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Abstract— Microgrids, especially renewable-based, represent 

an opportunity to increase sustainability and resiliency in places 

prone to natural disasters. The aftermath of hurricane María 

accelerated the discussion in Puerto Rico about supporting 

microgrids as an energy policy and strategy to build a different 

power grid. This paper presents an overview of microgrid literature 

relevant to Puerto Rico and it is used to identify best practices. The 

paper also describes a recommended process for feasibility studies 

needed to develop a community microgrids based on distributed 

energy resources (DER). An example applying this process to an 

actual community wraps up the paper.  

 
Index Terms—Microgrids, renewable energy, distributed 

energy resources 

I. INTRODUCTION 

N 2007 the government of Puerto Rico (PR) created the 

regulation to interconnect generators to the electrical 

distribution system of the PR Electric Power Authority 

(PREPA). This regulation established the requirements and the 

process for the installation and operation of distributed 

generation systems (DG) to interconnect with the electric 

distribution system. Its purpose was to promote the use of 

renewable energy, guaranteeing the reliability of the electrical 

system and the safety of the employees, customers and 

equipment of PREPA. 

After hurricane Maria, the majority of persons who had 

installed a photovoltaic (PV) system without an energy storage 

system, realized that their panels on their rooftops did not solve 

the problem of lack of electricity, as these systems work only 

when the PREPA system is energized. People of PR suffered 

for several months the agony of not having electricity in their 

homes. Currently most people, who request a PV system 

installation, also ask for an energy storage system.  

On October 27, 2017, the Puerto Rico Energy Commission 

(CEPR) began an investigation concerning the state of Puerto 

Rico’s electrical system as result of Hurricane Marı́a. As a 

result of the damages to the electrical system and considering 

the critical role of the electric service in the economic 

development, the Commission determined that the restoration 

of electric service was one of the main objectives in the short 

term.  

On May of 2018, the CEPR Proposed the Regulation on 

Microgrid Development.   
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 The Final Microgrid Regulation sets the legal and regulatory 

framework required to promote and encourage the development 

of microgrid systems in Puerto Rico. This regulation enables 

customer choice and control over their electric service, 

increases system resiliency, fosters energy efficiency and 

environmentally sustainable initiatives and spurs economic 

growth by creating a new and emerging market for microgrid 

services. 

II. LITERATURE REVIEW 

Community energy projects are common in Europe. There 

are diverse definitions of community energy depending on a 

government’s energy policies to support distributed energy 

resources and also depending on the social, cultural, political 

contexts and energy market designs. Denmark and Germany are 

pioneers in community energy generation. In the U.K. 

community energy can refer to community initiatives focused 

on reducing energy use, managing energy better, generating 

energy or purchasing energy. These projects or initiatives share 

an emphasis on community ownership, leadership or control 

where the community benefits [1]. The most common 

community energy projects in the U.S. are solar PV systems 

that serve communities. Community solar systems have a great 

potential in fossil-fuel dependent countries that import their 

fuels. Thus, all possible modes of solar communities should be 

allowed. But strategies and models are context-dependent [1].  

A solar community could be transformed into a microgrid if 

it has enough local energy resources to meet the minimum 

demand [2]. Microgrids are a promising alternative [3], [4], not 

only to increase sustainability through renewable energy use, 

but also to increase resiliency to face natural and human-made 

threats to the electric infrastructure.  

Some of the microgrid technical issues that need to be solved 

include power unbalance, frequency vs active power control, 

voltage s reactive power control, disturbances due to topolo-

gical changes during transitions, islanding and protection [5].  

Besides technical challenges, microgrids need to overcome 

social, and legal obstacles to become a key component in the 

transition to a sustainable energy future. Societies must plan 

ahead and decide on the best microgrid architecture that better 

addresses their specific needs [4]. A key obstacle is that most 

regulators still do not understand the complexities of 

microgrids. However, many do understand that microgrid 

applications are not all the same especially regarding regulatory 

aspects such ownership and business practices [6]. These 

ownership and business issues are particularly important to 
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address in community-based energy projects. For this type of 

project personal relationships among participants are essential 

because of the strong agreements that need to be reached 

regarding rights and responsibilities of the shared system. 

Furthermore, since initial installation investment is commonly 

not done by the community [7], community members need to 

present a unified effort to bring in the needed funding [8].  

A. Feasibility Study Guidelines 

The following steps [9] are recommended when conducting a 

feasibility study to develop a community microgrid: 

1. Set the project goals. Is the goal to maximize reliability? 

Cost savings? Business growth? Should the project be built in 

phases? 

2. Organize, educate core stakeholders. Who are the 

potential champions, stakeholders and authorities who will 

have a say in this process? Should a steering committee be 

appointed? How can these parties be educated and organized? 

3. Identify project site. Where are reasonably large pockets 

of consistent energy demand? Are there large energy users in 

these pockets who can anchor a project? 

4. Conduct 1st level screening study. Is this project 

technically feasible? Is this site appropriate? 

The collection of data is the initial basis of a feasibility 

study, and should include the following: 

• House data which should include the house owner’s 

information, copy of the latest utility electricity bill, House 

location coordinates, Utility meter number, Diagram with the 

roof measurements, and pictures of the roof and the utility 

meter. 

• Demand Profile Data. Professional experts should go the 

site with technical personnel from the community to collect 

real time measured data from certain types of houses by 

means of a power analyzer.   This is done to determine the 

typical behavior of the daily load profile of the community. 

From the profile, it is possible to obtain the daily consumption 

(kwh) during sun hours, the daily consumption (kwh) during 

the night, and the maximum power demand. This data may 

further be used to generate a typical load profile of the 

community and establish parameters for the design 

• Topology of Community Electrical Network. The data of 

the topology will determine which electrical system 

configuration applies to the microgrid project. According 

with standard IEEE 1547.4 [11], there are a variety of 

operating configuration for intentional island that incorporate 

distributed resources (DR). 

The social and institutional components are vital inputs 

necessary for the sustainability of projects. This is the reason 

why the proposed methodology considers especially significant 

that these energy projects contribute to the local social capital, 

through a community participation that fosters empowerment 

and appropriation by the benefited local communities [10]. 

For empowerment to occur, governments must provide a 

system of administrative democracy where institutions are 

given autonomy by the government to choose their own 

leadership. This is a way to decentralize and depoliticize 

institutions. From the point of view of energy, this approach can 

be very useful in community-based energy strategies since 

citizens and communities are better acquainted with local needs 

and thus can provide vital information for local energy 

decisions and processes [1].   

B. Distributed Resources Island System Configuration 

1) Local Electric Power System (EPS) island (Facility Island) 

The DR island system is formed from generation and load 

normally served within a customer facility. This is also called a 

facility island. The DR island system has only one PCC with 

the area EPS. Facility DR can be operated to serve the load of 

the facility when there is a loss of the area EPS [11]. This 

configuration applies to isolated houses which cannot be 

connected to other houses due to the high electrical distances.  

2) Secondary Island 

One or more DR and multiple customers connected to the 

secondary side of one distribution transformer. There may be 

multiple secondary islands on a single distribution lateral. For 

example, community energy storage units can be deployed in 

secondary islands. In these systems, an area EPS-owned storage 

device is connected on the secondary side of the distribution 

transformer with multiple customers connected to the 

secondary. Other forms of DR may be installed on the 

secondary island along with community energy storage [11].   

This configuration applies when connecting a group of 

houses with short electrical distances in between, at the 

substation bus.  The concept consists of interconnecting a group 

of houses, at 240 volts underground secondary voltage. This 

group is named a secondary voltage microgrid (SVM). 

3) Lateral Island 

The island is formed from loads normally served from a 

lateral on a distribution circuit. The generation can be operated 

to serve the load of the island when the lateral switching device 

(e.g., the breaker, recloser, or sectionalizer) opens [11].  This 

configuration applies to a group of secondary voltages 

microgrids.   

C. Monitoring and control in a microgrid 

In a community microgrid, it is necessary for the customers 

to have knowledge of everything that is occurring within the 

microgrid.  This can be solved through an Energy Control 

Center (ECC), which should integrate a communications and 

control system called SCADA (Supervisory Control and Data 

Adquisition). The traditional SCADA system is based on 

gathering, processing, and analyzing real-time data from the 

field. The social SCADA concept as the sum of the social 

component (i.e., the community) and traditional SCADA 

applications. Social SCADA contributes to achieve a more 

resilient community, which means an increased capacity of 

adaptation to changes over time using local resources. 

The social component facilitates community participation in 

the decision-making process for the development of the energy 

system. The main aspects to consider are: primary resources, 

generation technologies, communication networks, electricity 

consumption, operation and monitoring and control [13][14]. 

For a preliminary estimate of key financial measures, such as 

the payback period, LCOE, and net present value, the System 

Advisor Model software (SAM) may be used. For a Community 
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Microgrid, one of the key financial measures that is important 

to the customer is the Levelized Cost of Energy (LCOE). 

The Levelized cost of energy (LCOE) is one of the utility’s 

primary metrics for measuring the cost of electricity produced 

by a generator. It calculates the value of the unit’s annualized 

total cost divide by its estimated annual energy output.  As a 

financial tool, LCOE is very valuable for the comparison of 

various generation units. A low LCOE indicates a low cost of 

electricity generation. For a usual power plant, the future fuel 

price is uncertain and largely depending on external factors, 

while e renewable energy resource has zero fuel cost [16]. 

III. CASE STUDY 

An organized community determined to conduct a feasibility 

study to develop a renewable energy production system, 

configured as a microgrid system. In the first phase of the 

feasibility study, members of the community participated in the 

data collection process. A group of community members was 

selected, trained and supported in the collection of data for 223 

houses. This participation is of utmost importance, so the 

community takes an active participation in the process of the 

development of the community microgrid. 

The case study was based for a community located in a rural 

area, in the east of PR, of around 17 km2 with 223 houses to be 

studied and approximately 3,000 residents, according to the 

United States census Beareau. The electric power for the entire 

community comes from a PREPA substation, through 8,320-

volt distribution feeder. 

A. Data Collection 

The collection of data by community members is an 

important step, since they are the ones who know the 

neighborhood and it is the way to start participating in the 

technical and social aspect of the project. Active members of 

the community who will participate in the data collection, 

should be trained by professional experts, on the data they need 

to collect from each household. These professional experts will 

also provide support in the data collection process.  

A site survey form was supplied to the community data 

collectors, which specifies the data needed to be collected. After 

all the data was validated, it was then organized and tabulated.  

Each house was given an ID and each sector a number or name 

as well.  See Table 1 for an example of the tabulated data. The 

“CL1” stands for the cluster or sector, and the “001, 002, etc.,” 

stands for the number of the house in that cluster or sector.  
Table 1: Example of tabulated data 

 
Experts went to the site to collect real time measured data 

from certain types of houses with a power analyzer equipment.   

This data generated a typical load profile of the community and 

established parameters for the design (Figure 1).  

 
Figure 1: Example of Typical Load Profile 

To determine the community’s existing utility configuration, 

information about the electrical infrastructure had to be 

gathered. The governmental geographic data portal contains a 

wide variety of geographical data of different government and 

public agencies, including PREPA’s electrical infrastructure. 

This data is downloaded and then plotted using a geographical 

information system (GIS) as shown in figure 2. 

 
Figure 2: Example of infrastructure in the community 

B. Secondary Voltage Design 

PV panels would be installed at the houses with roofs suitable 

for this use and the batteries would be installed in a single site 

of each SVM, in such a way as to produce enough renewable 

energy daily and storage capacity for each house. See figures 3 

for an example of Secondary Voltage configurations. 

 
Figure 3: Example of Secondary Voltage Back-up Configuration 

Using the coordinates tabulated and entered in the QGIS 

System, we can group the houses in SVM’s. To select the 

houses that will be participating inside the secondary voltage 

microgrid, the voltage drop formula was used to determine the 

maximum distance available from the BESS, without 

surpassing a 3% of voltage drop. Using a #2 AWG cable, it was 

determined that the furthest house connected, should not exceed 

1200 ft. See figure 4 for an example of a map, grouping the 

houses in different SVM’s for these sectors. Each sector or 

cluster can be composed of different groups of SVM. The 

distances for the Secondary Voltage underground circuit were 

calculated using the QGIS after plotting and grouping the 
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SVM’s.   The QGIS also offers us this tool to measure distance 

between desired points or locations. 

 
Figure 4: Example of Secondary Voltage Migrogrids Configuration map 

For the selection of the equipment, the Hanwha Q.Cells 

Q.Peak-G4.1 PV module with a capacity of 300 Watts was 

chosen. This module is monocrystalline, which has higher 

performance that polycrystalline modules, this also means that 

even though the module has a high-power capacity, it is smaller 

because it has less solar cells, thus occupying less area in the 

roof than a polycrystalline module of that same capacity. 

For the grid tied inverter, the Enphase IQ 6 microinverters 

were chosen. For this particular case studied, the inverter 

chosen was the Conext 6848XW.  

The batteries chosen were Full River DC260-12 Sealed 

AGM Battery, with a 7-year warranty.   This battery has a high 

performance and longer warranty while compared to others in 

the market in the same price range.   

The equipment sizing analysis was done following industry 

practices [17].  For the case studied, the median value of the 

daily consumption gathered from the community’s electricity 

bill was used, which in this case was 12 kwh.  The load profile 

graph generated by the power analyzer indicated that the typical 

maximum power demand is 2.5 KW. The average energy 

consumption during the night is 6 kwh (8 kwh dc) measured 

from the REAL DATA COLLECTION process of the case 

studied.  Four (4) batteries of 12 V, 260Ah and 8000 Wdc of 

daily energy consumption was used in the battery sizing tool 

worksheet. The calculation of the Depth of Discharge (DOD) 

was 54%. This DOD value is high and may affect the life cycles 

of the battery. (DOD 0.54 means approx. 1250 life cycles, 

equivalent to 3.5 year of continuous use). To compensate for 

this, there are two options:  to use a generator or to add another 

battery bank of 4 batteries. (With 8 batteries, the DOD is 27% 

means 2,300 life cycles, equivalent to 6 years and 4 months). 

This is to be decided by the investors of the project.  

For the case studied, using the 12-kwh consumption and a 

battery efficiency of 90%, it was determined that 12 PV 

modules of 300 Watts each were needed per house. Since not 

all the houses in the SVM have available or usable roof space 

for the PV panels, the quantity of the total PV Panels needed for 

all the houses in each SVM have to be distributed in the 

available roofs in the SVM. Table 2 shows the result of the 

distribution of equipment in each house in each microgrid. 

Table 3 show the costs of the equipment and materials from 

different vendors. Also, it includes the costs of the design, 

engineering, permits, installation and commissioning. 

Table 2: Example of Secondary Voltage Microgrid Equipment Distribution 

 
Table 3: Secondary Voltage Microgrid Tabulated Costs for a cluster 

 
If the study of the configuration in the existing electrical 

network concludes that all the houses of a sector are connected 

in different branches of the electrical system, then it is 

necessary to develop an aerial electrical network, to convert the 

SVM system into a network with primary voltage, which is 

called Primary Voltage Microgrid (PVM). Figure 7 shows an 

example of a PVM Configuration.  

 
Figure 7:  Example of a Primary Voltage Microgrid Configuration. 

C. Primary Voltage Design 

This phase evaluated different alternatives of primary 

voltage power line to interconnect the SVM with the generation 

control center (ECC). 

First, the installation of an underground system at the level 

of a primary voltage of 4,160 volts, along with the materials and 

installation costs. These costs are preliminarily calculated using 

typical actual unit price for primary voltage underground 

circuits on the industry. The distance for the lines calculation, 

is based on an approximation of the distance using the 

geographical map of the site. The primary voltage power line 

would follow the path of the roads’ right-of-way.  After all the 

calculations of the distances were completed, then it was 

necessary to solicit the costs of these equipment from different 

vendors.  Table 4 shows the costs for the Primary underground 

circuit for the case studied, including installation. 
Table 4: Example of costs for a primary underground Circuit 
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Second, to have exclusive use of the utility electricity grid, 

under an agreement of a monthly rent payment. For this 

alternative is necessary to have the amounts of poles, distances 

of electrical lines, transformers in each sector accounted by the 

professional experts along with the community technical 

personnel in the data collection process.  This can be done using 

the Solocator app. The rental costs are based in the “Monthly 

Infrastructure Lease Fees PREPA” proposed by the CEPR [12]. 

Table 5 shows the costs for the case studied. 
Table 5: Example of rent costs for utility equipment 

 
Third, the Installation of 4,160 volts overhead power lines. 

Costs of installations for poles, lines and transformers were 

calculated using PREPA construction standards AC-A7-3 [18] 

and standard PREPA URD-10 [19]. For the purposes of a 

feasibility study, the distance for the lines calculation can be 

based an approximation using the geographical map of the site. 

For the construction phase of the project, the right-of-way of 

the line should be measured and certified by a Surveyor.  Table 

6 shows the costs for the new primary aerial line for the case 

studied.  
Table 6: Example of costs for a new primary aerial line 

 
From the study, the most viable alternative is the new 

primary aerial line, since it is the most economical with a 

shorter installation time.  

It is to be understood that microgrid policies are unavoidably 

related to distributed energy polices and precisely renewable 

energy [20]. Therefore, as part of the case study, an economic 

analysis was made using SAM. If we take as a case #1, a single 

house consuming 12 KWh, 10kWh of battery storage and 3.6 

KW of solar power.  As a case #2, 8 single houses are connected 

through an underground secondary voltage microgrid, the 

LCOE and Net Capital Cost will spike to 25.13 ₵/KWh and 

$98,340 (see table 7). When both cases are compared, an initial 

incentive may be needed in order to justify the development of 

the secondary voltage microgrid.  The case #3 contains the same 

characteristics as case #2 but adding an initial incentive of 35%, 

as expected, the LCOE and Net Capital Cost drastically reduced 

to 14.75 ₵/KWh and $63,921 (see table 7). Furthermore, if an 

additional 10% of initial investment is added, the LOCE will 

further reduce to 11.78 ₵/KWh. 
Table 7: Financial Parameters for Three Different Cases 

 
From this preliminary economic analysis of the case studied, 

it was determined that for the project to be economically viable, 

it needs incentives of around 35% of the capital cost. 

 

IV. CONCLUSIONS 

This paper presented an overview of relevant microgrid 

literature, the recommended practices for microgrid 

development and a potential application of those practices to an 

actual community in Puerto Rico. It is recommended to start 

with a pilot project no larger than 40 houses, that should include 

the secondary voltage microgrid and, if the community has the 

economic resources, they must include the energy control 

center (ECC) with the primary voltage network.  

The microgrid entails operation with high voltage lines and 

very sophisticated equipment. It is necessary to institute a 

technical education program covering areas such as technical 

installation, operation and maintenance of electrical systems. 

To have a system that can be sustained working for long years, 

it is necessary to have people with technical expertise that can 

operate and maintain the system. 
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