• Impact on Utility asset operation and maintenance

• Safety considerations

• Monitoring and telemetering

• Verification and testing 

• Standards and guidelines (compliance / Certification)  

Interconnection Technical Requirements Created by LUMA as part of TIR

Operating Modes

Microgrid Control System

Synchronization

Black Starting

Generation Dispatch

Voltage Control

Frequency Control

Power Quality

Protection

Metering

Safety



Example in LUMA: Vieques and 
Culebra Networked Microgrids
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Multi-Island System
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Submarine 38kV Subtransmission

3 x 4.16 kV feeders

2 x 4.16 kV feeders

Vieques

Culebra

Main island of PR



Today’s Challenges and LUMA’s Microgrid Solution

• After Hurricane Maria, Vieques and Culebra 
experienced a long outage. 
o Culebra experienced a 44-hour outage 

until its diesel plant was fired off. 
o Vieques was without utility power for 

nearly three months.

• Today, most outages are those that involve 
the sub-transmission line on the main 
island of PR.
o The Diesel plants in V&C are not started 

unless local ops foresees a long outage as 
switching is done completely manually.

o For the past two years, about 24 sub-
transmission line outages were recorded. 
Over 80% of them were less than 1 hour.
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Vieques Resources:
o 12.5 MW PV

o 8 MWh BESS

o 10 MW biofuel thermal plant

Culebra Resources:
o 3 MW PV

o 4 MWh BESS

o Diesel plant retrofit

Microgrid controllers, telecommunication infrastructure, new 
switches, reclosers, breakers.



LUMA’s Microgrid Development Approach

Power plant retrofits and 
Microgrid Controllers

Integrating future DER and 
other technology

Networked microgrids 
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PV1

FTM
BESS

Substation
Service 

Transformer

BESS 
Inverter

PV 
Inverter

PV 
Inverter

PV 
Inverter

BESS 
Inverter

Residential 
PV2

Residential 
PV3

(Legacy)

DER 
Gateway

MGC

DER 
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DER 
Gateway

DER 
Gateway SCADA

Wireless 
connection

Wireless 
connection

Wireless 
connection

Wireless 
connection

Wireless 
connection

BESS 
Inverter

DER 
Gateway

Wireless 
connection

BTM
BESS

Residential/facility microgrid
Community 
microgrid

Feeder microgrid

CHP

Delivering resilience 
benefits using 
existing assets

FEMA Approved application: 
15.5 MW PV, 12 MWh BESS,
10 MW Biofuel thermal gen

Eliminate all sub-transmission outages
Reduce energy consumption by 
over 70%



Technology Integration

• Modular architecture to bring resilience to 
the islands using BTM and FTM DER

• Integrate legacy DER and new DER to enable 
islanding or self-sufficient communities

• Integrating the controllable thermal 
generation and upgrading of protection 
schemes

• Microgrid controllers 

• Community engagement to ensure long-
term viability and buy-in
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Power Flow

• PSCAD

• Synergi

• CAPE 

• CYME 

• Matlab 

Stability & Special 

Studies 

Grounding & 

Protection 

• Performance/Effective 

Grounding

• Short Circuit Analysis for 

Islanded & Grid-connected 

• Protection Coordination and 

Settings analysis

• Black-start & Load 

Restoration

• Resynchronization 

• Seamless Islanding

• Clustering

• Flicker and RVC

• Cable/Cap Switching 

• Harmonic Analysis

Aspects of Microgrid Design: Microgrids Studies Overview & Outcomes 

• Static Load Flow

• Time-series Load Flow

Model 

Development
Sizing

• ESS

• PV

• Thermal gens



The Future of Microgrids in 
Puerto Rico
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The Future of Microgrids in Puerto Rico

• Microgrids have strong justification in the ongoing reconstruction efforts:

o Favorable benefit-cost-analysis when incorporating past major storms (i.e., Maria, Fiona).

o Microgrids play a role in the Puerto Rico decarbonization efforts towards 100% renewables.

• Microgrids are a technology that is part of the long-term resilience plans for 
Puerto Rico. Puerto Rico has been a focal point for microgrid development and 
related international attention.

• As a new technology, microgrids will drive new developments that do not 
currently exist in Puerto Rico: microgrid tariff, a modernized regulation, 
standardization, safety, and interoperability.
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Microgrid Drivers in Puerto Rico

Drivers Utility Customers

Reliability, resiliency, and security enhancements ✓ ✓

Community involvement ✓ ✓

Building a strong portfolio of sustainable energy measures (GHG 
reduction, energy efficiency, loss reduction, etc.)

✓ ✓

Preventing/reducing the need for installing or running 
environmentally unfriendly backup generators

✓ ✓

Supports business growth and job creation ✓ ✓

Significant reduction in outage times and loss of business ✓ ✓

Gaining knowledge of emerging technologies ✓

Safety and security ✓ ✓

Premium power quality and service differentiations ✓

Evaluating new business lines and service offerings ✓ ✓



Networked Microgrids (Vieques & Culebra)

Fact Sheet:
• Battery Energy Storage System (BESS)
• Microgrid controllers + Telco media
• Line equipment (Reclosers, Breakers, 38kV 

PMUs)
• Photovoltaic System (PV)
• Thermal Generation Plant Replacement in 

Vieques
• Retrofit generator controls on both islands
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Batteries PV Solar

Dual Fuel
Generators

Local Load

Project Highlights

• First networked microgrid in PR
• Microgrid studies and initial assessments suggest 

significant improvements in social burden
• Utility scale assets can integrate behind-the-meter 

resources
• State of the art technologies pertaining to power 

quality, protection, renewable integration, and 
resilience will be showcased in this project.



LUMA’s Support to the Community Development Block Grant-Disaster Recovery 
(CDBG-DR) Electric Power Reliability and Resilience (ER2) Program
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• The Puerto Rico Department of Housing (PRDOH) implemented a 
response plan for disaster recovery and mitigation that addresses 
climate change, equity, and renewables through CDBG-DR ER-2, 
which has a $1.3B allocation .

• LUMA is working with the PR Government to deploy a 
microgrid project serving Centro Medico.

• LUMA envisions possibly funding AMI and targeted resiliency 
pockets, including microgrids.

• These projects would improve climate justice equity, 
resilience, efficiency, and sustainability of the PR power grid 
to improve power outages, faster restoration and 
decarbonization goals.

• LUMA is working on a potential rural electrification plan and grant 
for areas that have not previously had adequate service through 
about 50 microgrid proposals.



LUMA Partnerships

• LUMA is collaborating with the PRDOH and DOE to prioritize areas where the grid is weaker and the 
benefits of reduced outages on LMI communities are increased.

• LUMA is working on a potential rural electrification plan and grant for areas that have not previously had 
adequate service. LUMA submitted a proposal for over 30 microgrids.

• LUMA also been working with stakeholders, including national labs across the United States and 
universities here to develop a vision for how to meet the goals of Act 17

• Approval of critical projects with the help of COR3 and FEMA, including:

• Vieques and Culebra

• An advanced energy management system, which will include DERMS capabilities, to support the 
integration of renewable generation.

• Other opportunities including:

• Large capacity battery energy storage program to integrate renewable generation.

• Advanced metering infrastructure (AMI) to support the integration of rooftop solar and other 
renewable generation across Puerto Rico
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Microgrids are Part of the Overall Resilience Plans for Puerto Rico

• Distribution
• Completed over 19 Area Plans encompassing 342 distribution 

circuits. These area plans provide guidance to develop projects 
for rebuild, reliability improvement, enable DER integration, and 
identify microgrids.

• Distribution feeder rebuild projects have been approved by 
FEMA.

• Transmission
• Construction has started on 115kV transmission line that runs 

from Dos Bocas to Monacillos.

• Substation
• New transformers in Venezuela and Sabana Llana to place the 

T&D grid back into a reliable operating configuration providing 
benefits to the communities.
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Need for Standardization: Safety Considerations

• Creating standards, guidelines, testing protocols and efforts for microgrid operation with focus on safety 

and fire prevention

• Codes commonly relied upon to deploy, install, and commission energy storage systems are listed below:  

– Installation codes

• National Electric Code (NFPA 70) 

• NFPA 855: Standard for the Installation of Stationary Energy Storage 

Systems 

• ICC: The International Fire Code 

– Battery Safety Certification

• International Residential Code UL 1642: 

• UL 1973: Batteries for Use in Stationary, Vehicle Auxiliary Power and 

Light Electric Rail (LER) Applications 

• UL 9540: Energy Storage Systems and Equipment 

– Battery Testing

• UL 9540A: Test Method for Evaluating Thermal Runaway Fire 

Propagation in Battery Energy Storage Systems

•    

Installation

NFPA 
855

NFPA 
70

ESS System

NFPA 
791

UL 
9540

Devices

IEEE 
1547 
(UL 

1741)

UL 
1973

UL 
9540 
(A)



Standards and Compliance Considerations 

IEEE 2030.9

1) Process of planning and design 
2) Planning consideration
3) Power quality 
4) Protection
5) Metering 

IEEE 2030.12 to be released this year

IEEE 2030.5

Guide for the Design of Microgrid Protection 
Systems

IEEE Standard for Smart Energy Profile 
Application Protocol

IEEE Std 2030.7 - 
2017

Use Cases

DOE

IEEE 2030.7

IEEE Standard for the Specification of Microgrid 
Controllers 



List of standards

• NEC code on microgrids for BTM

• IEEE 1547-2018- IEEE Standard for Interconnection and Interoperability of Distributed Energy Resources with 
Associated Electric Power Systems Interfaces

• IEEE 1547.4 - Guide for Design, Operation, and Integration of Distributed Resource Island Systems with Electric 
Power Systems

• IEEE 2030.7- Standard for the Specification of Microgrid Controllers

• IEEE 2030.8 - Standard for the Testing of Microgrid Controllers

• IEEE 2030.9 - Recommended Practice for the Planning and Design of the Microgrid

• IEEE P2030.12 - Guide for the Design of Microgrid Protection Systems

• IEEE P2030.5- Standard for Smart Energy Profile Application Protocol

• IEEE519 - Guide for setting limits on voltage and current distortion

• IEEE1443 - Guide for Intelligent Fault Tolerant Control Using Adaptive Schemes and Multiple Models

• IEEE446 - Recommended Practice for Emergency and Standby Power Systems for Industrial and Commercial 
Applications

• IEEE Std C37.230-2007 Guide for Protective Relay Applications to Distribution Lines

• IEC TS 62898-2 – 2018 Technical specification- Microgrid part 2 guidelines for operation



Thank you
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