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Executive Summary 
On September 20, 2017, Hurricane Maria swept through the United States territory of Puerto 

Rico. Still recovering from Hurricane Irma two weeks prior, Puerto Rico suffered the longest sustained 

power outage in US history, the second largest in the world (3). Power generating units escaped major 

damage; nonetheless, Maria took down 80% of the island’s transmission and distribution system (9). 

Over 50% of Puerto Ricans were still without power two months after the hurricanes (17). By May 8, 

2018, eight months after the category 5 hurricane ravaged the commonwealth, roughly 30,000 citizens 

were still without power (3).  

Damage from the hurricanes was compounded by an already weak infrastructure that existed 

before 2017, largely due to mismanagement and underinvestment by the Puerto Rico Electric Power 

Authority (PREPA). In a report released by the Puerto Rico Energy Commission (PREC) in 2015, 

PREPA’s budget allocations, operations, and infrastructure were described as an “emergency in the 

present day,” one that would require time, effort and funds to repair (6). In a 2012 report released by the 

Federal Reserve Bank on the recommendations to improve competitiveness of the Puerto Rican 

Economy, reform of energy sector was listed as one of the top priorities. Furthermore, out of all U.S. 

states and territories, Puerto Ricans shoulder the second most expensive utility rates in the U.S. 

($0.24/kWh) despite having the third lowest poverty rate (43.5%) (27). As a result, relief efforts 

should not aim to simply restore energy systems to their original state but instead prepare for 

reconstruction that boosts system resiliency.  

Within the first 8 months, the 

commonwealth and its partners 

were only able to resort to 

temporary restoration efforts due 

to lacking resources and the 

urgency to return power to its 

citizens as soon as possible. At the 

current state of the electricity 

infrastructure, lasting sustainable 

solutions should now be prioritized over Band-Aid restoration efforts given that the problem at hand 

goes beyond the technical issue of unreliable electricity. Puerto Rico is a community that is vulnerable 

to natural disasters, limited in domestic sources of energy, and located in a geographic region that makes 

transport difficult. As a result, the island needs a complete restructuring of its petroleum dependent 

electricity infrastructure (1, 3). In addition to these natural geographic characteristics, Puerto Rico’s 
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economic crisis and political situation further complicates the reconstruction. In discussing the 

infrastructure necessary for resilience, there needs to be an understanding of the non-physical 

infrastructure within the energy system. When Hurricane Maria hit Puerto Rico, it was met with an 

island that had both its physical and institutional infrastructure in shambles. Politics and years of 

mismanagement within the island’s only electricity utility have lead PREPA to a title III declaration of 

bankruptcy. As a result, the problem at hand is not just damaged energy infrastructure, but also web of 

social, economic and political complexities that must be untangled as a collective body in order for the 

island to move forward. 

Of the many suggestions for lasting changes in Puerto Rico’s energy infrastructure, development 

of microgrid infrastructures and distributed energy resources (or DERs) have emerged as technologies to 

help achieve not just reliable electricity but also electricity from local and low carbon sources. While 

they are by no means a panacea for all of Puerto Rico’s energy issues, microgrids and DERs reinvent the 

idea of a traditional, centralized and unidirectional electricity grid. DERs are technologies that are used 

near or at the site of energy consumption. They include small-scale renewable energy, small-scale fossil 

fuel generation, combined heat-and-power (CHP), energy storage, energy efficiency, net metering, 

demand management and more. Microgrids provide the short distance transmission and distribution for 

these DERs through localized control centers to analyze the flow of electricity into the system and out of 

the system and to balance load by selecting appropriate energy sources. Furthermore, microgrids have 

the ability to disconnect from the larger electricity grid, ensuring that when there are disruptions in the 

grid, microgrids will still be able to run on electricity. (5) 

DERs and microgrids present many reliability and sustainability benefits to all energy systems; 

nonetheless, there are specific benefits that will greatly aide Puerto Rico’s unique energy issues. First, 

DERs and microgrids reduce the need for long distance transmission lines, the main cause of the 8-

month outage. Due to mountainous terrain and location of generation sites, any kind of disruption to 

these long-distance transmission lines can result in city wide blackouts. Second, microgrids facilitate the 

connection of small-scale, locally generated energy. This is extremely important given that 98% of 

Puerto Rico’s electricity is generated from fuels that need to be shipped and transported to the island (1). 

Furthermore, unlike many areas in the world, Puerto Rico’s energy usage is decreasing due to migration 

patterns out of the commonwealth. Construction of small-scale generating units will focus on ensuring 

reliable electricity for the communities still on the island, avoiding the potential issue of overbuilding. 

Finally, the organizational structure provided by microgrids allows individuals to not only choose where 

their energy is produced but to also actively participate in production of energy as well, reducing the 

dependence on large institutions with political links. Unlike most territories in the U.S., Puerto Ricans 
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receive their electricity from one government utility. While a public monopoly itself might not be a 

problem, the political climate in the commonwealth has created a situation where the topic of electricity 

is heavily politicized. This paper hopes to make an argument for the need for microgrid and DER 

implementation and to determine what further institutional policies can be made so that these 

technologies can make a difference in the short and long-term restoration of Puerto Rico. 

1. Why is this Important?  
Air conditioning is one technology that is often viewed as a non-essential privilege reserved for 

those who live in first world countries. Nonetheless, this summer (2018) over 70 deaths (and counting) 

in Quebec Canada have been connected to a summer heat wave (95F) and a lack of access to air 

conditioning (31). A year ago, in the longest sustained outage in U.S. history, over 1.2 million Puerto 

Ricans were without power for two months after Hurricane Maria, with average temperature highs of 

92F in October 2017 (32). Not only were these citizens without air conditioning, they were also 

recuperating from a direct hit from a category 5 hurricane and struggling to keep critical sites like 

hospitals powered.  The official reported Hurricane Maria death toll released by the Puerto Rican 

government is 64.  

 
Figure 2: Hurricane related power outages, Source: U.S. Energy Information Agency 2017 

These numbers are puzzlingly low, mainly because they only reflect deaths due to physical 

hurricane impact but do not account for mortalities due to extended time without access to electricity. 

Harvard School of Public Health estimated that the number of “excessive deaths”—deaths that would 

not have occurred if the hurricane had not hit—is roughly 4,600, more than 70 times the original 
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government reported estimates (10, 11). They still do not account for migration out of the Island, 

citizens who died alone, and for the spikes in suicide cases shortly after the hurricanes (11, 12). As a 

result, the report estimates a number far more than 5,000 (11). Several reports in addition to the Harvard 

report attribute roughly one third of mortalities to “delayed or interrupted health care” through loss of 

basic utility services, one of which includes electricity (11). In one case, a 95-year-old diabetic died 

because the nursing home that he lived in did not have power and therefore, he had no access to insulin. 

The cause of death was listed as “natural causes” and was not counted in the official death toll. (31) 

In a report released by the Center for Investigative journalism (CPI), emergency rooms saw a 

47% increase in number of deaths compared to the same month in 2016. Hospitals saw a 38% increase 

while nursing homes saw a staggering 77% increase in mortality. According to CPI demographer, José 

A. López, any increase of more than 15% in mortality trends is an indicator of “atypical” events. (47) 

Only after lawsuits filed by Puerto Rico’s Center of Investigative Reporting and CNN did the Puerto 

Rican Government agree to release access to deaths recorded by the health department’s vital records 

bureau (18).  The records reveal that there are 1,427 more deaths in the last four months of 2017 than the 

average over the four years before. After the law suite, the commonwealth has hired George Washington 

University’s School of Public Health to complete a study on mortality rates in a $305,000 contract. Gov. 

Ricardo Rossello has conceded that the standing death toll of 64 is inaccurate, but will not raise this 

figure until the studies from George Washington University are released this summer. (18) 

Human casualties are often the extremely unfortunate but unavoidable result of natural disasters. 

Nonetheless, human casualties as the result of lacking access to water and electricity months after 

a natural disaster is completely avoidable and within the technical and economic power of our 

existing governing institutions. Accurate information regarding mortality and causes of mortality are 

important for understanding how we might be able to prevent these deaths in the future. As a result, 

considering the increased likelihood of extreme weather events due to climate change and the 

inevitability of further natural disasters, the successful reconstruction of the Puerto Rican energy 

infrastructure is absolutely vital for ensuring the safety and dignity of human life. 

2. Institutional Infrastructure and Social Actors 
Restoration efforts of the electricity grid after a natural disaster rely on and required the 

combined efforts of a diverse group of actors, not simply the local institutions that govern electricity 

generation. This section will provide a brief overview of the institutions (local and national) that are 

playing key roles in rebuilding the grid.  
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2.1 PREPA Background 

The Puerto Rico Electric Power Authority (PREPA) is in charge of generation, transmission and 

distribution on the island and serves as the island’s only electricity utility. With 1.5M costumers and 

6,227 employees, PREPA, a government owned monopoly, is the largest public power agency in the 

U.S. (6, 21). With a $9 billion debt, PREPA has the largest debt out of all other operational U.S. public 

corporations (25). There have been several efforts to reform PREPA’s fiscal crisis, starting with the 

appointment of a Chief Restructuring Officer (CRO) in 2014 and adjustments to the Puerto Rico 

Oversight, Management and Economic Stability Act  (PROMESA) in 2016. PROMESA required that 

PREPA draw an annual fiscal plan. Released in April 2017, the plan projects a 23% reduction in energy 

sales and set a $0.21/kWh rate by 2023. PREPA’s average tariff is currently $0.24/kWh. (21) 

 Since the hurricanes in 2017, PREPA has gone through several major changes in management. 

In early October, a $300 million contract awarded to Whitefish Energy, a two-person company in 

Montana, to rebuild power lines damaged by Maria. Controversy arose given that PREPA did not call 

for mutual aid until weeks after the White Fish Contract, over a month after the hurricane hit (26). 

Mutual aid is an agreement upon several emergency responders to lend assistance during emergency 

situations. In this case, PREPA has agreements with the Federal Emergency Management Act (FEMA) 

and the American Public Power Association (26). CEO Ricardo Ramos resigned in Nov 17, 2017 shortly 

after the controversy and was replaced by an interim director during the most critical months of the 

restoration process. In March 20, 2018, Walter M. Higgens was elected as the first CEO to be appointed 

by election through a non-politically influenced process (3). Mr. Higgens resigned in July 11, 2018. As 

of July 12, 2018, five of the seven board members of PREPA have resigned, one of whom was the 

interim CEO (34).  

In addition to managerial changes, PREPA is undergoing major changes in ownership through 

legislative actions initiated by the governor to privatize transmission and distribution (T&D) of the 

company. The Puerto Rican House approved privatization bill 1481 this June and the legislation will 

move to the Senate in the following months. Privatization of these sectors will have huge implications 

for the future of the electricity grid and as a result has garnered both support and criticism throughout 

the commonwealth. Many criticisms arise from doubts in PREC’s ability to regulate private entities and 

enforce sustainability and renewable energy goals. (48) 

On July 25, the House Committee of Natural Resources called for a hearing to discuss the “need 

for legislation to resolve ongoing mismanagement and disarray of [PREPA]”. House Committee 

Chairman Rob Bishop writes in a letter to Governor Rossello: “The recovery and revitalization of Puerto 

Rico in the near and long term is unattainable with the depoliticization of PREPA.” (44) 
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 2.2 PREC Background 

The Puerto Rico Energy Commission (PREC) is an independent regulatory body created by Act 

54-2014 to oversee electricity prices, terms, budgets, and energy efficiency. As the only utility on the 

island, PREPA is the sole subject of PREC’s regulatory oversight. Previously, PREPA had authority 

under a 1974 bond contract to set its own rates and fees “sufficient for the payment of expenses of the 

Authority” (25). Federal and state regulation of utilities is necessary because the technical and economic 

nature of the industry results in a situation where competition cannot easily exist (30). This is because a 

single monopoly is generally able to serve its consumers at a lower cost than a combination of smaller 

firms due to economies of scale (30). As a result, without regulation, utility monopolies can easily 

choose to set prices higher than “economically justified” and/or restrict output (30). Before PREC, Act 

82 of 2010 was the first regulatory action imposed by the Puerto Rico. Act 82-2010 set Renewable 

Energy Portfolio Standards (RPS) requiring that PREPA reach 20% renewable energy generation by 

2035 (25). This goal is reiterated in PREPA’s first Integrated Resource Plan (IRP), a five-year report 

submitted to PREC in 2015 that requires that PREPA follow certain guidelines. If the privatization bill 

passes the Puerto Rican Senate, private companies will be exempt from compliance with the IRP, a fact 

that has called into question the strength of PREC as a regulator (25). 

In the July 25 House Committee Hearing, Chairman Bishop writes that the Commission “is still 

subject to outside pressures including recent legislative interference, limiting its authority to protect 

ratepayers.” The recent legislative interference referred to is the privatization bill (House Bill 1481) or 

the “Puerto Rico Electric System Transformation Act,” passed last month, which required that the five 

commissioners of PREC be selected from a list submitted by the governor.   

2.3 Federal Partnering Agencies- DOE, USACE, FEMA 
The Federal Emergency Management Agency (FEMA) was created for the purpose of 

coordinating response to disasters in the U.S. that has overwhelmed the local and state resources (55). 

The agency provides mutual aid in the form of physical and financial resources. The request for mutual 

aid came into FEMA on October 31, 2018. Since then, FEMA ordered the U.S. Army Corps of 

Engineers (USACE) under the Stafford Act to conduct “emergency response and recovery activities” to 

provide “interim repair to grid segments until comprehensive repair of grid can be implemented.” (3) 

This is the first time the Corps has been called to conduct a massive grid repair project and the USACE 

has emphasized its role to aide in temporary relief as opposed to long term repair. Nonetheless, a 

provision in February was passed to allow funds to “replace or restore systems to industry standard 

without regard to pre disaster conditions.” The Stafford Act further states, “Components not damaged by 
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the storm should be replaced in order to bring the larger system up to industry standards.”(3) This 

revision in the Stafford Act suggests that FEMA resources and funds should focus not just on interim 

repair but also long term repair. This report will again refer to the role of FEMA in long term restoration 

processes in the following sections regarding financing distributed energy projects.  

The Department of Energy (DOE) serves to provide energy related expertise to FEMA and the 

Administration. The DOE has indicated during a committee hearing to Congress that its role is to serve 

as a resource in the short and long term process of reconstructing the electricity grid. The resources 

provided by the DOE manifest as deployment of technical personnel onto the island for restoration 

efforts and technical assistance for the development microgrids in long-term resilience and reliability 

plans. (35)  

2.4 Partnering Non-Federal Agencies- Rocky Mountain Institute (RMI), New York Power 
Authority (NYPA), Congressional Research Service (CRS) 

These partnering non-federal agencies have provided resources in the form of reports and 

recommendations, economic analysis, and technical research. In November 2017, the Congressional 

Research Service released a report for repair and rebuilding options for electric power in Puerto Rico. In 

December 2017, Rocky Mountain Institute (RMI) released a report about the benefits of distributed 

energy resources, utility scale renewable energy and storage, and microgrids installation on the island. 

The New York Power Authority submitted a report in December 2017 in partnership with multiple 

agencies (PREPA, PREC, Edison, Long Island Power Authority, DOE National Labs and more) as a 

letter to the governor of New York and Puerto Rico for grid reconstruction recommendations. DOE 

release their recommendations in May of 2018. The NYPA is currently continuing to work with the 

DOE’s ARPA-E to analyze locations and areas for microgrid implementation. These reports will be 

referenced throughout the policy paper in efforts to synthesize recommendations and options.  

3. Distributed Energy Resources (DERs), Microgrids and Renewable Energy (RE)  
It is agreed upon by all major stakeholders—government authorities, local companies, and 

citizens—that Puerto Rico is in need of huge changes in its energy infrastructure in order to achieve 

resiliency and reliability. It is also widely agreed upon by all parties that DERs and the increasing use of 

locally generated renewables is needed to achieve these goals. Every report released by a third party 

organization (NYPA, DOE, RMI, CRS) on the subject of rebuilding energy systems in Puerto Rico has 

agreed that long-term investment in RE and DER will minimize dependency and fossil fuel imports. The 

Department of Energy’s Office of Electricity Delivery and Energy Reliability released a report this June 
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2018 that emphasized the need for micro grid regulations and implementation of energy storage as on of 

their main recommendations (16). The Governor of Puerto Rico, PREPA, and PREC have also made 

public stances to support the increase use of renewables and distributed energy technologies. In January 

of 2018, the governing board of PREPA adopted 5 key pillars (1) Customer- Centric (2) Financial 

Viability (3) Reliable and Resilient (4) Model of Sustainability (5) Economic Growth Engine (39). The 

fourth system, model sustainability, focuses on “diversifying energy resources and reducing the carbon 

intensity of the power sector, in both primary generation and backup generation.” (39) Puerto Rico’s 

Manufacturing Association (PRMA) also echoed a need for consumer-centric energy systems that 

provides consumer with energy options and agency to produce their own energy (3). As a result, in May 

of 2018, PREC became the first regulatory agency in the U.S. to present clear guidelines for the 

deployment of microgrids and distributed energy resources (DERs). 

3.1 Distributed Energy Resources (DERs) 
In the regulations, DERs are defined as all physical and virtual assets that are used in a local 

energy system, including small scale renewable energy, small scale fossil fuel generation, combined 

heat-and-power (CHP), energy storage, energy efficiency, net metering, demand management and more. 

The section below provides a brief overview of the following DER technologies as described by the 

PREC microgrid regulations.  

3.1.1 Generation DERs 

Small-scale generation can be grouped into renewable energy generation (solar, wind) and fossil 

fuel generation (diesel, natural gas, combustion).  PREC Microgrid guidelines classify microgrids by 

generation resources: (1) “Renewable” Microgrids, (2) “Combined Heat-and-Power” Microgrids (3) and 

“Hybrid” Microgrids.  

“Renewable” Microgrids must have 75% of energy output of the system generated by a 

“Sustainable Renewable Resource.” These include: solar energy, wind energy, geothermal energy, 

renewable biomass combustion, qualified hydropower, ocean thermal energy, marine and hydrokinetic, 

and another other “clean and/or renewable energy” that the Commission permits in the future. Fuel used 

by non-renewable resources will be less than 2,500 Btu/total energy provided and fossil fuels can be 

used to operate during periods when renewable resources are unavailable or reasons listed under the 

Federal Power Act.  

Combined Heat-and-Power (CHP), also known as cogeneration, processes heat that would 

normally be lost during power generation and uses it to provide heating or cooling. It is a type of 

distributed generation located at the site of or near the point of consumption. Furthermore, CHP has 
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substantial environmental benefits due to reduced emissions and increased energy efficiency. Often 

operating at 65-75% efficiency (when the U.S. average is around 50%) CHP is defined as small-scale 

generation DER but it cannot generate energy on its one, but needs to be implemented with a fossil fuel 

or renewable energy generation unit. As a result, CHP microgrids can use fossil fuel generation or 

renewable generation. Due to this flexibility and efficiency, cogeneration is especially useful for 

industries and manufacturing companies that use a lot of steam and hot water.  

Hybrid Microgrids meet the requirements of renewable microgrids and CHP microgrids.  They 

will often incorporate other non-generation DERs, like energy storage.  

3.1.2. Energy Storage DERs 

Energy storage is a diverse and multipurpose DER that can be used in conjunction with 

generation DERs to store unused energy to balance short-term fluctuations, manage peak demand, or 

serve as back up during emergency situations. Energy storage as DERs often exists as power batteries or 

flywheels, which convert electric or mechanical energy into rotational energy. With high efficiency and 

increasing lowered costs, battery storage is soon be competitive with peak demand power plants (power 

plants that run mainly when energy demands goes beyond base load energy production). (56) 

3.1.3 Net Metering 
Net metering uses electric meters to measure electricity generated by personally owned DERs 

and electricity bought from the utility using the conventional grid. Prosumers are charged for the 

electricity bought from the larger grid and any excess electricity enters the grid for future energy use. 

Currently there are net metering programs in 35 states. These tools will be extremely important for 

incorporating DERs and microgrids to the larger PREPA infrastructure. (56) 

3.2 Microgrids  
The combination of small-scale electricity generation, storage and usage distributed among a 

local community of interconnected producers and consumers can be referred to as a micro-grid (5). As a 

result, a micro-grid provides the physical platform for the use of DERs like decentralized energy 

generation, net metering, energy storage, etc. There are several key differences between a conventional 

grid and a microgrid that make the latter an attractive alternative.	
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3.2.1 Microgrids are multidirectional instead of unidirectional 

Unlike conventional grids where power can only be distributed from centralized power plants to 

consumers, localized control centers analyze the flow of electricity into the system and out of the system 

and balances load by selecting appropriate energy sources. Sensors and smart meters access variable 

generation and variable demand. When a power from one energy source is disrupted, the control center 

may choose to utilize connected battery systems or another distributed source instead. If energy prices 

from the central grid is at any time cheaper than local distributed sources, the control center may choose 

to buy electricity from the central grid while allowing its own local distributed energy to be stored in 

battery units. (16) 

3.2.2 Microgrids are interconnected but independent  

As stated before, microgrids are able to maintain connected to other grids so that generation can 

be provided by both local and distant units. They represent a network where resources are efficiently 

allocated to sites of need through smart sensors and energy storage. Nonetheless, when disruptions occur 

somewhere within in the central grid, microgrids have the ability to go into “island mode” and 

disconnect from the centralized grid to operate in isolation using local energy generation units for hours 

to days. In a conventional grid, if one transmission line is disrupted, the whole system is impacted. Even 

if an individual owns a solar panel, if they are connected to a central grid, they would be unable to 

Figure 3: Image of a Smart Grid, Source: Wolsink 2014	
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generate their own electricity if there is a disruption in one section of the grid, regardless of proximity to 

that disruption. (5) 

With “islanding” in mind, in addition to organizing microgrids by fuel generation type, PREC 

also organizes microgrids by ownership.  First, Personal Microgrids are owned by no more than two 

energy consumers and are designed to primarily supply the needs of these consumers. Second, 

Cooperative Microgrids primarily supply the needs of three or more energy consumers. Personal and 

Cooperative microgrids are able to sell excess energy to PREPA or to other individuals upon PREC 

approval. As a result, individuals who own personal and cooperative microgrids can be referred to as 

prosumers, those who produce and supply energy for their own consumption. Finally, Third Party 

Microgrids serve the main purpose of selling energy services to consumers who have no ownership of 

the micro grid system. Third-Party Microgrids exist much like privately owned utilities and as a result 

are subject to additional requirements and oversight by PREC. Any of the three microgrid systems can 

be owned by any type of person, municipality, or government entity (other than PREPA). The 

Commission has temporarily limited microgrid construction to only off-grid developments until PREPA 

establishes interconnection regulations. PREC has ordered PREPA to complete these interconnection 

rules within 120 days, or by September of 2018. (43)  

3.2.3 Microgrids Facilitate Integration of Renewable Energy  

Decentralized energy systems allow for an easier integration of intermittent renewables in two 

ways. First, it is often difficult to build large-scale renewable plants given that large land spaces are 

needed to penetrate a certain MW capacity. With microgrids, renewable energy integration is designed 

to be small and localized, often existing as residential solar and micro-wind. As a result, a community of 

small-scale renewable systems are able to work collectively to reach a desired MW capcity. Second, 

renewable energy production follows fluctuating weather patterns and as a result needs an intelligent 

grid to allocate existing resources accordingly. Because of these characteristics, local government 

organizations have cited DERs and microgrids as tools to aide PREPA in reaching its 20% renewable 

goal as mandated by the RPS.  

The biggest barrier to microgrid implementation is the integration of microgrids and DERs to the 

larger grid. In their comments to the proposed rules released in January 2018, PREPA stated that the 

microgrid regulations have been “initiated at the wrong time” without “meaningful participation by 

PREPA”. Nonetheless, organizations like the New York Power Authority recommended that passive 

planning DER regulations should begin in early 2018 so that active building and implementation can 

begin in three to five years (22). Furthermore, Rocky Mountain Institute reports that there are net 
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benefits to deploying, not just planning, new technologies while the system is being restored and after 

restoration (2). In a 2017 report on barriers to microgrid implementation published in Sustainability, the 

largest non-economic barrier was reported to be “insufficient transparency of policies and legislation” 

and “complicated, slow or non-transparent permitting procedures” (57). As a result, while the current 

microgrid regulation is neither comprehensive nor flawless, the process and actions of actively creating 

regulations publically should be continued to ensure that the foundation for future investments is laid. 

Addressing current flaws in the energy system and planning for integration of future technologies are 

not mutually exclusive but can occur concurrently.  While PREPA puts together a draft for microgrid 

interconnection regulations, it is important to understand the impact time and natural disasters have 

made on the PREPA energy infrastructure and other privately owned energy systems.  

4. Current Status of the Energy Systems Infrastructure 
Puerto Rico’s generating fleet includes 6 fossil fuel and 7 hydroelectric plants operated by 

PREPA and 2 cogeneration plants1, two wind farms and five solar farms that are privately owned (22). 

Of the island’s pre storm generating capacity of 5,839 MW, roughly 66% is produced using diesel fuel 

and 34% is purchased from private power plants that run on coal and natural gas (27). As of May 8, 

2018, PREPA is operating 15 available generating units with a total capacity of 3250 MW, 90% of its 

maximum capacity (3). Average daily peak demand is 2100 MW with 98.25% costumers with restored 

power (3). Currently, 12 generating units are out of service for repairs and 4 generating units are out of 

service for “economic reasons” (3).  

Table 1: Status of Restoration as of May 8, 2018 
Status of Restoration Total  % Restored 
Number of Consumers 1,600,000 Costumers  98% 
Transmission Lines 17 High Voltage Lines 

86 Low Voltage Lines 
80% 

Transmission Structures and 
Damages  

636 Structures (Poles/ Towers) 
673 Damages (Conductors/insulators) 

74% 

Transmission Centers 56 Centers 95% 
Substations 342 Substations 96% 
Operation Capacity 4,878 (PREPA Owned) 67% 

Source: Senate Committee Hearing on Puerto Rico Electricity Grid 2018 

As seen in Table 1, restoration of the existing grid is mostly complete. Nonetheless, these efforts, 

though vital and necessary, have simply restored the system to yet another fragile state, one that is not 

																																																								
1	These	were	purchased	by	PREPA	through	20-year	power	purchase	operating	agreements	(PPOAs)		
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prepared to take another hit. Many restoration efforts are temporary fixes, some of which include 

“thousands of weakened and damaged poles and power lines that were reused in the absence of new 

supplies” (9). In some cases, power lines were bolted to trees (9).  According to Mike Byrne, FEMA’s 

assistant administrator for field operations, “there is no permanent work that’s been done.” (46) With an 

urgency to restore connection, it is important to recognize that DER investments can provide quick,  

reliable energy infrastructure that go beyond the band-aid fixes that is currently being done in Puerto 

Rico. The sections ahead will outline the major points of weakness with in the electricity system. This 

report will assess how DERs and Microgrids can aid in tackling these problems in the short and long-

term restoration process. 

5. Electricity Generation is too far from Energy Consumption 
As seen in Table 2, 

roughly 60% of generation 

(Aguirre, Costa Sur, AES, 

and EcoEléctrica) is located 

in the south even though a 

majority of energy use is 

concentrated in the north of 

the island (14). As a result, 

this inefficiency in location 

planning requires that 

electricity be transmitted over 

mountainous, forest terrains. The direct consequence of these long-distance transmission lines is a lack 

of resilience, as seen during Hurricane Maria when critical transmission lines were damaged. (14) 

With central mountain ranges that cut the Island’s north from its south and low lands along the 

coast, Puerto Rico’s geography already poses a natural challenge to transmission and distribution 

(T&D). A majority of PREPA’s T&D system is above ground. Power generated from generation plants 

is transported through 2,478 miles of high voltage transmission lines to 334 substations (22). From the 

substations, 31,485 miles of low voltage distribution lines carry power to consumers, many of who 

reside in the northeast (3). Concentrated demand in the northeast of the island is the result of not just 

Figure 4: Puerto Rico Generation Units by Region, Source: EIA 2016	
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high urban population density but also commercial activity and manufacturing. Commercial electricity 

consumption was the highest at 47% and residential consumption comes next at 38% (1) 

 

Table 2: List of Major Generation units in Puerto Rico 
Power Plants in Puerto 
Rico 

Generating 
Capacity (MW) 

Fuel/Energy 
Source 

Owner Year of 
Construction2 

Central Costa Sur 990 Fuel Oil PREPA 1962-1973 
Aguirre Thermo Electric 900 Fuel Oil PREPA 1975 
Palo Seco 602 Fuel Oil PREPA 1959-1968 
Aguirre combined Cycle 592 Fuel Oil PREPA 1977 
EcoEléctrica 540 Natural Gas Gas Natural 

SDG, S.A. 
2000 

AES 454 Coal AES Corp. 1944 
San Juan Combined 
Cycle 

464 Fuel Oil PREPA 2008-2009 

San Juan Thermoelectric 400 Fuel Oil PREPA 1965-1969 
Cambalache 248 Fuel Oil PREPA 2007 
Santa Isabel Wind Farm 1013 Onshore 

Wind 
Pattern 
Energy 

2011 

Isabela PV Plant 57 Solar Oriana 
Energy 

 

San Fermin Solar Farm 27 Solar Uriel 
Renewables 

 

AES Ilumina 24 Solar AES Corp.  
Punta Lima 23 Onshore 

Wind 
 2012 

Salinas Solar Park 16 Solar Sonnedix  
Hydroelectric Power 
Plants 

Variable  
~100 

Hydropower PREPA  

 

5.1 Distributed Energy and Microgrids reduce the need for long distance transmission 

Microgrids utilize DERs like small-scale generation and energy storage that allows consumers to 

live near or at sites of generation. Reducing the need for long distance transmission lines not only 

improves resilience and interruptions in the grid but also reduces further infrastructure costs. As the 

backbone of the electricity grid, transmission lines are likened to roads and highways, public goods that 

																																																								
2	Retrieved	from	PREPA,	40th	Annual	Report	in	2015.		
3	Retrieved	from	https://www.thewindpower.net/windfarm_en_17000_santa-isabela.php	
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are often prone to overuse and underinvestment. Other public infrastructures (roads, bridges, and 

highways) within the commonwealth also require much needed maintenance and repair. In fact, poor 

transportation infrastructure was listed as the primary reason relief supplies (food, building materials, 

etc) could not get from ports to sites of need (36). By December 30, 2017, approximately 3.5 months 

after the passing of Maria, only 14,000 power poles (27% of requirement), 2 transformers and 1.75 

million feet of new power cables (6% of requirement) had been delivered to the Island (3). 

The nature of large centralized power plants makes it so that long distance transmission lines will 

be necessary. No matter how close these large plants are to population centers, there will be rural 

communities far from these centers reliant on vulnerable transmission lines through mountainous terrain. 

Furthermore, underground transmission lines are costly given the terrain and still leave rural 

communities susceptible given that as much as 8-15% of electricity is lost in transit. When generation 

occurs on site or near consumption, accessing and addressing connectivity problems is much more 

feasible.  

5.2. “Passive” DERs are quick and permanent investments that will aid the most vulnerable 

 Around 5% of the Puerto Rican population lives in rural, mountainous areas(2). As of July 19, 

several hundred Puerto Ricans still are without power, many of who live in these remote areas (3). 

According to the Puerto Rico assessment report by the DOE, the DOE observed “significant delays” in 

the recovery speed of remote, mountainous areas when compared to those of metropolitan areas. As a 

result, it is important for rural communities and critical sites (like hospitals) to be able to run without 

connection to the currently unstable grid. Many DER technologies can be installed quickly and 

independently of any grid connection. The NYPA recommends early deployment of “passive” DERs 

like solar PV and energy efficiency technologies, which do not require external communications and 

control infrastructure (22). With solar PV and inverter installation to convert PV produced direct current 

(DC) into usable alternating current (AC), many technologies can be installed that do not required 

immediate connection to the grid (22). Furthermore, individual batteries, like the Tesla Powerwall, can 

help smooth out fluctuations of renewable generation. Rocky Mountain Institute reported that project 

developers have restored power to several businesses and communities using a combination of “passive” 

DER technologies like solar and energy storage within a matter of days or weeks (2). DER technologies 

demonstrated size flexibility in that these projects ranged from “centers of refuge” that provide basic 
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services like Wi-Fi to large scale projects that kept critical facilities connected to electricity when the 

larger grid is down (2).  

6. Excess Generation Capacity for a Declining Consumer Population 
Consumption on the island is only two thirds that of consumption in the continental U.S. (1) and 

demand is expected to decrease after a mass exodus of over 135,000 people from the island after 

Hurricane Maria (6). As a result, the generating capacity of the entire island (5,839MW) is double that 

of peak demand (3,060 MW in August 2017) (22). As stated before, peak demand as of May 2018 has 

decreased to 2100 MW. Puerto Rico has already seen a decline in population as a result of out migration 

to the mainland well before the hurricane, starting in 2014. In the 2015 IRP, PREPA has stated that 

about 1,100 MW of generation capacity will be converted to limited use or entirely shut down.  

6.1. Size and Functional Flexibility of Microgrids can help combat overbuilding 
As stated before, PREC organizes microgrids into three types (or classes): Personal, Cooperative, 

and Third Party. (37) Personal and Cooperative microgrids are built with the primary purpose of 

supplying the need of its owners (37). These owners are often referred to as prosumers, individuals or 

groups that act as consumers and producers of energy. Third-Party microgrids are purely producers and 

serve primarily to provide energy services to consumers (37). Any individual, entity or municipality is 

authorized to own and operate any of the three classes of microgrids under whichever size, organizing 

structure and operating arrangement they deem most suitable to their needs. As a result, there exist a 

flexilibity advantage to the construction of microgrids and DERs over centralized generation and long 

distance transmission. Size flexibility allows microgrids to be built for systems as small as a single 

building to systems as large as cities. Building distributed generation units with lower MW capacity 

reduces the risk of overbuilding by matching the island’s declining consumer demand. Especially given 

that the electricity system already has an excess generation capacity, constructing new centralized 
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generation of units with large MW capacity poses a risk that these units will be decommissioned as 

demand decreases.  

       

7. Puerto Rico is Dependent on Imported Fossil Fuels 
Currently 98.14% of PR electricity generation is derived from fossil fuels, 100% of which is 

imported into the commonwealth, as Puerto Rico has no indigenous reserves of fossil fuels (1). It is not a 

natural course for an island territory to be completely reliant on fuels that are not domestic to the area 

instead of resources readily available locally. Energy generation on the island was originally dominated 

by hydropower (26). In the 1940s, industrialization under Operation Bootstrap, a continuation of WWII 

efforts to increase manufacturing, resulted in a shift to an imported- fossil fuel dominant energy 

infrastructure (26). 

One major problem with fossil fuel domination on the island is that 47% of generation comes 

from petroleum, which has an extremely low efficiency in electrical energy output. Using capacity 

factors—the ratio of actual output of energy over its maximum possible energy output, as a measure of 

efficiency, petroleum fired power plants had the lowest capacity factors in the U.S. in 2017. Due to its 

low capacity factor, electricity generation using petroleum is an outdated practice that is used mainly as 

back up generation for peak demand. Furthermore, out of coal, natural gas and petroleum, petroleum 

Petroleum
47%

Natural	
Gas
34%

Coal
17%

Electricity	Generation	in	
Puerto	Rico	by	Fuel	Type

as	of	2016

Figure	5:	Electricity	Generation,	Source: EIA	2017
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produces the most NOx pollutants and the second most CO2 and SOx pollutants per BTU of energy 

produced.  

Table 3: Capacity Factors for Utility Scale Generators in 2017 (29) 
Fuel Type Coal Natural 

Gas 
Combined 
Cycle 

Natural Gas 
Combustion 

Natural Gas 
Steam Turbine 

Petroleum 
Steam 
Turbine 

Petroleum 
Combustion  

Capacity Factor 53.5% 54.8% 9.4% 11.3% 13.0% 2.0% 
Pounds CO2 
emitted / BTU 
energy produced 

215 117 161 

7.1. Puerto Rico Faces Import Barriers 
As an island, Puerto Rico faces other challenges if it is to maintain its fossil fuel dominated 

energy mix. Unlike states in the contingent U.S., Puerto Rico must ship these fuels from the mainland 

through the conditions of an act known as the Jones Act. The 1920 Merchant Marine Act, commonly 

referred to as the Jones Act, requires that U.S. ships that are mainly manned by U.S. citizens transport 

all goods shipped between two U.S. ports. Created after WWII as a safeguard against the German Navy, 

the Jones act was created to support the domestic maritime industry and to limit foreign competition. 

While there is no comprehensive report on the impact of the Jones Act on the commonwealth’s over all 

economy, it is widely accepted by experts that the Jones Act does (1) increase the cost of imported 

goods to the island (2) makes it more difficult for Puerto Rican exports to be competitive with their 

neighbors (24). For example, the cost of shipping the same container from the East Coast of the U.S. to 

Puerto Rico is double that of the same shipment to the Dominican Republic or Jamaica, islands that are 

not governed by the Jones Act (24). While this report calls for neither the abolishment nor the upkeep of 

the Jones Act, it is important to understand that if Puerto Rico continues to remain reliant on fossil fuels, 

the industry must deal with the extra expenses of shipping fuel in compliance with the 1920s law. This 

will be especially applicable if Puerto Rico is looking to increase the number of LNG (Liquefied Natural 

Gas) Ports to replace petroleum with natural gas.  

7.2. Cost Competitive Renewables can decrease dependence on Imported Fossil Fuels 
Because of this dependence on imported fossil fuels, it is important that Puerto Rico make strides 

to reach its 20% renewable goal by 2035 to eliminate transportation costs that come with imported fossil 

fuels. When comparing energy generation costs, there are four main categories of costs to look at: (1) 

capital costs (2) Fixed Operational and Management (O&M) Costs (3) Variable O&M (4) Fuel Costs. 

O&M costs include day-to-day maintenance costs, labor costs, site management, health and safety and 
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several other costs (56). Generally, fossil fuel plant costs are dominated by fuel costs while Renewable 

power generation costs are dominated by capital costs and O&M (52). As seen in figure 6, Rocky 

Mountain Institute analysis of PREPA operational data and quotes from project developers in the 

Caribbean have proved that operating costs of solar and wind are competitive to existing fossil fuel 

generation (2). At its highest cost estimate, even with included hurricane resilience factors, Caribbean 

wind would have a lower operational cost than the Cambalanche power plant, which is PREPA’s second 

newest but smallest petroleum power plant (2). At its highest cost estimate, Caribbean solar would have 

lower operational costs than half of PREPA’s fossil fuel powered fleet (2). Now that operational costs 

for these renewable sources have become economically competitive, capital costs and resiliency benefits 

of renewable generation coupled with microgrid infrastructures can be compared with costs of 

rebuilding old infrastructure.  

 

Figure 6: Cost of Existing Puerto Rico Generation compared to new renewable energy projects  

 

Source: 

Rocky Mountain 
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Institute, 2017 

7.3. Renewable Energy is Reliable and Resilient but cannot be connected to the Conventional 
Grid  

Currently, the 101 MW Santa Isabel Wind Farm is the largest renewable generation “plant” on 

the island. The wind farm sustained minor to no damage during Hurricane Irma and Maria (37) and 

informed PREPA that it would be able to be up and running within a week of Hurricane Maria. Rocky 

Mountain Institute estimated that approximately 75-95% of small scale/ residential solar was ready to 

operate after the hurricane, demonstrating resilience to natural disasters.  

Figure 7: Post-Hurricane Status of Utility-Scale Renewable Energy in Puerto Rico

 
Source: Rocky Mountain Institute, 2017 

However, only 1% of these renewable energy sources were operating months after the passing of 

Hurricane Maria. As of May 2018, Santa Maria wind farm remains 75% curtailed by PREPA (37). 

Curtailment of renewable energy resources is a tool used for management oversupply of renewable 

energy and inadequate consumer demand (40). This phenomenon is often described as the Duck curve, 

where the peak generation of renewables often occurs when there is a dip in consumer demand (40). 

Nonetheless, the main reason for curtailment in the case of PREPA was its transmission and distribution 

infrastructure. As a result, if PREPA hopes to integrate more renewables into its system, it cannot 

simply repair a centralized system that is unable to efficiently utilize renewable generation. Even with an 

operational T&D, California curtails over 308,000 MWh of renewable generation with its centralized 

system because it lacks DERs like storage, demand response, time-of-use rates, regional coordination—

all technologies easily integrated to a microgrid (40). As seen in Figure 8, California Independent 

Systems Operator lists several DERs as solutions to minimize curtailment of renewables (40). 

The US Department of Energy released a report in 2012 stating that up to 80% of U.S. electricity 

could be provided by renewable energy generation while meeting demand on an hourly basis in every 

8

Renewable generation is resilient

Resilience: how quickly and how well an electric system can recover from a widespread outage 

Storm hardening can increase 
survival rates at approx. $0.05 to 
$0.15 per watt of installed capacity
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Post-hurricanes status of utility-scale renewable energy in Puerto Rico

Source: Pattern Energy
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region of the country. This potential is not just limited to the continental U.S. Renewable energy goals 

set by Hawaii (100% renewable by 2045) and U.S. Virgin Islands (30% renewable by 2025) 

demonstrated that islands have confidence in renewable energy to measure up to the economic, 

environmental and social goals of their electricity systems (IEEFA). Oahu, Maui and Hawaii currently 

achieve 11%, 25% and 40% renewable energy respectively with reliability much higher than that of 

Puerto Rico (RMI). To accomplish a nation-wide renewable penetration of 80%, the DOE reports that 

increased electric system flexibility is needed, particularly DERs like demand response and energy 

www.caiso.com   |   250 Outcropping Way, Folsom, CA 95630   |   916.351.4400
CommPR/AG/05.2017
© 2017 California ISO

Curtailing renewables is counterintuitive to California’s environmental and economic goals. It reduces the  
output from the renewable plants in which the state has invested, and could result in overbuilding renewable 
plants to ensure that the state meets its 50-percent renewable mandate. Overbuilding the electric system is  
not financially sound.

While curtailments are currently representing only a fraction of overall load, the issue is expected to intensify in 
the coming years as the state strives to achieve its 50-percent renewable target. Net load is already deepening 
faster than was anticipated, and the afternoon-to-evening ramp is rapidly getting steeper.

Are there solutions?
There are several promising concepts and technologies being explored to minimize oversupply and  
curtailment including:

Storage – increase the effective  
participation by energy storage  
resources. 

Demand response – enhance DR  
initiatives to enable adjustments in  
consumer demand, both up and down, 
when warranted by grid conditions. 

Time-of-use rates – implement time-of-use 
rates that match consumption with  
efficient use of clean energy supplies.

Minimum generation – explore policies  
to reduce minimum operating levels  
for existing generators, thus making  
room for more renewable production. 

Western EIM expansion –
expand the western Energy  
Imbalance Market.

Regional coordination – offers  
more diversified set of clean energy 
resources through a cost effective  
and reliable regional market.

Electric vehicles – incorporate electric 
vehicle charging systems that are  
responsive to changing grid conditions.

Flexible resources – invest in modern, 
fast-responding resources that can  
follow sudden increases and decreases  
in demand. 
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The ISO is working with stakeholders and state leaders to leverage these tools, and looks forward to thoughtful 
discussion leading to solutions to the rising trend of renewable curtailment. Without these solutions, oversupply  
will create barriers to the full transition to a greener, more cost-effective, efficient grid.

Figure 8: Solutions to Curtailment of Renewable  Energy Generation  
	



	 25	

storage. (41) As a result, to achieve renewable energy goal of 20%, Puerto Rico’s most effective plan of 

action is to prepare for the construction of smart grid technologies (DERs) and microgrids.  

8. Generation Units require Long Overdue Maintenance due to lacking top-level 
management 

Puerto Rico’s generation units are approximately 28 years older than the industry average in the 

continental U.S. and experience outages 12 times more often (21).  These outages are referred to as 

“forced outages” and occur as the result of “an unplanned failure that requires a unit (generation, 

transmission, or distribution) to be removed from service” (23). As seen in Figure 9, the occurrences of 

forced outages averaged at 6.87% up until 2015-2016, when the metric increased drastically to 27%. 4 

Previous PREPA leadership identifies (1) delayed maintenance, (2) “loss of significant experience 

personnel” coupled with lack of skilled replacement, and (3) declining capital investments as the 

three main sources of forced outages. At the time of this report in 2015, PREC has concluded that mid 

level managers in generation, transmission and distribution are acutely aware of the electrical system 

needs and “ demonstrated an ability to work with extremely limited resources spread thinly over 

PREPA’s system.” The regulatory agency was concerned about the ability of top-level management to 

“strategically invest” to address these issues of forced outages. In his statement to the Senate Committee 

on Energy and Natural Resources, CEO Higgens attributed Puerto Rico’s sustained black out to a fragile 

infrastructure caused by poor maintenance (3).  

Since early 2014, mismanagement in PREPA has been topic discussed in depth at the federal and 

territory level. Efforts to transform the utility, as stated before, began with the institution of PREC as a 

regulatory body; nonetheless, PREPA’s organizational structure continues to be one that has “promoted 

bureaucracy and politics over meritocracy.” For 10 years, it has had a history of failing to collect 

payments from municipal accounts as well as highly discounted rates to “important island businesses” 

like major hotels (46). Since 2001, each new Puerto Rican administration has “replaced about 200 of 

																																																								
4	These calculations have accounted for the impact of capacity factors, a number that divides the total net actual power 

generation over a plant’s maximum capacity if it were to operate every hour of the year. As a result, this chart shows the 

power that could have been provided assuming a modest 50% capacity factor.	

Source:	Calfornia	ISO	2018	
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[PREPA’s] top managers upon taking office.” (45) With instability of top-level management, there lacks 

accountability to address the company’s title III bankruptcy status and its crippling infrastructure.  

 

Figure 9: Total Energy (MWh) Lost to forced outages by quarter, calendar year, Source: PREPA 

 

Source: PREC, 2014 

8.1. Privatization as a solution for Mismanagement is met with Debate 
 Privatization has been heralded as solution to mismanagement, as the “end goal that will achieve 

a successful conversion of PREPA.” The office of Governor Roselló promises that privatization would 

(1) allow consumers to choose between several options (2) allow Puerto Rico to achieve a 30 % 

renewable energy generation standard (3) prepare Puerto Rico for faster responses to natural disasters 

(4) reduce Puerto Rico’s high energy costs (50). PREPA Bond holders and the Financial Oversight and 

Management Board (FOMB) both express support for the privatization of PREPA. 

The privatization process has been met with strong criticisms, particularly from state and local 

government officials. Puerto Rican natives Nydia M. Velázquez (D-NY) and Rep. José E. Serrano (D-

NY), along with Rep. Raúl M. Grijalva (D-AZ) expressed their doubts about “how these claims will be 

realized” given the “persistent opacity in PREPA’s operations and resistance to external oversight.” For 

example, in March, three U.S. companies were selected by PREPA to carry out $1.4 billion dollars 

worth of contracts, including efforts to finish emergency restoration work and begin long-term 
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Figure 1. Total energy (MWh) lost to forced outages by quarter, calendar year.35 

	

An	extraordinary	amount	of	PREPA’s	generation	is,	by	all	accounts,	currently	not	available.	
These	forced	outages	appear	to	be	a	direct	consequence	of	deferred	maintenance,	reduced	
capital	spending,	and	a	shortage	of	expert	staff	in	key	positions.		

1. PREPA’s	assessment	of	the	forced	outage	crisis	

Does	PREPA	recognize	the	depth	of	crisis	it	is	in	today?	From	our	discussions	with	PREPA	
management	and	review	of	documentation,	 it	 is	clear	that	PREPA’s	mid‐level	managers—
both	 for	 generation	and	 transmission/distribution—are	keenly	 aware	of	 their	needs	 and	
have	demonstrated	an	ability	to	work	with	extremely	limited	resources	spread	thinly	over	
PREPA’s	 system.	 It	 is	not	 clear,	however,	 that	PREPA’s	 top	management	understands	 the	
level	of	crisis	or	how	to	strategically	 invest,	and	there	are	 indications	 that	competency	 is	
mixed	at	the	plant	management	level.	

An	 internal	management	presentation,	apparently	 from	mid‐2015,	 shows	 the	start	of	 the	
upward	forced	outage	trend	in	Figure	1,	above.	Already	showing	persistently	high	outages	
relative	 to	 historic	 trends,	 the	 slide	 deck	 underplays	 the	 emerging	 problem,	 stating	 that	
“while	PREPA’s	units	have	over	time	experienced	a	slight	decrease	in	FO	events,	there	has	
been	a	recent	increase	during	2015.”36	The	slide	shows	a	graphic	with	a	month‐to‐month	line	
																																																								

35	CEPR‐JF‐01‐16	Attach	02.	
36	CEPR‐JF‐01‐16	Attach	01.	Forced	Outage	(“FO”)	Analysis:	Business	Case.	Public	version.	
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investments. In May, a board created by congress to oversee Puerto Rico’s finances and bankruptcy 

proceeds found that these contracts had “vague descriptions of the scope of the project(s) and a lack of 

detailed evaluation costs.” 

San Juan Mayor, Carmen Yulín Cruz, echoed doubts that a politically influenced privatization 

process would provide public transparency. Furthermore, there was worry that PREPA’s privatization 

would be a repeat of two failed attempts to privatize the Aqueduct & Sewer Authority in the 1990s, an 

experiment that resulted in “significant costs to ratepayers,” a more hazardous water supply, and a loss 

of $1.1 billion in a single private contract alone (49). Figueroa Jaramillo, president of the union of 

PREPA employees (Utier) is the strongest opponent of privatization and believes that “PREPA is a 

public good that belongs to the people and not to the politicians of the day. Energy is a human right and 

not a commodity.”  

The privatization bill leaves the selling negotiations under the control of the governor and the 

sitting Puerto Rican government. Lack of transparency in selling processes is one of the main reasons 

there is strong push pack against privatization. Furthermore, the bill weakens regulatory power of PREC 

by requiring that commissioners be selected from a list submitted by the governor. Finally, there is no 

competitive bidding process and these privatization contracts would be exempt from compliance with 

the IRP. These aspects of the privatization bill leave many wondering if privatization, as described by 

the legislation, will bring about the promised goals of sustainable energy production at lowered costs. 

(48) 

8.2. Independent DER investment reinvents the Privatization debate and the Role of a Large 
Scale Public Utility 
 Discussions regarding the technical and institutional reform of Puerto Rico’s electricity 

infrastructure have generally occurred independently of one another. On one hand, technologies like 

distributed energy resources and microgrids are generally supported by all as purely technical solutions 

to the physical rehabilitation of the grid. According to PREPA board member Nisha Desai, “Everyone is 

violently in agreement that the future of Puerto Rico involves renewables, microgrids and distributed 

generation” (37). Nonetheless, structural reform of the institutions that have the power to expedite the 

implementation of these technologies is rife with political debate. The intention behind privatizing 

PREPA is to depoliticize the topic of subject of equal access to electricity. Instead of breaking up an 
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already politically influenced entity into potentially politically influenced private entities, is it possible 

for institutions to allow for “privatization” of the electricity market outside of PREPA?  

While PREC does not define it as such, the development and release of the PREC microgrid 

regulations reinvents the definition of privatization, one that is under the hands and control of local 

communities. The Commission regulations is revolutionary for Puerto Rico in that it authorize 

ownership and operating control of microgrids to any individual, entity, or municipality, except PREPA. 

These owners have the power to decide the size, organizing structure and operating arrangement (RE, 

CHP, or Hybrid) they deem most suitable to their needs (37). Within a smaller community microgrids 

(which can exist as neighborhoods, hospitals, even cities), the likelihood that all participants are able to 

play an active role in major decision-making processes that will have major impacts on their electricity 

needs. Instead of privatizing PREPA by breaking it up into smaller companies, these microgrid 

regulations facilitates another form of depoliticization where owners construct their own generation and 

internal transmission outside of the PREPA bureaucracy. This is extremely important given that 

PREPA’s process of contracting private corporations in previous situations have been done without 

much public transparency.  

This option is suggested by the CRS report released early November. CRS suggests that PREPA 

serve as a “federal government corporation,” a “transaction manager between power generators and 

retail distribution sellers of electricity to industrial, commercial and residential customers” (25). Instead 

of serving as the sole energy generator and distributer, organizational structures provided by microgrids 

suggest that PREPA shut down costly power plants and serve mainly those it’s stable existing 

infrastructure can reach (cities) (25). For the remaining areas (rural and otherwise) PREPA would focus 

primarily on transmission to areas where it is costly to implement, allowing sites to generate their own 

sources of energy through DERs connected by either a microgrid and/or the conventional grid (25). 

The process of achieving this kind of decentralized physical and institutional electricity structure 

would require a complete restructuring of how Puerto Rico has historically dealt with their electricity 

and energy needs. With the current fiscal situation in the commonwealth, the options chosen for 

reconstruction will ultimately be the ones that provide the most benefits for their costs. As a result, the 

quality that will determine the success of microgrid and DER implementation on the commonwealth will 

be its price tag and how much of it can be funded through outside sources.  

9. Cost and Funding of Microgrid Projects  
Small-scale energy systems have high up front costs due to economies of scale. However, these 

costs are not without added value. RMI estimates that the median price of microgrids in the U.S. is 



	 29	

$2,971/kW or “two to three times higher than large-scale generating resources” (2). It is however 

difficult to conduct cost-benefit analysis of microgrid systems in comparison with their centralized 

counterparts given the complexity of variables, sites and situations. For one, microgrid installation costs 

vary widely depending on facility needs, size of the microgrid community, and how many/what type of 

DERs the microgrid owners would like to invest in. For example, as seen in the table below, DERs can 

cost as low as $400 for a flywheel wind turbine or as high as $15,000 for a PV panel. The New York 

State Energy Research and Development Authority (NYSERDA) compiled a Benefit Cost Analysis 

(BCA) Guide for Microgrids in March of 2015 to project costs and benefits over a 20-year operating 

period.  The guide does not model the optimal project design or operating strategy but rather evaluates 

the economic viability given the cost variables including planning costs, capital costs, O&M and 

environmental costs.  It then quantifies the following benefits: energy benefits, reliability benefits, 

power quality benefits, environmental benefits and public health and safety benefits. (51) The monetary 

worth of these social benefits are often contingent on how strongly these local governments value them. 

For example, while a diesel engine exists as one of cheapest DERs, its cost effectiveness can be 

minimized if DER owners are worried about mitigating NOx and CO2 emissions. As a result, costs can 

vary widely depending on social constructs as well.  

According to the DOE, despite the need for future analysis, “microgrid investment has the 

potential to be more cost effective than alternative system upgrades to harden the system for improved 

function and reliability.” The DOE, RMI and NYPA have emphasized particular, indispensible human 

health benefits particularly for critical sites (water treatment plants and hospitals). As a result, this report 

envisions the growth and funding of microgrid developments in several steps. First, federal funds should 

be allocated to ensure that critical function facilities throughout the commonwealth (in cities and rural 

communities) have islanding capabilities. Second, rural municipalities can partner with private 

organizations to fund microgrids for remaining energy needs. Microgrids for remote communities would 

target areas that are difficult and costly for PREPA to serve, for example municipalities that are served 
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only through a single utility line. Third, policies and incentives should be created so that communities 

that are not deemed as “critical sites” have funding opportunities to build microgrid networks.  

 

Table 4: Summary of Cost and Performance Parameters for Distributed Generation Technologies 

 
Source: Federal Energy Management Program, U.S. Department of Energy 

9.1. Federal Funding may not be enough for Microgrids and DERs at Critical Sites 
Construction for future microgrid and DER systems should begin with critical function locations and 

remote communities. The NYPA define critical sites as “hospitals, police and fire stations, emergency 

shelters, critical communication infrastructure (cell phone towers), water treatment facilities, airports, 

seaports, telecommunication centers, commercial centers and industrial centers.” (22) The report details 

cost estimates for 159 critical sites and remote communities, with the total cost coming out to over $1 

billion for PV, battery energy storage systems (BESS), CHP, and emergency diesel reciprocating 
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Table 2. Summary of Cost and Performance Parameters for Distributed Generation Technologies

Technology Size Range Installed Cost Heat Rate Approx. Variable Emissions (1)
(kW) ($/kW) (Btu/kWhe) Efficiency O&M (lb/kWh)

(2) (%) ($/kWh) NOx CO2

Diesel Engine 1–10,000 350–800 7,800 45 0.025 0.017 1.7

Natural Gas Engine 1–5,000 450–1,100 9,700 35 0.025 0.0059 0.97

Natural Gas Engine w/CHP (3) 1–5,000 575–1,225 9,700 35 0.027 0.0059 0.97

Dual-Fuel Engine 1–10,000 625–1,000 9,200 37 0.023 0.01 1.2

Microturbine 15–60 950–1,700 12,200 28 0.014 0.00049 1.19

Microturbine w/CHP (3) 15–60 1,100–1,850 12,200 28 0.014 0.00049 1.19

Combustion Turbine 300–10,000 550–1,700 11,000 31 0.024 0.0012 1.15

Combustion Turbine w/CHP (3) 300–10,000 700–2,100 11,000 31 0.024 0.0012 1.15

Fuel Cell 100–250 5,500+ 6,850 50 0.01–0.05 0.000015 0.85

Photovoltaics 0.01–8 8,000–13,000 -- N/A 0.002 0.0 0.0

Wind Turbine 0.2–5,000 1,000–3,000 -- N/A 0.010 0.0 0.0

Battery 1–1,000 1,100–1,300 -- 70 0.010 (4) (4)

Flywheel 2–1,600 400 -- 70 0.004 (4) (4)

SMES 750–5,000 600 -- 70 0.020 (4) (4)

Hybrid Systems 1–10,000 (6) (5) (5) (5) (5) (5)

(1) Nationwide utility averages for emissions from generating plants are 0.0035 lb/kWh of NOx and 1.32 lb/kWh of CO2.
(2) The high end of the range indicates costs with NOx controls for the most severe emissions limits (internal combustion technologies only).
(3) Although the electric conversion efficiency of the prime mover does not change, CHP significantly improves the fuel utilization 

efficiency of a DER system.
(4) Storage devices have virtually no emissions at the point of use. However, the emissions associated with the production of the 

stored energy will be those from the generation source.
(5) Same as generation technology selected.
(6) Add cost of component technologies.
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internal combustion engines (RICE). Nonetheless, it is not guaranteed that public funds will not be 

sufficient to ensure that all critical sites are supplied with DER technologies.  

Table 5: Microgrid Cost Estimates 

Source: NYPA Puerto Rico Report, 2017 

As seen in the table below, NYPA estimates that the total cost to restore and improve the electricity 

system to industry standards (including the $1 

billion for microgrids in critical sites) is over $17 

billion dollars. As stated before, after February 9, 

the Stafford Act was amended through the 

Bipartisan Budget Act of 2018 to authorize 

FEMA to restore critical services to industry 

standards (instead of their previous condition) 

regardless of whether the facilities were damaged 

by the disaster. In response to the Bipartisan 

Budget Act, the U.S. Department of Housing and 

Urban Development (HUD) will provide up to $2 

billion in funding for improving the electrical 

system in Puerto Rico and $9 million for housing and urban development projects. In April, HUD 

awarded another 18 billion to be used for housing, economic development and infrastructure, part of 

which can be used to help repair the island’s crippled power grid. Of the award, 10 billion is allocated 

for restoration yet to be finished while 8 billion is set aside for mitigation efforts.  

From these federal grants, it is difficult to predict how these funds will be allotted for specific 

microgrid projects. Only $2 million has been specifically set aside for the electricity system, but it is 

unlikely that half of that will go to microgrid installation given that the entire electricity grid is expected 
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20% by 20353—will further reduce reliance on imported fuel, 
which costs Puerto Ricans more than $2 billion per year. 
 
The updated power system design will encourage DER 
technology providers to showcase their products and 
systems for global acceptance of such systems and set a 
model for the industry while promoting private 
investments in the use of renewables for a low carbon 
future. 
 
The evaluation of Puerto Rico’s generating fleet considered 
several issues: 

1. Near-term restoration of power to the island 

2. Opportunities to increase the use of DER 
3. Development of new targets for renewable 

resources 

4. Shift of fossil generation to primarily dual-fuel units, 
with primary fuel as natural gas 

5. Hardening of the generating facilities that will remain 

6. Reduction of generation reserve margin to 50% 
 
The issues noted above will require the 2015 IRP to be 
revisited for modification to ensure all necessary factors are 
considered, including the potential impact of increased 
DER, increased renewable targets, shift of fossil generation 
to natural gas, reduction of system reserve margin, etc. 
Depending on the results of the updated IRP, some 
generation plants could be slated for retirement and not 
require the full level of estimated expenditures for rebuild 
or hardening. 
 
At the time of this report, it is unclear what percentage, if 
any, of the PREPA system is being rebuilt to a high Category 
4 standard during restoration. As new information on the 
restoration design basis becomes available, it will be 
necessary to reassess the quantity of work that will be 
necessary after restoration. 
 
 
 
 

                                                                    
3 http://www.ncsl.org/research/energy/renewable-portfolio-
standards.aspx#pr 

Rebuild Cost Summary 

Table E-1 provides a cost summary for the recommended 
power system rebuild investments, which are further 
defined in the following sections. Additional cost detail is 
also provided in Appendix B of this report.  
 
TABLE E-1. REBUILD COST SUMMARY 

Rebuild Recommendations 
Total 

(Millions) 
Overhead Distribution (includes 38 kV) $5,268 
Underground Distribution $35 
Transmission - Overhead $4,299 
Transmission - Underground $601 
Substations – 38 kV $856 
Substations – 115 kV & 230 kV $812 
System Operations $482 
Distributed Energy Resources  $1,455 
Generation $3,115 
Fuel Infrastructure $683 
  

Total Estimated Cost $17,6064 

4 Each line item estimate includes a 30% scope confidence escalator.  Final 
cost estimates require multiple engineering studies and an updated IRP. 
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TABLE 3-7. MICROGRID COST ESTIMATES 

 
Our estimates for DER for cost savings are: 

• Solar PV on new residential construction - $315M34 

• Bring 15% of new construction or major rebuilds to 
IECC 2012 building code - $133M35 

 
Funding for the DER recommendations would primarily 
consist of CDBG, private equity or merchant development, 
and non-FEMA Federal or Territory funding for DER 
development. 

Timeline 

Investments in microgrids would occur strategically over a 
five to ten-year period, with the most critical loads 
prioritized first. This effort could be coordinated with both 
PREPA, FEMA, and USACE input and assistance to ensure 
that the highest value / highest impact facilities were 
targeted first and that lower priority sites received interim 
relief and mitigation assistance. 
 
Implementing the passive DER portion of the Working 
Group’s recommendation should start in early 2018 to 
achieve the desired timeline. Challenges to implementing 
this plan include:  

• Workforce availability - installing solar PV and 
building energy efficient homes requires specific 
skills and expertise such as electricians, roofers, and 
plumbers. Work can begin on mapping labor needs 
and conducting trainings if needed. 

                                                                    
34 Assumes a cost of $2.5/Watt plus 30% 

 

• Logistics and equipment supply - this will be a large 
undertaking. Outside partners with implementation 
experience on this scale might be required. 
Solicitations can be developed in early 2018 so 
bidders can secure a supply of equipment such as 
solar panels and inverters.  

 
The Active DER portion of the plan cannot be fully 
implemented until requisite communications and control 
systems are installed -  likely three to five years out. 
However, planning should start several years earlier.  
 
In addition, the WG recommends the next IRP specifically 
include a review of DER for both resiliency and cost savings, 
with considerations given to how strategic investments and 
locational deployment of DER can offset future 
conventional generation needs. 

System Operations 

PREPA maintains both primary and backup system control 
centers to manage the operations of the interconnected 
grid. Personnel in these control centers play a critical role 
during major storms as they are responsible for isolating 
faulted lines and substations, and dispatching generation in 
a manner that minimizes the number of customers affected 
and restoring power as quickly as possible following a 
storm, assuring customer and work crews and system 
safety. Control center staff rely on sophisticated 

35 Working Group estimates $1,500 per home plus 30% based upon an 

average from http://bcapcodes.org/tools/ica-2012/ Actual costs will vary 

significantly on a house by house basis. 

Facility Type 
Number of Sites in 

Puerto Rico 
Technology 

Required 
Estimated Cost per 

Site 
Targeted Microgrid 

Deployments 
Total CAPEX 
($ Millions) 
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Hospitals 58 PV, BESS, CHP, RICE $19 million 26 $496 

Police Stations Approx. 100 PV, BESS, RICE $240,000 20 $5 

Fire Stations 84 PV, BESS, RICE $240,000 20 $5 

Emergency 
Shelters 

452 PV, BESS, RICE $4.6 million 75 $345 

Wastewater 
Treatment 
Facilities 

50 PV, BESS, RICE $3.6 million 5 $18 

Drinking Water 
Treatment 
Facilities 

Approx. 100 PV, BESS, RICE $2.4 million 10 $24 

Remote Communities Multiple PV, BESS, RICE $38.1 million 3 $114 

TOTAL    159 $1,007 

Table	6:	Total	Costs	for	Electricity	Grid	
Reconstruction	in	Puerto	Rico	
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to require over $17 billion dollars of work. Similarly, of the $8 billion grant for mitigation efforts in 

“damaged housing, business and infrastructure,” these grants will be spread across several categories 

with listed demonstrated need by the office of the governor, as seen in the table below.  

 

Table 7: Federal Funds Requested by the Puerto Rican Governor 
Federal Funds Requested, Listed By Category Total (in $ Millions) 
Housing 31,068 
Power Grid and Resiliency 17,789 
Health and Healthcare 14,946 
Agriculture 2,076 
Social Services 288 
Economic Development 3,194 
Communications Infrastructure 1,500 
Roads & Bridges 4,497 
Ports and Airports 1,345 
Public Building Revitalization 153 
Water and Water Control Facilities 1,280 
Sanitary Sewer and Storm Drainage 1,409 
Education and Schools 8,413 
Environment and Natural Resources 1,581 
Public Safety & First Response Coordination 486 
Long-Term Recovery Management and 
Coordination 

9 

Cost Share 4,358 
  
Total 94,399 

Source: Letter from Govenor Rosselló to President Trump regarding federal assistance for rebuilding Puerto Rico, November 

2017 

9.2. Financing Vehicles for Microgrids 
Several donated microgrid technologies have helped aid many facilities in Puerto Rico after the 

hurricane (2). Nonetheless, it would be difficult for all microgrid developments to be funded through 

federal and humanitarian aide. The PREC microgrid regulations provide vehicles for third party 

ownership of microgrids. This section highlights options for how third-party ownership can serve as a 

financing option for microgrids.  

Under Power Purchase Agreements (PPA), a third-party developer owns or leases the microgrid and 

is responsible for O&M costs while the costumer agrees to buy all or part of the electricity generated for 
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the contracted period. (52) This arrangement protects consumers in that if the microgrid fails to deliver 

necessary power, consumers are not required to shoulder the cost and can look to the centralized grid for 

power options. This is a common financing option for distributed energy resources as the performance 

and management risks are shifted to a third-party developer.  

Energy Savings Performance Contracts (ESPC) requires that contractors supply the entire capital 

cost for constructing a project. Contractors are paid only when the project generates cost savings. As a 

result, ESPCs guarantees energy savings and reductions and will reimburse customers if the grid fails to 

meet these expectations. The state of Hawaii currently has a $207 million ESPC with Johnson Controls 

Inc. to provide solar power to all Hawaii airports. The 20-year project is expected to generate more than 

$600 million since its start in 2014 at no cost to Hawaiian taxpayers. (53)  

10. Strong Regulatory Action is needed for quick and equitable deployment of DERs 
and Microgrids 

The main problem financing microgrids is that not all individuals, communities and local 

municipalities are able to draw third party investors. As a result, microgrids may end up only being 

constructed in communities most attractive to investors, rather than communities that most need it. This 

brings up the issue of inequity. As with all innovations, there is always a danger of leaving people 

behind. Technologies serving to help solve the inequity of electricity access must not cause further 

inequities for those who are unable to access these technologies. As a result, it is extremely important 

that there exists strong regulatory action by the Energy Commission and the government to promote and 

incentivize DER and microgrid investments generally and specifically in the communities that most 

need it. Utilizing federal funds and aid to meet the needs of most critical sites is the first step. The next 

steps are to create regulatory spaces that will incentivize investors.  

10.1 Aggressive Targets increase learning curves and decrease installment time 
First, in terms of quickening the pace for DER developments, it is important that PREC and the 

local government set aggressive targets. This strategy has shown to be extremely effective in California, 

when a catastrophic leak in 2015 threatened electricity reliable across southern California and was 

declared a state emergency. Six months later, Tesla, Greensmith Energy and AES Energy Storage 

successfully installed over 70MW of large-scale storage that stabilized peak generation (2). The speedy 

deployment of three large-scale lithium-ion battery projects is the result of strong regulatory action by 

the California Public Utilities Commission (CPUC), a regulatory agency akin to PREC (2). In 2013, 

legislation was passed to enforce utilities regulated by CPUC to procure energy storage capable of 
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delivering a total of 1,300 MW by 2020, operational by 2024 (2). Industries in California therefore had 

familiarity with energy storage technology and procurement and were able to swiftly install emergency 

batteries under dire circumstances. 

10.3. Microgrid and DER Incentives 
Puerto Rico currently has several existing incentives for renewable generation. Net metering 

allows PREPA costumers to install their own distributed generation to offset electricity purchased. 

Nonetheless, owners of these DERs much purchase their own bidirectional meters in order to receive 

cost subtractions for self generated electricity on their PREPA bills. As stated before, the 2010 RPS 

requires PREPA procure 20% of retail sales from “green energy sources” (25). Furthermore, the Green 

Energy Fund (GEF) offers government rebates for up to 40% of eligible costs for installations up to 100 

kW and 50% of eligible costs for projects between 101kW and 1MW. Renewable energy developers 

claim implementation of these policies are slow, and as a result are reflected in the small share of 

renewable generation and DERs in the island’s energy system (25). 

Microgrid specific incentives are difficult to design in that microgrids must oftentimes await 

installation and siting of DERs first. On the other hand, consumers are often hesitant to install DERs 

without first knowing that there will exist some way to distributed these distributed technologies. One 

method governments can use to incentivize the growth of both DERs and the microgrid infrastructures 

that connect them is to incentivize both simultaneously. For example, New York has a state sponsored 

competition to provide $40 million dollars for community microgrid projects. The New York 

Governor’s Office of Storm Recovery offers financial support for feasibility studies (Stage 1), 

engineering design and business planning (Stage 2) and project build up and post-operational monitoring 

(Stage 3). The prize is eligible for a wide variety of communities across the state of New York:  

universities, municipalities, counties, utilities, energy service companies, property owners, schools, 

emergency shelters, hospitals and critical facilities. (54) These programs incentivize not just private 

involvement in microgrid investments but involvement throughout the community.  

10.3. Clear Guidelines attract Investments while leaving room for Innovation 
Private investors are often hesitant to develop projects that would require heavy regulatory 

oversight, rate regulations and other utility specific rules (25). As microgrids include transmission and 

distribution components, these aspects will require oversight by PREC as well as communication with 

PREPA. As a result, having clear guidelines for microgrid specific developments would be vital for 

supporting private investments in these industries. Other than the recent PREC microgrid guidelines, no 

other U.S. regulatory agency has released official regulatory guidelines for microgrids. Furthermore, 
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while the first, these PREC guidelines only scrape the surface of the complexity of microgrid systems. 

By continuing to clarify regulations, PREC can increase private participation by reducing their 

investment risks. Furthermore, it is important that these regulations provide a framework, but do not 

create barriers for integration of novel technologies. For example, in February of this year, FERC 

commissioners unanimously approved a bill to “remove barriers to the participation of electric storage 

resources” in the wholesale energy markets. While these regulations aim to reduce risk by clarifying the 

arena for which investors can work in, rules that also avoid stifling innovation will make it so that 

barriers would not need to be removed in the first place.  

11.0 Conclusions and Summary  
Energy security and resiliency is not a problem unique to Puerto Rico. In the beginning of this 

year, the arrival of a bitter cold winter in the northeast resulted in a surge in heating demand that 

compromised fuel resources and resulted in power outages (8). According to the Pew Charitable Trusts, 

from 2005 to 2014, all 50 states and the District of Columbia issued at least three federal emergency or 

major disaster declarations in response to natural disasters, including floods, hurricanes, severe storms, 

wildfires, and blizzards. Furthermore, states that have declared the most federal emergencies are not 

states on the coast impacted by increasing weather events spurred by climate change. In fact, the state 

with the most declarations was Oklahoma, with 35. (50) As a result, understanding how new 

technologies can be integrated into our existing energy infrastructures for more resiliency and security is 

not just a problem for areas prone to hurricanes, but an endeavor that should taken up by all states.  

The current situation in Puerto Rico presents a distinctly unique but challenging opportunity to 

begin the regulation of microgrids and distributed energy resources. While Puerto Rico shoulders a 

burdensome trial of reconstructing its energy infrastructure, there now exists a more pressing urgency to 

re-access and restructure the institutions that govern it. Microgrid infrastructures provide not only 

technical solutions to energy instability, but also breaks down the traditional, unidirectional system of 

energy production and distribution. Microgrids empower individuals to take autonomy in their energy 

production, an action that can greatly shift Puerto Rican trust in its failing electricity utility. A study on 

community acceptance of wind farms found that a sense of ownership greatly increases the likelihood 

that renewable energy projects are accepted (5). Furthermore, the study also finds that energy 

investments initiated by “community outsiders” or energy companies are more likely to face resistance 

by local residents (5). The country’s first official microgrid regulations, though preliminary, is beginning 

to pave the road for more consumer centered energy projects that can transform our current electricity 

system into one that is distributed and multidirectional. While transformation will not appear overnight, 
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the steps that Puerto Rico is taking in microgrid developments can result in not just decentralized energy 

production and distribution, but also decentralized and localized institutions. Utilizing these 

technologies—microgrids and distributed energy, renewable energy and battery storage—for the 

revitalization of our centralized electricity infrastructure can help the U.S. set precedence for a 

sustainable, resilient and consumer centered energy market throughout the country. 
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