
   

 

1 
 

 

 

 

EVALUATING VIABILITY OF COMMUNITY SOLAR 

MICROGRIDS FOR RESILIENCE IN PUERTO RICO 

 
 

by 

 

 

Simeng Deng, Asger Hansen, Galen Hiltbrand,  

Sean Maddex, & Santiago Sinclair Lecaros  

 

 

Dr. Elizabeth Albright & Dr. Lori Bennear, Advisors 

 

 

April 26th, 2019 

 
 
 
 
 
 
 
 
 

Masters project submitted in partial fulfillment of the requirements for the  
Master of Environmental Management degree in the  

Nicholas School of the Environment of Duke University 
  



   

 

2 
 

Table of Contents 
 Executive Summary .......................................................................................... 3 

 Acknowledgements ........................................................................................... 7 

 List of Acronyms ............................................................................................... 8 

 Introduction ....................................................................................................... 9 

 Background ..................................................................................................... 12 

 Puerto Rico Electrical Power Authority ..................................................... 12 

 Hurricane Impacts .................................................................................... 17 

 Puerto Rico’s Response to Hurricane Impacts on Electrical Grid ............. 18 

 Microgrids ................................................................................................. 21 

 Regulation on Microgrid Development ..................................................... 29 

 Toro Negro, Puerto Rico ................................................................................. 32 

 Toro Negro’s Microgrid ............................................................................. 34 

 Governance of Toro Negro’s Microgrid .................................................... 36 

 Energy Production and Financial Models ................................................. 47 

 Policy Analysis ................................................................................................ 59 

 Policy Gaps .............................................................................................. 59 

 Policy Options to Support Small Renewable Energy Projects .................. 60 

 Policy Evaluation Framework ................................................................... 63 

 Evaluation of Policy Options ..................................................................... 63 

 Lessons Learned & Recommendations .......................................................... 68 

 Governance of Microgrids ........................................................................ 68 

 Financial Opportunities to Reduce Costs ................................................. 69 

 Apt System Size ....................................................................................... 70 

 Comprehensive Data Collection ............................................................... 71 

 System Design Tailored to Regulation ..................................................... 71 

 References ..................................................................................................... 73 

 Appendix ......................................................................................................... 81 

 Energy Production Model Extended Methodology ................................ 81 

 Tariff Structure and minimum demand charge ...................................... 82 

 Relevant Energy Policies ...................................................................... 84 

 Income Statement of Microgrid Operations ........................................... 87 

 



   

 

3 
 

 Executive Summary 
Hurricane Maria, which hit the Caribbean two weeks after Hurricane Irma in 

September 2017, caused the largest electricity blackout in United States’ history 

(Houser and Marsters 2018). It took nearly a year—eleven months—for Puerto 

Rico to fully regain power. Furthermore, Hurricane Maria ranks as the second 

deadliest natural disaster (Kishore et al. 2018) and the third costliest hurricane on 

record in the U.S (NOAA 2018).  

 

After the hurricanes, Toro Negro—a rural community nestled into the mountains of 

Puerto Rico—went without electricity for a staggering eight months. Through 

donations channeled by Fundación Comunitaria de Puerto Rico (FCPR)1 and 

Somos Solar2, the community secured access to reliable and resilient electricity by 

installing Puerto Rico’s first community solar microgrid. This Master’s Project aims 

to develop an effective management strategy for Toro Negro’s solar microgrid 

system in Puerto Rico. Our research team developed a governance strategy, an 

electricity price rate, an operations and maintenance plan, and a set of policy 

recommendations to ensure the microgrid system remains economically feasible, 

well operated, and effectively governed for the lifetime of the system.  

 

Governance Analysis 
To provide Toro Negro with concrete advice about governing their microgrid, our 

team conducted a SWOT analysis and identified the strengths (S), weaknesses 

(W), opportunities (O), and threats (T) of their microgrid system. This analysis was 

based upon meetings with Toro Negro and FCPR, which we compared to literature 

regarding the best practices for governing common pool resources (CPR) and 

energy access projects. We conducted a TOWS3 analysis to identify corresponding 

strategies for managing this microgrid based upon the SWOT analysis (Johnson 

2011).  

                                                 
1 FCPR: Puerto Rican Non-profit organization focused on community-based development projects 
2 Somos Solar: Puerto Rican Non-profit organization focused on the integration of solar photovoltaic 
energy 
3 TOWS (SWOT backwards) is a tool to identify strategies that use strengths of a system to maximize 
opportunities and minimize threats. It also identifies ways to minimize weaknesses by maximizing 
opportunities and avoiding threats (Johnson 2011).  
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Key governance strategies for Toro Negro’s microgrid include:  

• Implementing energy training programs for community leaders and users to 

better manage and understand the system.  

• Continuing monthly meetings to reinforce rules of the shared system and 

discuss any issues with the operations of the microgrid. 

• Exploring online billing options to simplify the payment process and track the 

finances and consumption data for future modelling. 

 

Next, the research team took the lessons learned from Toro Negro’s microgrid in 

combination with strategies from literature regarding CPR management to identify 

common governance criteria for microgrids in general. Based on this analysis, the 

team established framing questions for FCPR and other funders to select 

communities with strong potential for future microgrid projects. 

 

Framing questions to assist the governance of future microgrid projects include: 

• Does the community have frequent face-to-face communication to foster 

trust among users of the system? (Dietz et al. 2003) 

• Will the community have adequate support from external organizations or 

energy providers? (Gollwitzer et al. 2018) 

• Can the participation of decision makers be enhanced by establishing a 

board to manage the microgrid? (Ostrom 2008) 

• Has an external party set the price rate of electricity to avoid conflict of 

interest? (Gollwitzer et al. 2018) 

 

Financial Analysis  
To ensure economic feasibility, the research team estimated the electricity 

generation and consumption in the Toro Negro community. Electricity generation 

and consumption were estimated by pairing a solar photovoltaic (PV) energy 

production model with a financial model. To account for uncertainty, the models 

included three consumption scenarios (high, medium, and low demand). The 
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outputs of the PV energy production model were then input into a financial model 

to gain insight into expenses and revenue of the microgrid through the year 2050. 

The outcomes of these models served as the basis developing an operations and 

maintenance plan for the system—determining when components need to be 

replaced.  Finally, our team determined the minimum cost per kilowatt-hour that 

would need to be charged to users of the microgrid to ensure a positive cash flow 

given the projected operations and maintenance on the system.  

 

Unsurprisingly, the result of the modeling indicates that electricity price required to 

ensure positive cash flow for the community to maintain the system is highly 

dependent on the actual electricity consumption.  The higher the electricity 

consumption, the lower the price per unit of consumption required to offset the 

largely fixed maintenance costs.  Specifically, we found that a price of $0.40 per 

kilowatt-hour is the minimum required price to guarantee a positive-cash balance in 

the low-demand scenario. In the medium-demand scenario, a price of $0.34 per 

kilowatt-hour is the minimum required price. Finally, in the high-demand scenario, 

$0.30 per kilowatt-hour is the minimum (in 2019 USD). In comparison, the cost per 

kilowatt-hour on the main grid in Puerto Rico is currently $0.24.  Thus, even in the 

high-use scenario, the costs of electricity produced from this microgrid is higher 

than the cost from the island grid. 

 

Part of this increase in costs is due to differences between the electricity 

generating capacity of the system and the electricity consumption of users. Our 

analysis indicates that the microgrid system is underused or was built at too great a 

capacity. The underutilization of the system could pose a threat to the economic 

vitality of the system.  

 

A long-term solution for the community of Toro Negro can be considered after 

collecting data on the net electricity generation over a whole year. If the system is 

severely oversized, it can be resized by replacing components of the system at 
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smaller sizes during the required periods of capital reinvestment.  This would lower 

maintenance costs over time. 

 

In the short term, the research team identified three financial options that the 

community may consider in order to reduce the rate charged per kilowatt-hour. 

1. Insurance of the microgrid system alternative: Our financial analysis shows 

that there can be savings in annual insurance premium for the microgrid 

system and its components. For every $1,000 in savings on the insurance, 

there could be a subsequent reduction of approximately $0.02/kWh in 

monthly rates. 

2. Battery storage alternative: Forty-six percent of the expenses on capital 

investments go towards renewing system batteries. However, given our 

suspicion that the system may be oversized, using fewer batteries may 

present the biggest opportunity to cutting costs in the future. 

3. Subsidies alternative: In our financial model results, our research offers a 

sensitivity analysis that demonstrates the estimated direct subsidy required 

in case the community decides to charge their residents a lower rate for 

economic reasons. This direct subsidy ranges from $12,279 to $2,046 in 

scenarios that charge $0.10 to $0.30 per kWh respectively. These results 

are under a medium electricity consumption per home. 

 

Policy Analysis 
The research team identified two significant gaps in the current legislative 

framework: policies focused on incentives for development (rather than incentives 

for existing projects) and policies that fail to support smaller renewable energy 

projects. Through evaluating the effectiveness of multiple policies, a direct subsidy 

tailored to small renewable energy producers would be optimal. 

 

Overall, our research hopes to serve as a blueprint for other communities looking 

to transition to clean energy and increase storm resiliency through lessons learned 

from Toro Negro’s microgrid and the current policy framework. 
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 Introduction 

In September 2017, Puerto Rico was struck by two category 5 hurricanes within 

two weeks, Hurricanes Irma and Maria. The impact of these hurricanes to the 

island was catastrophic. Hurricane Maria, the latter of the two hurricanes, caused 

the largest electricity blackout in U.S. history (Marsters and Houser 2017). It took 

11 months to restore power to the entire island and in total, Puerto Rico 

experienced more than 3.4 billion customer-hours of electricity lost (Houser and 

Marsters 2018). It was also the second deadliest hurricane on record in the U.S. 

with a death toll of roughly 4,000 people killed due to direct and indirect impacts of 

the hurricane (Kishore et al. 2018). Finally, the impact of Hurricane Maria—

exacerbated by the damage of Irma—makes it the third costliest hurricane on 

record in the U.S. with an estimated cost of $94 billion dollars (NOAA 2018). 

 

The aftermath of Hurricane Maria’s impact saw a slow response from local 

authorities to address emergency issues and uncovered an existing electric energy 

crisis in the island. The energy crisis was most visible with the inefficiency of the 

Puerto Rico Electric Power Authority (PREPA), the public electricity utility, as it 

took nearly a full year to reconnect the entire grid. The slow pace to re-establish 

the electric grid, particularly outside major urban areas, became the key driver for 

communities across the island to begin collaborating and partnering with non-profit 

organizations, technology manufacturers, and project developers. This created a 

bottom-up response4 to reconnect communities and regain power across the 

island.  

 

Our team of graduate students from Duke University’s Nicholas School of the 

Environment met Fundación Comunitaria de Puerto Rico (FCPR), a local non-profit 

organization focused on community-based projects, to address energy issues 

caused by Hurricanes Irma and Maria. In coordination with FCPR, the team was 

                                                 
4 Collective action from the local community level to effect change at the local, regional, or national level. 
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able to connect with the community of Toro Negro—a rural community that had 

recently constructed a solar microgrid in partnership with FCPR and Somos Solar. 

 

The Toro Negro community solar microgrid is a unique project as it is the first of its 

kind on the island. Currently, the system is installed and providing electricity to the 

residents of Toro Negro. However, one of the main questions from the community 

was how they were going to operate this system and move forward with this project 

in the future.  

 

Based on the community’s needs, the main objective of this Master’s Project was 

to develop a management strategy for community solar microgrid systems in 

Puerto Rico. The specific aims of the project were to: 

 

1. Review and analyze the political feasibility for microgrid plans in Puerto 

Rico: Evaluate the policies, plans, and programs already in place that may 

support or constrain a potential microgrid system with renewable energy. 

Continue to monitor policies that would affect Puerto Rico’s energy sector. 

Identify gaps within the policy framework, including any potential policies 

that would support or inhibit microgrids in Puerto Rico. 

 

2. Develop a microgrid operations and maintenance plan: A plan that will 

revise technical variables, steps, and processes for the optimal operation 

and maintenance of the designed microgrid in time. Focus on equipment 

maintenance and replacement as well as the required costs and timeline for 

such activities. Analyze potential expansion and resilience of the microgrid.  

 

3. Propose a business model for the existing microgrid: Include an analysis of 

the different business models for the microgrid to operate. Identify ways to 

incorporate local workforce and maximize benefits to local community. 
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4. Conduct a community governance analysis of microgrids: Analyze 

community participation and readiness, as well as the role of different 

potential stakeholders/actors in the governance and operations of the 

system. Provide recommendations to Toro Negro, and similar microgrid 

projects, through extensive research in common resource governance. 

 

The first section (Section 5) of this report will provide background on Puerto Rico’s 

electricity market, the impacts of Hurricanes Irma and Maria, and the island’s 

response to these natural disasters. This section will also provide an overview 

about microgrid systems and their current regulatory status in Puerto Rico.  

The next section (Section 6) will focus on the microgrid system in the community of 

Toro Negro, Puerto Rico. It will provide detailed governance recommendations and 

an in-depth financial analysis of Toro Negro’s microgrid.  

Following, Section 7 of the report will provide an analysis of the policies and 

regulations influencing microgrid projects in Puerto Rico.  

The last section (Section 8) will offer lessons learned from Toro Negro’s 

experience and recommendations for future community solar microgrid projects.   

 

    



   

 

12 
 

 Background 
The Commonwealth of Puerto Rico is an unincorporated territory of the United 

States located in the northeast Caribbean Sea. Residents of Puerto Rico are U.S 

citizens, but they have no voting representation in Congress and cannot vote for 

the U.S president. The total population is 3.2 million (US Census Bureau 2018). 

Puerto Rico’s territory consists of the main island, Vieques, Culebra and other 

small islands. The climate classification in Puerto Rico is tropical forest, being 

warm to hot through the year and experiencing a cyclone of tropical storms roughly 

every five years (Justiniano and Mercado 2016). The official languages of Puerto 

Rico are Spanish and English, Spanish being the primary language.  

 

 Puerto Rico Electrical Power Authority 

The Puerto Rico Electrical Power Authority (PREPA) has been the island’s sole 

public power utility since its creation in 1941. It is a vertically-integrated public 

utility, meaning it oversees the generation, transmission, and distribution of 

electricity in Puerto Rico. PREPA has been operating the electrical grid for over 70 

years as a tax-exempt, self-regulated, public monopoly, with the market power and 

the legal authority to recover all its costs from its customers (Center for the New 

Economy 2009). This is mainly because PREPA has not been held accountable to 

an independent regulator since Puerto Rico is not within the U.S.’s Federal Energy 

Regulatory Commission (FERC)’s public utility-related statutory authority.  

 

PREPA’s is almost entirely dependent upon imported fossil fuel for energy 

production. According to the Fiscal Plan from August 1, 2018, PREPA serves 

approximately 1.5 million customers and a total system generating capacity of 

6,085 MW and transmission & distribution lines of 33,000 miles. PREPA owns six 

major generating plants and a number of smaller facilities all dependent on fossil 

fuel that are capable of generating a total of 4,892 MW, accounting for 

approximately 80% of the total energy production on the island (PREPA 2018) .   
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The other 20% of the total energy production on the island is privately produced by 

a series of independent power production facilities that have Power Purchase 

Agreements (PPAs) with PREPA. The independent power production (IPP) 

facilities are: EcoEléctrica, L.P (natural gas); AES Puerto Rico, L.P. (coal); 

Windmar Renewable Energy, Inc. (wind); Pattern Santa Isabel LLC (wind), AES 

Ilumina, LLC (solar); and Punta Lima Wind Farm LLC (wind) (Ramirez,R. 2015).   

 

While the independent power producers account for 20% of total generation, most 

of this generation is from fossil fuels (natural gas and coal).  Only 2% of annual 

electricity generation in Puerto Rico comes from renewable sources (wind, solar, 

hydro).  In total, the electricity grid in Puerto Rico is 98% reliant on fossil fuels (EIA 

2018).  In comparison, on average the mainland U.S. grid gets 17% of power from 

renewables and an additional 20% from nuclear, leaving 67% of total generation 

from fossil fuels (EIA 2019). 

 

Currently, PREPA’s electricity generators are almost three decades older than the 

U.S. average and the power grid has experiences outage rates 12 times higher 

than the U.S. average (EIA 2018). In addition, PREPA’s 5-year-capital-

improvement, which predates the hurricanes, was to retrofit outdated oil generators 

with the proceeds of long-term debt5 (Center for the New Economy 2009). 

 

During November 2018 electricity prices in Puerto Rico reached $0.22 per kWh in 

the residential sector and $0.24 per kWh in the commercial sector, this is two times 

the U.S average (EIA 2018). This high electricity price market can be attributed to 

PREPA’s regulatory regime, its dependency on imported fossil fuels and its costly 

operating grid. On one hand, PREPA has operated as a cost of service (COS) 

regulatory regime and as it was mentioned it is not held accountable to an 

independent regulator such as a Public Utility Regulator. On most markets, the 

independent regulator certifies that the costs are real and sets the appropriate rate 

                                                 
5 Historically, approximately 90% of PREPA’s capital expenditures have been financed with borrowed 
funds, while only 10% with internally generated funds. 
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of profit. However, the lack of an independent regulator in Puerto Rico allows 

PREPA to recover all its costs, plus a regulated rate of return on their investment. 

Furthermore, the COS regulatory regime disincentives the minimization of costs, as 

all costs are passed to the consumer (Center for the New Economy, 2009).  

 

Furthermore, the grid is dependent upon outdated capital-cost-intensive retrofitted 

plants that use mainly oil fuel. This fuel type has kept consumers paying electricity 

rates that follow unstable prices6. Finally, the way PREPA calculates the energy 

purchase and fuel adjustment charges has historically resulted in overcharging 

electricity consumers in Puerto Rico. In essence, the aim of these energy charges 

is to allow PREPA to recover the fuel costs associated with the generation of 

energy as well as the costs associated with purchasing electricity from IPPs. 

However, PREPA charges customers for their electricity usage7 plus the amount 

that electricity would cost if purchased solely from IPPs8, causing a duplication in 

the charges (Center for the New Economy 2009). For example, a hypothetical 

customer consumes 1,000 kWh/month, 70% of which came from PREPA’s power 

plants and 30% of which came from IPPs. The customer’s bill would include a 

charge of $180.72 ($0.180724 per kWh) for the fuel used to generate that 1,000 

kWh of electricity by PREPA. The bill would also include a charge of $24.00 

($0.024 per kWh) for 1,000 kWh of purchased electricity. Therefore, the customer 

is ultimately charged for the purchase and generation of 2,000 kWh total instead of 

the 1,000 kWh the individual consumed (Center for the New Economy 2009). 

 

Prior to hurricane Maria, Puerto Rico found itself on the verge of defaulting on its 

government-issued bond.  In response to the fiscal crisis, the U.S. Congress 

passed the Puerto Rico Oversight, Management and Economic Stability Act of 

2016 (PROMESA) which, in part, established the Federal Oversight and 

Management Board (FOMB) to oversee Puerto Rico’s finances.  In July 2017, a 

                                                 
6 Oil-fuel prices are projected to reaching over $100 per barrel by 2035 (EIA, Annual Energy Outlook 
2019) 
7 PREPA’s fuel adjustment charge.  
8 Purchased energy charge from IPPs  
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few months prior to Hurricane Maria, the FOMB voted to authorize PREPA to file 

for bankruptcy with a $9 billion debt (Walsh 2017). PREPA’s bankruptcy can be 

linked to how Puerto Rican public corporations and entities began issuing their own 

bonds to obtain easy access to credit through the domestic U.S. bond market 

(Center for Economic and Policy Research 2018). The legal protections and the 

tax-exempt status made the bonds sufficiently attractive to ignore the island’s 

macroeconomic reality of a stagnating economy since 2006. By 2015, the yields on 

Puerto Rico’s bonds increased to 11% from under 5% in 2006, making it even 

harder for Puerto Rico to finance expenses and eventually led to the fiscal and 

debt crisis of the island (Center for Economic and Policy Research 2018). 

 

PREPA’s bankruptcy has led to a present situation where local authorities and 

different stakeholders are seeking to find a coherent and fiscally viable way to fund 

the renovation of the electric grid. This can be seen in the recently signed Puerto 

Rico Energy Public Policy Act (Senate Bill 1121) as well as in the development of 

the Integrated Resources Plan (IRP) of Puerto Rico’s power grid. Senate Bill (SB) 

1121 requires PREPA to go through privatization plans by delegating and/or 

transferring the operation, administration, and/or maintenance of its transmission 

and distribution system. Puerto Rico’s 2018-2019 IRP models different scenarios 

and resources for Puerto Rico’s new electric grid that aims to reach 100% 

renewable by 2050. All scenarios include a robust integration of renewable 

resources as well as natural gas plants and energy storage into the grid and/or a 

set of mini grids (Siemens Industry 2019).  Both documents fall short of a detailed 

plan to secure financing for these ambitious goals.  

 

Furthermore, PREPA’s powers, duties, and responsibilities would be modified with 

the creation of the Puerto Rico Energy Bureau (PREB) and SB 1121. SB 1121 

includes a provision that seeks to eliminate PREPA’s monopoly status for the 

island’s electric utility. Act 57-2014 (Puerto Rico Energy Transformation and 

RELIEF Act) gives PREB the responsibility to regulate, monitor, and enforce 

energy policies including establishing and implementing electricity regulations. 
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Table 1 displays an overview of legislation that impact Puerto Rico’s electricity 

sector. Key pieces of legislation are elaborated upon in Section 7 of this paper. 

 

Table 1. Puerto Rican Energy Legislation Chronology 

Puerto Rican Energy Legislation Chronology 

1941 
Puerto Rico Electric Power Authority Act 

• Establishes PREPA 

2007 
Net Metering Act 

• Authorizes the creation of a net metering program by PREPA to allow for the 

interconnection of renewable generation sources to the grid. 

2010 

Public Policy on Energy Diversification by Means of Sustainable and Alternative 

Renewable Energy in Puerto Rico Act 

• Establishes an RPS for Puerto Rico 

• Creates Puerto Rico Renewable Energy Commission 

• Establishes a REC (Renewable Energy Certificate) program 

2010 

Green Energy Incentives Act of Puerto Rico 

• Further sets up REC program 

• Creates Green Energy Fund of Puerto Rico 

• Creates a uniform economic benefit scheme 

• Creates tax benefits for renewable energy projects 

2014 

Puerto Rico Energy Transformation and Relief Act 

• Limits the powers of PREPA and adds more oversight 

• Creates Commonwealth Energy Public Policy Office (CEPPO) 

• Creates the Energy Commission to function as a regulatory body 

• Creates the Independent Consumer Protection Office (ICPO) 

2016 

Puerto Rico Oversight, Management, and Economic Stability Act 

• Establishes the Financial Oversight and Management Board (FOMB) 

• PREPA is designated as a covered entity granting FOMB authority over it 

• Requires agency’s budgets and fiscal plans to be approved by FOMB 

• Grants FOMB the power to review legislative acts and their effects on the budget 

• Grants FOMB powers to enforce budgetary compliance 

2016 

Electric Power Authority Revitalization Act 

• Focuses on restructuring PREPA 

• Addresses issues with PREPA’s debt and lack of capital investment 

2018 

Puerto Rico Electric Power System Transformation Act 

• Creates the legal framework, in conjunction with the Public-Private Partnership Act 

(2009), to allow PREPA to sell off its electric power generating assets and 

delegate/transfer its operations 

2018 

House Bill 1408 

• “Consolidation of the Public Service Commission; the Puerto Rico Energy 

Commission, which will now be known as the Energy Bureau; and the 

Telecommunications Regulatory Board as bureaus under the Public Service 

Regulatory Board” 

• Doesn’t change authority of the former Energy Commission 
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 Hurricane Impacts   

In September 2017, two consecutive hurricanes hit the island of Puerto Rico. 

Hurricane Irma struck Puerto Rico as a Category 5 storm on September 6th and 7th, 

2017, leaving more than one million residents without electricity (PRERWG 2017). 

Two weeks later, on September 20th, Hurricane Maria made landfall in Puerto Rico 

with 155-mph winds and 25-inch rains. Maria further destroyed the electrical grid, 

leaving Puerto Rico’s 3.4 million residents without power (PRERWG 2017).  

 

Including the outages on neighboring U.S. Virgin Islands, Hurricane Maria caused 

the largest blackout in U.S. history (Marsters and Houser 2017). The hurricane 

destroyed roughly 80% of the island’s transmission lines, indicating the lack of 

resilience in the previous electrical grid (Becker 2017). By May 2018, eight months 

after the storm, the hurricane had already caused 3.4 billion lost customer-hours of 

electricity in Puerto Rico and the U.S. Virgin Islands (Houser and Marsters 2018). It 

took nearly one year – eleven months – for Puerto Rico to fully regain power 

(Campbell 2018). 

 

The immense blackout after Hurricane Maria brought about social and economic 

impacts. Social impacts affecting residents included the loss of private 

property, limited access to medical services, shortages of fresh food, a lack 

of cellphone signal, and closed markets and restaurants (Dreazen 2017). 

According to the National Hurricane Center of the National Oceanic and 

Atmospheric Administration (NOAA), monetary losses were estimated to be $90 

billion (NOAA 2018). This ranks Hurricane Maria as the third costliest hurricane in 

the U.S. on record after Hurricane Katrina in 2005 and Hurricane Harvey in 2017 

(NOAA 2018). 

 

As Hurricane Maria demonstrated, prolonged power outages can limit access to 

water supplies and medical services, resulting in increased mortality rates. A study 

published by the New England Journal of Medicine suggests that the death toll on 

Puerto Rico may have been over 4,600 people (Kishore et al. 2018). This places 
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Hurricane Maria as the second deadliest natural disaster on record in the United 

States. To put this number into perspective, this is more than twice the amount of 

people who were killed by Hurricane Katrina (Campbell 2018).  

 

Even though power is currently restored across Puerto Rico, the electrical grid 

infrastructure remains delicate due to the amount of damages incurred and 

PREPA’s troubled economic state, explained in Section 5.1 above. The lack of 

hardened infrastructure has resulted in continued periodic blackouts across the 

island. 

 

Unfortunately, as global temperatures continue to rise due to anthropogenic 

climate change, the intensity of hurricane activity is projected to become more 

extreme. Climate change leads to warmer sea surface temperatures, which 

enhances the amount of energy available to hurricanes. According to NOAA’s 

Geophysical Fluid Dynamics Laboratory, climate models do not project an 

increased number of hurricanes; however, the proportion of hurricanes that reach 

destructive Category 4 and 5 levels are projected to increase (NOAA 2019). In 

addition, warmer atmospheric temperatures allow for the air in tropical areas to 

hold more moisture. As a result, models predict that with an increase in global 

temperatures of 2˚C above preindustrial levels, the average rainfall rates of 

hurricanes will increase by 10-15% (NOAA 2019). Sea level rise will contribute to 

higher storm surge levels than those of present-day hurricanes. These factors are 

particularly concerning to island states and coastal communities that are vulnerable 

to the worst impacts of these storms (NOAA 2019).  

 

 Puerto Rico’s Response to Hurricane Impacts on Electrical Grid 

As previously mentioned, Hurricane Maria’s impact unveiled an existing 

electric energy crisis on the island. This was clearly evidenced by the outages and 

delayed reconnection that followed the hurricane. Electricity generation dropped by 

60% in the fourth quarter of 2017 compared to the same period in 2016 (EIA 2018). 

This crisis can be traced to PREPA’s management in the period before Hurricane 
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Maria struck. PREPA was operating an outdated and expensive grid without major 

strategic or emergency contingency planning, failing to deliver a reliable and 

resilient service.   

 

The energy crisis induced by Hurricanes Irma and Maria brought the need for a 

new approach for electric power for the island into sharp focus. This crisis became 

the driving force behind bottom-up movements among residents and communities 

across the island who began collaborating with non-profit organizations, technology 

manufacturers, and project developers to create distributed solar electricity 

resources to power a small number of (often a single) households.  

The community bottom-up response projects were mostly paired with renewable 

energy, specifically solar photovoltaic. Solar energy has provided more electricity 

than any other renewable source in the island9 (EIA 2018) and today one-fourth of 

Puerto Rico’s annual solar generation comes from distributed solar panels on 

homes and businesses (EIA 2018). This flurry of activity demonstrated that 

communities have taken action supported by local actors, foundations, and 

developers to create energy independence for their families and municipalities 

across the island.   

Communities such as Toro Negro, El Coqui, and Vieques are at the forefront as 

examples of communities that are moving forward with solar microgrids. In August 

2018, The Toro Negro community created the non-profit organization Comunidad 

Solar Toro Negro to manage and operate their microgrid of 20 solar PV rooftop 

plus storage system powering 28 homes. They will soon be installing another PV 

system on their community center.  

El Coqui is a community in Salinas that is neighboring two coal power plants, AES 

and Aguirre. The community created the group Junta Comunitaria del Poblado 

                                                 
9 Puerto Rico has 127 megawatts of utility-scale solar photovoltaic generating capacity and 88 
megawatts of distributed capacity. 
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Coquí and currently works in collaboration with Eco Desarrollo de Bahía de Jobos 

(IDEBAJO), a non-profit organization that integrates community organizations, 

fishermen associations and the Environmental Dialogue Committee for the 

sustainability of the coastline. This partnership has been seeking to find energy 

independence from PREPA even before the hurricanes of 2017. The community 

states that pollution from the neighboring coal plants have reached critical levels 

and is affecting the respiratory health of residents (Guzmán 2018).  

The initial stage of the project Coqui Solar has been finished, marked by the 

installation of a solar PV system on their community center. Moving forward, the 

plan for the second stage of the project is to install PV systems on 40 neighboring 

residences (Guzmán 2018). 

Vieques is an island off the northeastern coast of Puerto Rico home to 9,000 

people. From the 1940s through 2003, the U.S. Navy maintained and operated a 

large naval base on the island of Vieques.  Since the U.S. Navy left Vieques, the 

island has relied almost solely on tourism.  Currently, there are 30 kW of solar and 

storage powering the wastewater treatment of the island (Kern 2018). Vieques was 

connected to PREPA’s power grid through submarine transmission lines damaged 

after the hurricane. Because the estimated time to repair these transmission lines 

is four years, PREPA had a request for proposals sent to solve the delivery of 

energy through alternative solutions, other than submarine transmission lines. This 

sparked great interested in solar developers and technology manufacturers to 

develop community and municipal microgrids as well as a community center 

(Assad et al. 2018).  

There has also been interest in projects utilizing other renewable energy sources 

such as hydropower. According to personal communication with Unidos por 

Utuado, a local non-profit organization that has worked to assist communities after 

the impact of Hurricane Maria. Hidroeléctrica de la Montaña is planning to be 

cooperative for the municipalities of Adjuntas, Jayuya & Utuado. The project is led 

http://caribbeanbusiness.com/rfp-for-electric-power-solutions-issued-to-address-vieques-and-culebra/
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by Unidos por Utuado, which would assist in the development of the cooperative 

but would not occupy positions within Hidroeléctrica de la Montaña Cooperative. 

Community leaders would manage the cooperative, with the mission of owning and 

operating the existing and currently under-used Dos Bocas and Caonillas 

hydroelectric units. These hydroelectric units were built into human-made island 

dams in the 1930s and 1940s and are now owned and operated by PREPA10 

(Unidos por Utuado 2018).   

Two more examples of bottom-up partnerships between communities, non-profit 

organizations, project developers and technology companies include:   

1. The organizations Para la Naturaleza and Resilient Power Puerto Rico are 

collaborating for The Community Solar Energy Initiative (CSEI), powering 

community centers with solar PV systems and storage. Currently, there are 

28 community centers running on solar PV and there is secure funding for 

another 38 systems (Para La Naturaleza-Resilient Power Puerto Rico 

2018).  

 

2. Finally, FCPR plans to expand solar communities in the island to 78 

community solar microgrids, two of which have secured funding and are 

currently in the pipeline (FCPR 2018). 

 Microgrids  

According to current Puerto Rican regulation, a microgrid is defined as a “group of 

interconnected loaded and Distributed Energy Resources within clearly defined 

electrical boundaries that act as a single controllable entity that can connect and 

disconnect from the Electrical Power Grid to enable it to operate in either grid-

connected or off-the-grid (islanded) mode” (Regulation 9028 of 2018). 

                                                 
10 Caonillas hydroplant has three units adding to a total nameplate capacity of 22MW. However, it only 
operates 1 month at full capacity and 9 months at 4MW capacity. Dos Bocas hydroplant has three units 
that add to a total nameplate capacity of 15MW operating 8 month per year at full capacity (EIA 2019). 
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Figure 1 provides a visualization of one way a community microgrid could look. As 

can be seen, the community remains connected to the main grid, but also has a 

local energy supply from the microgrid. In this example, the microgrid’s power is 

generated from solar panels and is connected to a battery storage system.   

 

 

Figure 1. Solar-Plus-Storage Microgrid Diagram 

Since  a microgrid can independently maintain power from its localized energy 

supply, these systems are particularly advantageous when the main grid is 

compromised (Zhou, Guo, and Ma 2015). Alas, this makes microgrid systems an 

attractive option for communities in Puerto Rico that are looking to gain energy 

independence and increase resilience against storms. The main downside of the 

microgrid approach is that the costs of the small grid must be borne by a small 

number of households, which has historically made microgrids more expensive than 

traditional main grid operations. 
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5.4.1. Microgrid Technical Characteristics  

In this section, we will review common characteristics of microgrids, including 

technical strength and weaknesses as well as opportunities a micro grid can 

provide and the threats it can encounter.  

 

Diverse technologies & sources 
A microgrid can include a combination of various types of power generating 

technologies and sources such as renewables and fossil fuels. In this manner a 

microgrid could include solar photovoltaic and/or thermal energy, wind turbines, 

small run-of-the river hydroelectric units together with natural gas or diesel thermal 

turbines, fuel cells, and energy storage (Zhou, Guo, and Ma 2015).  

 

Microgrids combine power generating units, load, energy storage devices and 

control devices, forming a single and controllable power supply system. For users, 

microgrids can meet their specific needs, such as increasing local reliability, 

reducing feeder loss and maintaining stability of local voltage (Zhou, Guo, and Ma 

2015). 

 

Intermittency and renewables sources 
As we have stated, a microgrid can include renewable energy sources in its power 

generating mix. In fact, in many cases, microgrids are designed to promote and 

include one or various forms of clean energy from renewable technologies. 

 

Renewable energy resources, such as wind or solar energy, are an intermittent 

power source. This refers to the variability of these type of resources due to natural 

phenomenon, such as changes in wind speeds or sun irradiance. Therefore, 

intermittency is the altering of the power output from generating units during a 

specific period due to the lack of resource inputs (Zhou, Guo, and Ma 2015). This 

is clear for solar PV resources, where the sun is available during daytime hours, 

and even then, the resource performance of solar PV will have seasonal variability 

in summer versus winter. Therefore, the intermittency of renewable technologies 
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must be considered as one of the weaknesses to address in a potential microgrid 

powered by renewables.  

 

Frequent changes of start and stop operation and power output are likely to bring 

problems of power “reliability” or the inability of the power system to deliver 

electricity in the quantity and with the quality demanded by users, which will 

eventually end up with electrical appliances being damaged (Zhou, Guo, and Ma 

2015). Therefore, the system would need to output power with the help of power 

electronic devices to meet the requirements of frequency and voltage of load.  

 

One way to help alleviate the intermittency of renewable technology is through 

energy storage and battery technology; this is a necessary condition for the stable 

operation of the system (Zhou, Guo, and Ma 2015).  

 

The topic of intermittency could also become an issue in case the owners of the 

microgrid are planning to inject power into a distribution line, through net metering, 

where there are certain frequency and voltage synchronization requirements. 

Synchronization between the microgrid and the distribution grid can be managed 

through the DC-AC inverter. If it is not, it can lead to load imbalances, damage to 

connected equipment, instability and even power outages in the grids (Evanczuk 

2015).  For this reason, the DC-AC inverters must provide a stable, sinusoidal AC 

waveform that matches both the microgrid and the distribution grid frequency and 

voltage according to the power utility’s requirements (Evanczuk 2015). 

 

5.4.2. Microgrid Finance  

One of the largest factors inhibiting the growth of microgrids at a large scale is that 

currently there does not exist a proper way to model the multiple ways a microgrid 

can create value for a building and/or community, and the investor. Typically, the 

attractiveness of an investment is measured as Return on Investment (ROI). 

However, since microgrids can provide other types of value than just savings on 

energy bills, such as energy independence and lower carbon emissions, investors 
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are not able to apply a typical valuation method for microgrids. Recent research on 

microgrid from Siemens concludes that until a standardized model becomes well 

understood and known by investors it will be difficult for microgrids to advance as a 

serious alternative to current energy transmission infrastructure (Siemens 2016).  

 

According to Siemens, this is not a rare issue with new technology. For example, 

the financing and valuation method for solar panels played a big role in bringing 

down costs and making solar energy competitive with other sources of energy such 

as wind and nuclear. According to Siemens, it is possible that the net economic 

cost of microgrids can be brought down in a similar fashion given that a proper 

valuation method considering the independence and carbon is agreed upon.  

 

However, while no generally established valuation model that produced positive 

cash flow for microgrids, which is hard to attract private investment, organizations 

can look elsewhere for sources of funding, typically this would include programs 

that deal with impact investing and angel investors and even donations. An 

example of such an impact investment program is Schneider Sustainability Impact, 

which has invested in a microgrid in rural Cambodia (Schneider 2018). This type of 

investor is willing to assume more risk than a conventional financial institution.  

 

5.4.3. Business Model of a Microgrid  

Due to the barriers in microgrids investing, strong business cases are needed to 

convince investors and designers. Currently, most microgrids are suited for remote 

electric systems, which are applied in remote communities (such as Toro Negro), 

university campuses, and specialized military operations. The reason these are 

currently the main areas of attention is that microgrids are still a relatively young 

technology that does not yet compete with wholesale electricity prices. In remote 

areas, the residents are looking to gain more energy independence, which in turn 

makes a business case for installing a microgrid. 

 



   

 

26 
 

In order to attract more investment and successfully deploy the microgrids, 

business models should be designed to capture the potential costs, benefits, risks 

and management strategies of the microgrid projects. Quashie et al. (2017) 

proposed a systematic framework including microgrid drivers and business needs, 

technical feasibility analysis, economic analysis, and benefit allocation (Quashie, 

Bouffard, and Joós 2017). Other inputs include historical meteorological and 

reliability data and the load profile of the system. This in turn will allow for a Cost-

Benefit Analysis and a sensitivity analysis that take desired parameters into 

account, such as changes in weather patterns. This study has formulated a 

systematic framework for a microgrid business case, which provides the investors 

and designers with a better understanding of the key elements in a microgrid 

business case. 

 

Energy access and independence is key to social and economic development 

(Williams et al. 2018). As a result, microgrids offer an effective solution to the 1.2 

billion people who do not benefit from access to electricity in the world. However, 

the lack of private investment in microgrid projects everywhere is curbing the 

growth of microgrid infrastructure, mainly due to the high risk involved with 

investing in developing countries (Williams, Jaramillo, and Taneja 2018). 

Regarding the profitability, Vatanparvar and Faruque (2015) analyzed the time it 

takes to return the capital costs of a microgrid. The authors discussed various 

scenarios and configurations to select the optimal potential return on the 

investment. Variables include number of houses, battery capacity, electricity price, 

feed-in tariff, energy storage or demand response installed capacity, etc. They 

concluded that the payback period is shorter if more houses are connected to a 

microgrid. Moreover, they presented the negative correlation of electricity price and 

the return on annual investment across different feed-in tariff for prosumer 

(Vatanparvar and Faruque 2015). 

 



   

 

27 
 

5.4.4. Microgrids Case Studies 

Renewable energy-based microgrids have become increasingly popular in the 

Caribbean islands (Nejati 2018). The reason behind this is that islands have 

geographic and electric connectivity limitations, historical dependency on fossil 

fuels imports, and rich variety of renewable energy sources (Nejati 2018). There 

are four main drivers of this transition:  

• Social: Access to electricity 

• Economic: Fuel and cost savings reduce the levelized cost of generation 

compared with the oil utilities 

• Environmental:  Reduce emissions and carbon footprint 

• Operational: Fuel independence and electric energy resilience uninterrupted 

electric energy supply 

 

The following three island microgrid case studies in the Caribbean provide 

examples of microgrids models and further inform our analysis of Toro Negro´s 

microgrid. 

 

Bonaire Island microgrid 
The island of Bonaire in the Caribbean has a total population of 14,500 and is 

visited by 70,000 tourists annually. Until 2004, Bonaire had a 25 MW microgrid that 

was fully dependent upon fossil fuels, mainly through diesel generating plants. 

Electricity rates on this microgrid peaked to $0.50 per kWh. After a fire partially 

destroyed their system, the community began planning towards a cleaner grid 

(Bunker et al. 2015).  Currently the island is aiming to generate 100% of the 

islands’ electricity from renewable energy and storage systems with the goal of 

reducing the electricity tariffs and enable local economic development by creating 

new jobs. For this reason, the local government and energy companies designed 

and implemented the first stage of a microgrid with 12 wind turbines and battery 

storage system that amounts to approximately 45% of installed power capacity. 

This system can provide up to 90% of the island’s load during times of optimal wind 

speeds. However, the system remains connected to diesel plants that serve as 
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backup generators to address intermittency issues from wind variability. The 

integration of renewables and storage into the microgrid has helped the residential 

tariff to drop to $0.34 per kWh (Bunker et al. 2015).  

 

Necker Island microgrid 
Necker Island is part of the British Virgin Islands. It has a population of 60 people 

and since 1978, the entrepreneur Sir Richard Branson, founder of the Virgin 

Group, has owned the island. Diesel fuel was the only electricity generation 

resource prior to 2014. Committed to phasing out diesel fuel, Branson teamed up 

with NRG Energy to install 300 kW of solar PV and 900 kW of wind turbines, 

together with a 500-kWh battery (Bunker et al. 2015). Their aim is to reduce fuel 

consumption and show that island nations can transition away from fossil fuels in a 

feasible and cost-effective manner (LaMonica 2014).  

 

Thus far, the total installed capacity is 2,160 kW. Currently, 80% of the annual 

power generation is from the renewable energy, significantly helping the island 

reduce the usage of diesel fuels. The peak demand at present is 400 kW and the 

average commercial energy price is $0.24/kWh. Developers also applied an off-site 

programmable load bank to control Necker’s energy production to test multiple 

scenarios to avoid operation risks. With the integration of renewable energy 

resources and microgrid controls, Necker has transitioned into a smart island of 

high energy efficiency (Bunker et al. 2015). 

 

Solar-battery Storage Microgrid in the Grenadines 
In January 2018, St. Vincent Electricity Services Limited (VINLEC) and the solar 

energy firm, EcoEnergy, N.V. started a solar-plus-battery storage microgrid project 

on the island of Mayreau in the Grenadines. The project is part of a greater 

National Electricity Transition Strategy, developed between VINLEC and the 

Government of Saint Vincent and the Grenadines. This solar-plus-battery storage 

microgrid project aims to enhance the energy security and climate resilience of the 

island and to become an example to other islands in the region (Renewable 

Energy Caribbean 2018).  
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The microgrid will show how solar-plus-battery storage systems can be cost 

competitive with generating technologies traditionally seen on islands, such as 

fossil fuel generators. The penetration of solar-plus-battery storage system will 

decrease the amount of time the diesel generators are running by 6 to 10 hours per 

day (Renewable Energy Caribbean 2018). The design of the project would be able 

to effectively withstand Category 5 hurricanes through the use of advanced 

technology of engineering, manufacturing, and construction. Being the first 

renewable generation utility in Mayreau, this project is a milestone for the entire 

region (Renewable Energy Caribbean 2018). 

 

 Regulation on Microgrid Development 

Puerto Rico has been laying the regulatory foundation for microgrids.  The 

Regulation on Microgrid Development, passed in May of 2018, was designed to 

“strengthen the resilience of the electrical grid, empower customers, and increase 

reliance on renewable and highly-efficient resources across the Commonwealth” 

(Regulation 9028, section 1.03). The regulations statement of purpose also cites a 

desire to transition away from fossil fuels and that the decentralized nature of 

microgrids would allow for power to be restored faster during electrical outages 

(Regulation 9028). The Regulation designates three types of microgrids.  
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Table 2. Types of Microgrids. Source: Regulation 9028 

Type of Microgrid  

1. Personal microgrid  
A microgrid owned by no more than two persons producing energy 
primarily for its owner(s) (section 1.08).  

2. Cooperative microgrid  

The joint-ownership of a microgrid by three or more cooperative 
members through formal or informal organization or association. 
The primary purpose of a microgrid is to supply energy services or 
grid services to its cooperative members (section 1.08).  

3. Third-Party microgrid  

A microgrid that is not personal microgrid or a cooperative and is 
owned or operated by and person or persons for the primary 
purpose of engaging in the sale of energy services and other grid 
services to customers (section 1.08).  

 

Microgrids must provide power from eligible generation sources. The Toro Negro 

project operates entirely on solar generation satisfying the requirements for a 

renewable microgrid. Third-Party microgrids (Toro Negro) are permitted to sell 

power to customers who are connected to the microgrid and to PREPA. The Micro 

Grid must be registered with the Energy Bureau by submitting an application that 

includes intended customers, design specifications, certification, and the proposed 

rate structure (Regulation 9018).  

 

Rates must be equal across all customers of the same class, but charges within a 

class may vary if structured in a non-discriminatory manner, i.e. time of use, usage 

blocks (amount of energy consumed; high, medium, low), etc. The rate must equal 

the energy cost divided by the expected sales. Allowable costs are the capital of 

the project over the projects lifetime and the annual operating costs: maintenance, 

fees, regulatory charges, meter reading and billing. After being registered and 

beginning the sale of electricity, operators must submit annual reports to the 

Energy Bureau regarding the detailed electricity production and sales information 

(Regulation 9018). 
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The Toro Negro community solar microgrid project is the first of its kind in the 

island. The microgrid system was installed and has been operating even before the 

Regulation on Microgrid Development was officially in place. In the following 

section, we will describe the community of Toro Negro, including how and why they 

developed their microgrid. 
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  Toro Negro, Puerto Rico  
Renewable energy microgrid examples from other islands show that these 

systems may be a feasible option for communities looking to become more resilient 

against storms and transition away from the main grid. The long-lived electricity 

blackout caused by Hurricane Maria made it clear that Puerto Rico is in need of 

power that is more reliable. This is particularly true for communities in mountainous 

rural regions of the island, which already faced unreliable electricity services before 

the 2017 hurricane season. Unsurprisingly, these rural communities were among 

the last places to regain electricity after Hurricane Maria, many going without 

power for months (FCPR 2018). To limit the social and economic damages of 

hurricanes, it is critical for such communities to gain access to a dependable power 

supply. The village of Toro Negro, Puerto Rico, is an example of a community 

taking the initiative to do so.  

 

Toro Negro is a rural community nestled into the mountains of Ciales, Puerto Rico. 

It is located almost directly in the center of the island (see Figure 2). Toro Negro is 

52 miles from San Juan, the capital of Puerto Rico (U.S. Census Bureau 2017). 

However, this drive takes roughly two hours due to the mountainous terrain and 

limited road interconnectivity. 

 

 

Figure 2. Location of Toro Negro, Puerto Rico  
Source: Puerto Rico Government www.gis.pr.gov 

 

http://www.gis.pr.gov/Pages/default.aspx
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The population in Toro Negro is 62 residents, among which 47 are adults. The 

community consists of a total of 28 houses and a community center. The median 

annual household income of the surrounding municipality between 2013 and 2017 

was $14,432 (2017 USD) (U.S. Census Bureau 2017). This is a low-income area, 

with 58.2% of residents in Ciales living in poverty. The household income for Toro 

Negro is likely to be lower than the average level for the rest of Ciales since it is a 

small, rural community.  

 

After Hurricane Maria, Toro Negro went without electricity for a staggering eight 

months (Ayala 2018). The village’s remote location is situated in a gap between the 

island’s grid transmission and distribution lines, making reconnection challenging 

(Figure 3).  

 

 

Figure 3. Electric Transmission and Distribution Lines near Toro Negro 
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Since the government was unable to respond to these citizens’ needs in a timely 

manner, this self-starting and well-organized community took the initiative to gain 

energy independence from the unreliable grid. Toro Negro contacted the non-profit 

Fundación Comunitaria de Puerto Rico (FCPR), a philanthropic organization that 

invests in community-based projects in Puerto Rico. 

 

 Toro Negro’s Microgrid  

Through personal communication while visiting the Toro Negro community, we 

came to understand the processes in the design and implementation of the project, 

including the specific technical setup and organizational governance of the Toro 

Negro community solar microgrid.  

 

This began when FCPR and SOMOS Solar, a non-profit with the mission of 

boosting solar markets in Puerto Rico, donated solar panels and battery storage to 

Toro Negro in March 2018 (Ayala 2018). The community went further by 

establishing a community solar microgrid system, which powers 28 houses. This is 

the first third-party microgrid11 operating in Puerto Rico. 

 

The Toro Negro microgrid is set up as a group of 20 systems composed of PV 

panels and lead acid battery storage for a total installed capacity of 83 kW-AC. 

This system provides power for 28 households. The systems can be set up to 

provide power for between 1 to 3 homes with a capacity between 1.5 - 2.2 kW-AC 

per home. All the households in Toro Negro have a basic residential load that the 

system can supply effectively. This includes common appliances such as lighting, 

refrigerators, water heaters, and fans (FCPR 2018). 

 

Toro Negro has a decentralized microgrid meaning that there are no electricity 

lines connecting all the homes (see Figure 4). Instead, every system setup has a 

                                                 
11 A microgrid that is not personal microgrid or a cooperative, and is owned or operated by and person or 
persons for the primary purpose of engaging in the sale of energy services and other grid services to 
customers 
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direct connection to one, two or three houses with underground lines. This unique 

design is due to Toro Negro’s topography and community infrastructure in the 

mountains: one household could be close to Toro Negro’s river and the nearest 

neighbor could be on the other side of the water on top of a hill.  

 

 

Figure 4. Simplified Illustration of Toro Negro’s Solar-Plus-Storage Microgrids 

This microgrid design has benefits in terms of resilience12. In case of hurricanes or 

storms, the rooftop PV panels are not fixed on the homes but easily dismountable 

and stored, avoiding any potential damage. Furthermore, all electrical cable 

connections are underground, going from the panels to the DC-AC inverter, then to 

the batteries, and finally to the households (Figueroa 2018).  

 

Finally, the microgrid can be an islanded system, which means that each house 

has the option to be either connected or disconnected to the island’s main grid 

operated by PREPA. This optional system can be activated through a switch if 

needed. The option to connect to the main island’s grid was utilized in the early 

                                                 
12 Resilience, in this regard is referring to the ability of a system to recover from adversity and provide 
power again.  Reliability can be defined as the ability of the power system to deliver electricity in the 
quantity and with the quality demanded by users. 
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stages of the solar community microgrid when a few residents increased their 

loads. This occurred after these residents purchased and used new AC systems, 

an energy intensive appliance not contemplated in the original systems capacity 

(Figueroa 2018). Nevertheless, the current microgrid design has enabled all 28 

households to obtain their energy requirements while islanded. 

 

In September of 2018, pursuant to the requirements of the Regulation on Microgrid 

Development, Toro Negro applied to the Puerto Rico Energy Bureau (PREB) 

(called the Energy Commission at the time) to register the project as a single 

cooperative microgrid. PREB denied the initial application stating that the project 

should be considered a third-party microgrid since the members/customers were 

not directly owners of the equipment or the company operating it. The PREB also 

stated that the project was not one microgrid, but rather twenty smaller, separate 

microgrids (Puerto Rico Energy Bureau 2018). The Regulation on Microgrid 

Development definition of a microgrid stipulates that it is a group of loads and 

generation sources with “clearly defined electrical boundaries that acts as a single 

controllable entity” (Regulation 9028, section 1.08). 

 

Due to the topography of Toro Negro, the system worked better if neighboring 

houses grouped together with their own solar-plus-storage systems (see Figure 4 

for a simplified illustration). Therefore, the proposed microgrid was not viewed as a 

single entity but rather twenty smaller units (Puerto Rico Energy Bureau 2018).  

As of March 2019, the registration application was still pending approval from the 

PREB.  

  

 Governance of Toro Negro’s Microgrid 
 

Community solar microgrids, such as the one in Toro Negro, require local 

governance. Numerous management risks arise when transitioning to a new 

system that depends upon the self-governance of a resource. Therefore, it is 

critical to ensure that the community of Toro Negro is prepared to take on this 

responsibility.  
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While there has been extensive literature examining the financing and engineering 

of microgrid systems, there remains a limited amount of research exploring the 

governance of such systems (Gollwitzer et al., 2017). Analysis by the University of 

Sussex has found that microgrids can be viewed as a common pool resource 

(CPR) in certain regards. The first characteristic of a CPR is that it consists of a 

resource that is rivalrous, which means that the consumption from one user limits 

the consumption by another user (Gollwitzer et al., 2017). Microgrids fall under this 

category since there is a generation capacity, which is limited by the systems 

recharge rate, that needs to be balanced properly with energy demand in the 

community (Gollwitzer et al., 2018). The second characteristic of a CPR is that 

exclusion from using the resource is challenging but remains possible (Gollwitzer 

et al., 2018). This feature is less of a concern for microgrids; however, there 

remains a threat of outside users illegally connecting to the microgrid for their own 

electricity consumption (Gollwitzer et al., 2018). Fortunately, techniques for 

managing CPR’s have been studied in depth, most notably by Elinor Ostrom and 

her colleagues. Therefore, there are lessons from sustainable CPR governance 

studies that are transferable to the management of community microgrids.  

 

Toro Negro already has in place a strong foundation to govern its microgrid 

effectively. In August 2018, the Toro Negro community established a non-profit, 

Comunidad Solar Toro Negro, to own, manage, and operate the solar PV and 

storage system donated to the community in a transparent and inclusive manner. 

The main goal of this organization is to provide users of the microgrid with 

renewable and resilient electricity that includes just and reasonable tariffs. 

 

The directory of Comunidad Solar Toro Negro consists of four community 

members from Toro Negro and one external member from Fundación Comunitaria 

de Puerto Rico. Users of the microgrid system elect the residential representatives 

every 3 years (Figueroa 2018).  
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With the installation of solar on their rooftops, users of the microgrid system accept 

the tariffs associated with the use of electricity. The tariffs will be designed in the 

best interest of the solar community. Therefore, they are required to be equitable, 

reasonable, uniform and non-discriminatory to all members of the solar community 

(Comunidad Solar Toro Negro 2018). The tariffs will be designed to recover 

operational and maintenance costs, reinvesting in the community without 

generating profit. The contract of the energy service could be transferred between 

users in the solar community with a notice of 30 days. 

 

6.2.1. SWOT Analysis 

Given the frameworks the community already has in place, Toro Negro is in a good 

position to effectively govern their microgrid. However, potential obstacles still exist 

that the community will need to monitor. To provide Toro Negro with concrete 

advice about effectively governing their microgrid, our team conducted a SWOT 

analysis and identified the strengths (S), weaknesses (W), opportunities (O), and 

threats (T) of this microgrid system (Johnson 2011). This analysis is based upon 

countless meetings with Toro Negro and FCPR, which we compared to literature 

regarding best practices for the governance of a CPR13. 

 

The strengths and weaknesses identified in this SWOT analysis are factors that 

are internal to Toro Negro’s governance of the microgrid, meaning they are a direct 

result of this specific microgrid’s set-up. Opportunities and threats are factors that 

are external to the community’s governance of the microgrid but could affect the 

system’s functionality.  Table 3 provides a visual summary of the SWOT analysis; 

further detail on each factor is provided below the table.  

                                                 
13 Literature regarding the management of a CPR in general was primarily by Elinor Ostrom, Thomas 
Dietz, and Paul C. Stern. We also explored literature specific to managing energy access projects 
conducted by The World Bank and the University of Sussex. 
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Table 3. SWOT Analysis of Toro Negro’s Microgrid 

 

Strengths 

S1: Engaged participation from decision makers  
Fortunately, Toro Negro’s microgrid has many strengths in terms of governance. 

S1 highlights that Toro Negro has engaged participation from decision makers, 

which is a key to the successful governance of a CPR (Ostrom 2008).  

 

As explained in Section 6.2 above, the village has established a non-profit 

Comunidad Solar Toro Negro to manage the microgrid. This team of elected 

community members and FCPR staff has the authority of appointing necessary 

officials and/or employees to operate, administer and/or provide the required 

service for the solar community. Among the employees considered to be 

designated is one that provides customer services. Such services include reading 

the electricity meters, delivering and monitoring monthly electricity bills, and 

managing the finances of the organization. Currently, Comunidad Solar Toro Negro 

has an organizational bank account with a local financial institution for the 

operation, use and benefit of the solar community. 

 

 
STRENGTHS (S) 
 
S1: Engaged participation from decision makers 

 

S2: Clearly defined boundaries and users  

 

S3: Environment that fosters trust  

 

S4: Dependable solar resource plus battery 

storage 

WEAKNESSES (W) 
 

W1: Ability of the microgrid to be monitored 
and easily understood by users 
 
W2: System payment monitoring 
 
W3: Capacity of Toro Negro to address 
technical issues without external help 

OPPORTUNITIES (O) 
 
O1: High need for increased resilience  
 
O2: Generate revenue 
 
O3: Strong working relationship with FCPR 
 
O4: Favorable policies 

 
THREATS (T) 

 
T1: Less external involvement  
 
T2: Variability in electricity demand 
 
T3: Competitive pricing from PREPA 
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S2: Clearly defined boundaries and users 
Literature on common governance practices emphasizes the need for there to be 

clearly defined boundaries and users (Ostrom, 2008). This will allow the system to 

operate without concerns of new entrants who may not understand or abide by the 

rules of the system (Dietz et al. 2003). Toro Negro’s microgrid certainly has clearly 

defined boundaries and users since it has a set number of 28 households 

connected to the grid. Even with microgrids, there can be a concern regarding 

outside users freeriding on the resource by using it to charge their appliances. 

Fortunately, this threat is minimal given the rural location and insular nature of the 

Toro Negro community.  

 

S3: Environment that fosters trust 
A community is more likely to be successful in self-governing a resource if the 

environment fosters trust among users (Dietz et al. 2003). Toro Negro is a well-

organized and close-knit community with frequent in-person interactions (Figueroa 

2018). Literature suggests these dynamics help establish a sense of trust (Dietz et 

al. 2003). 

 

S4: Dependable solar resource plus battery storage  
A final strength of this microgrid is that it has dependable solar resources. A 

frequent concern of microgrids is variability in energy generation capacity over the 

course of a year (Gollwitzer et al. 2018). Being located in the tropics, the microgrid 

has the luxury of having dependable solar resources throughout the year.  

 

Additionally, Toro Negro’s microgrid includes battery storage, which allows the 

microgrid to provide users with energy even when the sun is not shining. Thus, 

Toro Negro’s batteries help alleviate the challenge of needing to match supply with 

demand in real time. 

 

Weaknesses 

W1: Ability of the microgrid to be monitored and easily understood by users 
According to CPR literature, effective governance is easier to achieve if the system 

is straightforwardly monitored and understood by its users (Dietz et al. 2003).  A 
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potential weakness of Toro Negro’s microgrid is the ability of the system to be 

monitored and understood by its community members.   

 

W2: System payment monitoring 
Currently, this microgrid lacks a sustainable system for users to pay for their 

electricity consumption.  The community leader has been in charge of collecting 

the payments by hand and keeping track of these payments in a handwritten book 

(Figueroa 2018). Understandably, he is tired of going door-to-door in the 

community to collect the monthly payments. For this to be a sustainable payment 

method, this system must be improved.  

 

W3: Capacity of Toro Negro to address technical issues without external help 
A final weakness of Toro Negro’s microgrid is that it does not have the capacity or 

expertise to address issues with the microgrid without external help. Community 

members have not been formally trained in addressing technical issues of the 

system and remain dependent upon the solar provider, Maximo Solar/Somos 

Solar, or other technicians.  

 

Opportunities 

O1: High need for increased resilience 
As Section 4.2 Hurricane Impacts describes, Hurricane Maria left much of Puerto 

Rico without electricity for months. This experience underscored that there is a 

high need for more reliable electricity on the island, which is a service that 

microgrids can provide.  

 

O2: Generate revenue  
The microgrid could serve as an opportunity to generate revenue for economic 

development of the community.  

 

O3: Strong working relationship with FCPR  
Another opportunity of Toro Negro’s microgrid is the strong working relationship 

with FCPR. According to the experience from those with microgrid systems in 

Kenya, interviewees “suggested local management should be supported by an 
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organization with the technical capacity to conduct more complex system 

maintenance, repairs and upgrades” (Gollwitzer et al. 2018, p. 159). FCPR is an 

organization with the mission and expertise to help communities in Puerto Rico 

achieve economic development and access to clean energy (FCPR 2019).  

 

O4: Favorable policies  
Favorable policies serve as another opportunity external to the microgrid, which 

could improve the finances of the system. For instance, the agreed upon Statues of 

Comunidad Solar Toro Negro state that the organization can consider establishing 

net metering agreements with PREPA when these are of benefit for the 

community. This would require the approval of the solar community assembly 

(Comunidad Solar Toro Negro 2018). 

  

Threats 

T1: Less external involvement 
A potential threat is that moving forward; the community of Toro Negro could 

receive less handholding from funders and the solar system provider to manage 

their microgrid. Up until this point, Toro Negro has had much external support in 

the establishment of the microgrid. If this shift occurs, the community will need to 

be able to operate the system and address unforeseen issues independently.  

 

T2: Variability in electricity demand 
The potential for variability in electricity demand is another threat to the system. 

There is both a minimum and a maximum threshold to the microgrid. If too few 

people are using it, the price will become too expensive for users still attached. 

This decrease in demand could result due to a change in population if the 

community youth follow the global trend of urbanization. On the other end of the 

spectrum, there is a capacity limit and if the demand is too high, it will overload the 

system. The electricity demand of these households is currently low. If the load of 

households increases due to lifestyle changes, such as the installation of air 

conditioning units, this would overload the system.   
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T3: Competitive pricing from PREPA 
A final threat to the sustainability of this microgrid is competitive pricing for 

electricity from PREPA. According to a paper by the World Bank, titled Designing 

Sustainable Off-Grid Electrification Projects: Principles and Practices, expenses for 

“smaller off-grid systems in rural areas should be set lower than for the main power 

grid so that costs can be reduced, tariffs lowered, and electricity services made 

more affordable for rural users” (The World Bank 2008, p. 17). Competitive 

electricity rates from the utility could make using the microgrid system economically 

unattractive and too expensive for users.  

 

6.2.2. TOWS Analysis 
Next, our team used our SWOT analysis to establish a TOWS Matrix, which is 

simply SWOT backwards (Johnson 2011). This is an actionable tool which allowed 

us to identify strategies in which Toro Negro can use its internal strengths to 

maximize external opportunities and minimize external threats. Additionally, we 

identified necessary actions to minimize internal weaknesses by utilizing external 

opportunities and avoiding external threats. This is accomplished by matching 

strengths and weaknesses with particular opportunities they complement and 

threats they help mitigate. The TOWS Matrix separates the varying strategies into 

four quadrants (Table 4); further detail on each recommendation is provided below 

the table. 
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Table 4. TOWS Analysis of Toro Negro’s Microgrid 

                        
 
                            Internal  
 
 
 
 
   
  External 

STRENGTHS (S) 
 

S1: Engaged participation from decision makers  

 

S2: Clearly defined boundaries and users 

 

S3: Environment that fosters trust  

 

S4: Dependable solar resource plus battery 
storage 

WEAKNESSES (W) 
 

W1: Ability of the microgrid to be monitored and 
easily understood by users 
 
W2: System payment monitoring 
 
W3: Capacity of Toro Negro to address technical 
issues without external help 

OPPORTUNITIES (O)  
 

O1: High need for increased 
resilience 
 
O2: Generate Revenue 
 
O3: Strong working 
relationship with FCPR 
 
O4: Favorable policies 
 

S-O STRATEGIES  
 

• S1 to O3/O4: Closely monitor relevant 
energy policies with FCPR  
  

• S1/S3 to O2: If pricing remains affordable, 
Toro Negro can add a marginal fee to fund 
community projects  
  

• S4 to O1: Uphold O&M of the system so that 
Toro Negro has a reliable source of energy 
when the main grid is experiencing a 
blackout    

W-O STRATEGIES 
 

• W1/W3 to O1/O3: Organize educational 
programs for users with FCPR & system 
provider 
   

• W1 to O1/O3: Share best practices for 
monitoring with other communities developing 
microgrids   
 

• W2 to O1/O3: Ensure accountability of those 
monitoring the system (Gollwtizer et al. 2017)  

THREATS (T) 
 

T1: Less external 
involvement  
 
T2: Variability in electricity 
demand  
 
T3: Competitive pricing from 
PREPA 

S-T STRATEGIES  
 

• S3 to T2: Continue monthly meetings to 
reinforce electricity limits and foster open 
dialogue to account for any changes in 
population size  
  

• S1 to T3: Monitor the electricity prices and 
regulations of PREPA  

W-T STRATEGIES 
 

• W3 to T1: Maintain strong relations with FCPR 
and implement educational programs about the 
system for the community  
 

• W2 to T2: Explore potential for online billing 
options 
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S-O Strategies - Utilizing Strengths to Maximize Opportunities 
S1 to O3/O4: 
Toro Negro should take advantage of their engaged participation from decision 

makers and strong working relationship with FCPR to closely monitor relevant 

energy policies with FCPR. For instance, in April 2019, Puerto Rico passed the 

Public Energy Policy Law of Puerto Rico, commonly referred to as Puerto Rico’s 

Green New Deal (Irfan 2019). This policy aims to have Puerto Rico be entirely 

powered by renewable energy by 2050 (Irfan 2019). It remains uncertain whether 

this bill will have many benefits for pre-existing microgrids, such as the one in Toro 

Negro. However, it has many incentives renewable energy projects, so the 

community should continue to monitor for policies like this to see if incentives arise 

that could help alleviate the costs of their system.  

 

As more communities in Puerto Rico establish microgrids, Toro Negro could 

collaborate with these communities to support favorable regulations with 

grassroots efforts.  

 

S1/S3 to O2: 

If pricing remains affordable, Toro Negro can add a marginal fee, such as an 

additional $0.01/kWh, to their electricity price rate to fund community projects. The 

community has already expressed interest in creating this type of community fund 

if economically feasible. It is important to note that this fee is not included within 

our financial model below (Section 6.3).  

 

S4 to O1: 

It is crucial that Toro Negro upholds the operations and maintenance requirements 

of the system to ensure that Toro Negro has a reliable source of energy when the 

main grid is experiencing a blackout.   
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W-O Strategies - Utilizing Opportunities to Minimize Weaknesses 

W1/W3 to O1/O3: 
Organize educational programs with FCPR & the system provider so that users 

can better understand and maintain the system powering their homes. Toro Negro 

had their first of educational training held by Somos Solar, the company that 

installed the microgrid, at the end of March 2019.   

 

W1 to O1/O3: 

As other communities on Puerto Rico install similar microgrid systems, Toro Negro 

can share best practices for monitoring systems. This transfer of knowledge will 

benefit microgrid systems across the island to learn from each other’s successes 

and setbacks. Toro Negro should only move forward with this strategy if they find 

the benefits of such actions to outweigh the costs of coordination it requires.  

 

W2 to O1/O3: 

The community should ensure accountability of those monitoring the system 

(Gollwtizer et al. 2017). This can be accomplished by appointing a treasurer from 

Toro Negro with clear guidelines and hiring an independent accountant to audit the 

expenses and operations of the microgrid. 

 
S-T Strategies - Utilizing Strengths to Mitigate Potential Threats 
S3 to T2: 

To further strengthen the community’s sense of trust and to mitigate the threat of 

variability in electricity demand, Toro Negro should continue monthly meetings to 

reinforce electricity limits and foster open dialogue to account for any changes in 

demand. At these meetings, the community will be able to discuss the rules for 

maintenance, billing, and monitoring of the system.  

 

S1 to T3: 

To maintain competitive prices with the main grid, Comunidad Solar Toro Negro 

must monitor the electricity prices and regulations of PREPA. As our 

recommendations expand upon (Section 8.2 Financial Opportunities to Reduce 
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Costs), the community may need to make adjustments to their system in order to 

decrease the microgrids’ price rates for electricity.  

 

W-T Strategies - Minimizing Weaknesses and Threats 

W3 to T1: 

A weakness of the microgrid is the inability of users to easily monitor and 

understand the system and there is the threat of less external involvement from the 

solar company, Maximo Solar/Somos Solar, as time passes.  The aforementioned 

strategy of implementing educational programs for the users about the microgrid 

will also help to avoid issues arising from these factors. 

 

W2 to T2: 

To improve the system of monitoring payments, we have been discussing with 

Toro Negro the potential of using an online billing system. This would free the 

community leader from the responsibility of having to collect the money by hand. 

This could also benefit the community as a whole because they currently have to 

drive about two hours when they need to withdrawal money from the bank.  

 

Our team built a demo online billing system that the community could use. All 

community members have a bank account; however, most of them do not have 

credit or debit cards, which is how most systems operate at this point. This is a 

strategy we are continuing to discuss with Comunidad Solar Toro Negro to see if it 

is a technology the community could embrace. 

 

 Energy Production and Financial Models  
 

Since the installation of the microgrid, Toro Negro residents have yet to establish a 

system that charges the users based on their electricity consumption. Currently, 

the community is charging $10 per month as part of a provisional arrangement. 

The next step for this microgrid is to establish a price rate at which the community 

can pay for their electricity and an operations and maintenance plan to ensure that 
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the system remains economically feasible and properly governed for the lifetime of 

the system.  

 

We achieved this by using the outputs from an energy production model in a 

financial model to gain oversight over expenses and revenue during the lifetime of 

the project. In Figure 5, we demonstrate how the models are connected.   

 

Figure 5. Overview of the Energy and Financial Models 

 

6.3.1. Energy Production Model 

The energy model is comprised of two core components. The first component, 

representing supply, estimates the electricity generation from Toro Negro’s 

microgrid. The second component, representing demand, estimates the energy 

consumption of Toro Negro’s residents. The supply component provides an upper 

bound on the potential energy sales from the microgrid and is necessary to 

calculate any production-based incentives14. The demand component also creates 

an upper bound on the potential energy sales and can be used to calculate the net-

generation of the microgrid15.  

 

The supply component is based off National Renewable Energy Laboratory’s PV 

Watts software. The model was designed using equations from the PV Watts 

model and the technical specifications of the components of Toro Negro’s 

microgrid. The model’s primary inputs are solar irradiance data, cell temperature, 

                                                 
14 I.e. Renewable Energy Certificates and direct subsidy. These are explored further in sections 6.2- 6.4. 
15 Net generation is required to calculate revenue from net metering, See sections 6.2- 6.4. 
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panel efficiency, panel area, inverter efficiency, panel temperature coefficient, and 

the number of panels. Solar irradiance and cell temperature were obtained from 

NREL’s National Solar Radiation Database. Panel efficiency, panel area, inverter 

efficiency, and panel temperature coefficient were obtained directly from the 

equipment manufacturer. The primary output is the annual system production in 

kilowatt-hours. The model estimates annual production over a 30-year period in 

order to match the analysis period of the financial model. 

 

The demand component is based on ten months of consumption data recorded on 

the energy meters installed on the houses connected to the microgrid system. The 

meters only provide the total consumption over the entire period. The available 

data was averaged to obtain electricity consumption on a monthly basis and then 

multiplied by 12 to estimate the annual consumption in kilowatt-hours. The 

estimated annual consumption was utilized over the entirety of the modeling 

period. 

 

6.3.2. Energy Production Model Assumptions 

Our pricing model is based off the assumption that energy generation is greater 

than energy consumption. Previously, we stated that both the consumption and 

generation model provided an upper bound to the potential energy sales. 

Comunidad Solar Toro Negro cannot sell more energy than it produces, nor can it 

sell more energy than the residents of Toro Negro consume absent net metering 

agreements with PREPA which we do not model at this point. Whichever is lowest 

at any given point in the modeling period, consumption or generation would then 

serve as the effective electricity sales from the microgrid and input for the financial 

model. In the energy model, annual electricity production vastly exceeded Toro 

Negro’s annual electricity consumption in all years, by a margin of 30-40%16. For 

this reason, only electricity consumption was used as the input for electricity sales 

in the financial model. 

                                                 
16 The difference is related to panel degradation. See the extended energy model methodology in section 
10.1 for more information. 
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We were limited by the lack of historical data on Toro Negro’s electricity 

consumption. Ideally, we would have had monthly electricity consumption data for 

at least two years, which could provide insight on demand growth and seasonal 

variation.  

 

We assumed no demand growth would occur over the modeling period. This 

assumption was based off PREPA’s electricity demand estimates and historic trend 

data. Between 2007 and 2017, residential electricity sales dropped by 12%, as the 

island experienced population decline and a negative economic growth. PREPA’s 

IRP projects a continued decrease in electricity demand over the next 20 years, 

with the residential demand dropping by 0.6% per year (Siemens Industry 2019). 

Toro Negro’s electricity demand may not fall as much as PREPA’s, but the 

community is still experiencing the same economic pressures and there is little 

evidence to suggest demand growth in the near future.  

 

Averaging the available consumption data and aggregating it to an annual total has 

helped control for a portion of the seasonal variability. To account for the 

uncertainty in electricity consumption we developed three consumption scenarios 

for our model. The medium consumption scenario was derived from the ten-month 

average; the high and low scenarios represent a 15% increase and decrease in 

consumption, respectively. The same scenarios were used in the financial model.  

 

For the energy production model, we obtained 10 months of data on the 

consumption by the residents, from May 2018 to March 2019. We found the 

monthly average consumption and used this to estimate the annual consumption in 

kilowatt-hours. In Table 5 below, we outline the advantages and limitations of 

deduction the annual energy consumption in this fashion, including other 

assumptions that we made to model the consumption and financials.  
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Table 5. Consumption data assumptions and limitations 

Assumption Advantage Limitation Recommendation 

Using 10-month 

average. 

The data is real and not 

simulated. 

 

The time-span does not cover a 

full year and may not capture all 

seasonal variation.  

Record monthly data for one 

full year and adjust the 

financial model with the new 

consumption data.  

The consumption of the 10-

month period is similar to 

consumption demonstrated from 

electric bills from 2016-2017, 

before the hurricane hit. 

Some of the consumption is from 

testing the system when it was 

built and thus not “real 

consumption”. We expect the 

impact of the testing to have 

been minimal.  

-  

The system does not 

decrease in 

production efficiency 

over time. 

Given that the system was 

oversized the production will 

exceed consumption throughout 

the lifetime of the project and will 

thus not affect the users unless 

the system size is adjusted. 

The system does decrease in 

production efficiency over time.  

Take limitation into account 

only if Net Metering 

becomes feasible because 

the maximum possible 

excess generation that can 

be sold would decrease as 

the system ages and thus 

affect revenue streams.  

 

 

 

 

 



   

 

52 
 

6.3.3. Financial model Methodology 

We used a standardized financial model, which in turn allows us to produce a 

detailed overview of the financial status of the operations of the microgrid until 2050. 

This allows us to incorporate expenses for renewal of components, such as batteries 

for electricity storage and solar panels, and to subsequently calculate the required 

rate per kWh to ensure that all expenses will remain covered. Another major 

advantage of using a financial model is that it allows us to produce an income 

statement17 that can be shown to relevant stakeholders, such as a bank, as well as 

the members of the community to provide transparency of major expenses 

(Investopedia 2019). The model will be made available to the Toro Negro community 

so that they can easily make adjustments in the future in case they receive new 

donations or need to adjust pricing assumptions. In Table 6, we provide the main 

categories of the financial model and the major inputs and outputs for each category.  

 

Table 6. Inputs and Outputs of the Financial Model 

Category Outputs/Inputs 

Price 

• Unit price in USD 

• Number of units sold in kilowatt-hours 

• Currency 

Revenue 

• Fees Licenses (I.e. royalties) 

• Revenue for goods sold (kWh) 

• Other Revenue Sources 

Cost of Goods Sold 

• Types of Direct Costs (I.e. website 

consultant/freelancer) 

• Direct Expense Assumptions  

Sales, General and 
Administrative Costs  

• Types of Sales  

• General and Administrative Costs (I.e. Banking 
expenses, Insurance of panels/Inverters)  

• Hiring plan 

Cash Flows  
• Applicable Tax Rate  

• Investment sources, if any. 

Income Statement 
• Detailed overview of the cash flows and expenses 

during the lifetime of the project. 

                                                 
17 An income statement is a table that demonstrates the operating expenses and major revenue sources 
for a company. It provides a detailed overview of the financial status of a corporation/company and helps 
identify where economic issues may arise in the future (Investopedia 2019).  
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Financial model Assumptions  
In the financial model, we made several assumptions about important factors such 

as the inflation rate and the future price of replacing important components, such 

as the battery storage. In many cases, the predictions about the future prices of 

batteries, for example, can introduce elements of uncertainty into the model, but 

are never the less important to consider as the solar and battery industry are going 

through a significant transformation that will decrease prices the next 30 years 

(BloombergNEF 2018). We did not use a discount rate in the financial model. For a 

complete overview of the assumptions we made in the financial model, please refer 

to Table 7 and  

Table 8 below. 

 

Moreover, as part of the tariff design, we are charging a minimum required 

payment each month to compensate for the residences that consume very little 

power when they are not occupying the house. This applies to all the scenarios. 

Consequently, this does not impact households that consume more than the 

minimum required amount of kilowatt-hours per month. This minimum requirement 

is based on the lowest average consumption of the residences that are considered 

permanent (occupied year round) and therefore it does not negatively impact any 

of the permanent residents. In Table 7, this assumption is found under the revenue 

category. Our calculation shows this ensures an additional 6% in revenue annually. 
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Table 7. Financial Model Assumptions 

Category Item Parameter value (all prices in 2019 USD) 

General 
Annual inflation rate 2% throughout the period18. 

Hiring 
Microgrid helper 10 hours monthly, $10.5 hourly. 

Salary growth rate Set equal to annual inflation rate19. 

Capital investments 

Solar panel renewal 
79,920 watts originally installed, priced at 

~$0.21/Watt in 204020. 

Inverter renewal 
Based on replacing the original 

component21. 

Battery renewal 

Buying lithium-ion batteries instead of 

current lead acid batteries, as they appear 

to be reducing faster in price. 66% 

reduction in price per kWh between 2017-

203022. 

PV charge controller renewal 
Based on replacing the original 

component23. 

Energy meter 
Based on replacing the original 

component24. 

Installation expenses 13% of component expense25. 

Cost of goods sold 

 

Website developer for online 

billing system 
$250 USD annually26 

Battery Maintenance 400 USD annually27. 

Revenue 

 

 

Revenue from electricity sales 
Price per kWh multiplied by kWh sold 

(varies with scenario). 

Online card transaction fees 4% of annual revenue28. 

Minimum Monthly Payment 

revenue 
6% of annual revenue29. 

Sales, General and 

Administrative costs 

 

Annual insurance premium $5,500 USD annually30. 

Transportation 
$200 USD annually for driving around to 

collect monthly readings31. 

 

                                                 
18 (Federal Reserve 2019) 
19 (Federal Reserve 2019) 
20 (Shahan 2015) 
21 (Wholesale Solar 2019a; Webosolar 2019)  
22 (BloombergNEF 2018) 
23 (Northern Arizona Wind and Solar 2019)  
24 (Maximo Solar Industries 2019) 
25 (Maximo Solar Industries 2019) 
26 Own estimate 
27 (Figueroa 2019) 
28 (Stripe 2019) 
29 (number obtained from energy production model) 
30 (Figueroa 2019) 
31 (Figueroa 2019) 
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Table 8. Assumptions about the Lifetime of Key Microgrid Components 

Component Lifetime 

Panels 25 years, depends on use32. 

Inverters 10 years, depends on use33. 

Lead Acid Batteries 5-7 years, 1150 cycles, depends on use34. 

PV Charger 10-15 years, depends on use35. 

 

6.3.4. Financial model results 

In the low demand scenario, a price of $0.40 per kilowatt-hour is the minimum 

required price to avoid a negative cash balance until 2050. In the medium demand 

scenario, a price of $0.34 per kilowatt-hour is the minimum required price, and 

lastly, in the high demand scenario, $0.30 per kilowatt-hour is the minimum36. For a 

complete overview of the finances, please refer to the income statements in Table 

12, Table 13 and Table 14, which we provide in the appendix.  

 

All scenarios include the hiring of an assistant for 10 hours monthly. The idea is 

that the assistant will help read the meters, inspect solar panels and carry out other 

related tasks. 

 

When modelling the financials of the microgrid, we kept the cash balance in the 

positive to avoid potential credit issues with the bank in case unforeseen events 

were to impact the operations of the microgrid. If something unforeseen occurs and 

there is already a negative cash balance, it will limit the ability of Toro Negro to 

cover additional expenses.  

 

                                                 
32 (Aggarwal 2016) 
33 (Ilumen 2018) 
34 (Ecodirect 2019) 
35 (Pop 2019) 
36 These prices are in 2019 USD and are adjusted every year according to a 2% inflation rate as per the 
Federal Reserve. 
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Quite noteworthy, we found that replacing batteries is by far the largest expense, 

accounting for approximately 46% of the expenses until 2050. We find this to be a 

considerable share of expenses and believe there may be potential for savings by 

reducing storage capacity in the future. We will discuss this further in Section 8 

(Lessons learned) below.  

 

Because the aforementioned rates in each consumption scenario of $0.40/kWh, 

$0.34/kWh and $0.30kWh are high relative to the price offered by PREPA in 

November 2018 of $0.22/kWh (EIA 2018). The research team also conducted a 

sensitivity analysis to estimate the required annual subsidy to cover the rest of the 

expenses that are required to keep the microgrid operational, in case the 

community can make an arrangement where they pay a reduced rate. Such an 

arrangement could be facilitated by a direct subsidy or donations from NGOs.  For 

example, if the residents choose to pay $0.25/kWh and the consumption scenario 

is medium, they would require a $4,605 subsidy annually in 2019 USD to keep the 

microgrid operational. We show these results in Table 9 below. 

Table 9. Sensitivity analysis for required annual subsidy if residents pay less than the 
calculated rate, in 2019 USD. 

                          Scenario 

$/kWh                

High Electricity 

Consumption 

Medium Electricity 

Consumption 

Low Electricity 

Consumption 

$0.10 $11,767 $12,279 $13,481  

$0.15 $8,825 $9,721 $11,307  

$0.20 $5,884 $7,163 $9,132  

$0.25 $2,942 $4,605 $6,958  

$0.30 $0 $2,046 $4,784  

$0.35 ($2,942) ($512) $2,609  

$0.40 ($5,884) ($3,070) $435  

$0.45 ($8,825) ($5,628) ($1,739) 
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In addition, we found that the annual insurance premium had a relatively large 

impact on the rate and conducted a sensitivity analysis on the impact of looking for 

an economic insurance solution. For each $1,000 saved on the insurance 

premium, the community can reduce the rate by approximately $0.02/kWh, 

regardless of the consumption scenario. We demonstrate these findings in Table 

10 below. The insurance policy covers the microgrid in case of fire, theft and 

natural disasters. 

 

Table 10. Sensitivity analysis for new rate in $/kWh by adjusting annual insurance 
premium, everything else constant, in 2019 USD 

                          Scenario 

Premium                

High Electricity 

Consumption 

Medium Electricity 

Consumption 

Low Electricity 

Consumption 

$2,000 $0.24 $0.28 $0.33 

$3,000 $0.26 $0.30 $0.35 

$4,000 $0.27 $0.31 $0.37 

$5,000 $0.29 $0.33 $0.39 

$6,000 $0.31 $0.35 $0.41 

 

6.3.5. Energy Production and Financial Model Limitations   
 

Previously we hinted at limitations of using data only from a 10-month period, as 

can be seen in Table 5. The main issue with doing so is that we will not be able to 

capture the seasonality of the electricity consumption by the residents. Additionally, 

we expect seasonality to be particularly important in this context since 11 of the 28 

households are not full-time residences and the bulk of their annual electricity use 

may be in the months between May and August. The implications of not knowing 

the consumption of electricity could result in big miscalculations of revenue and 

subsequently the ability to accurately price the electricity on a kWh basis.  

 

In addition, the price of battery replacement is difficult to estimate in an accurate 

fashion because many different forecasts are available and provide different 
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results. Moreover, there may be a potential benefit in switching to lithium-ion 

batteries in the future, rather than continuing the use of lead acid batteries, as they 

provide more charging cycles and may be facing steeper declines in prices in the 

future (BloombergNEF 2018, Evirs 2018). Because of this limitation, we 

recommend that the community monitors the development in the battery industry 

and adjusts the financial model accordingly.  
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 Policy Analysis 

The previous analysis sections focused more directly on Toro Negro’s 

microgrid and its operations. This section will look at renewable energy projects 

from a broader context, looking at Puerto Rico’s electricity sector. In our analysis, 

we will evaluate Puerto Rico’s energy legislation and its applicability to microgrids 

and other small renewable energy projects. Section 7.1 identifies gaps in Puerto 

Rico’s energy legislation and regulatory framework. Sections 7.2 – 7.4 will explore 

the impacts and viability of several policy options that may be adopted in order to 

support the development of microgrids and distributed generation on the island. In 

section 7.2, several policy options will be introduced. In section 7.3, a framework to 

evaluate potential policies options will be laid out. Lastly, in section 7.4, the 

framework will be utilized to prioritize which policies should be advocated for in 

order to support the community owned microgrid model. 

 

 Policy Gaps 

In 2010, Puerto Rico passed the Public Policy on Energy Diversification by Means 

of Sustainable and Alternative Renewable Energy in Puerto Rico Act, hereinafter 

referred to as the Policy on Energy Diversification. The Act affirmed a commitment 

to increase renewable energy development across the island and transition way 

from fossil fuels (Act 82 of 2010). Subsequent congressional acts follow this trend, 

including: Green Energy Incentives Act (Act 83 of 2010); Puerto Rico Energy 

Transformation and Relief Act (Act 57 of 2014); and, the Puerto Rico Electric 

System Transformation Act (Act 120 of 2018)37. Despite the intention to support a 

renewable transition, the legislative framework suffers from two significant gaps. 

 

The first is that energy policy focuses on incentives for development rather than 

incentives for existing projects. Most of Puerto Rico’s incentive policies offer 

financial assistance for the construction of new renewable energy projects. The 

Green Energy Incentives Act established the Green Energy Fund to financially 

                                                 
37 Additional information on energy policies is provided in the appendix in section 10.3  
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support renewable energy projects. The Act also created the Green Energy 

Investment Reimbursement program as a means of disbursing the funds (Act 83 of 

2010). In 2015, updated regulations on the eligibility requirements for the Green 

Energy Investment Reimbursement Program created the requirement that 

specifically disqualified any projects that began construction before receiving an 

Incentive Reservation Notice Letter from the State Office of Energy Policy, 

effectively prohibiting the granting of incentives retroactively (Regulation 8601 of 

2015). 

  

The second gap is that policies that do incentivize existing projects fail to support 

smaller renewable energy projects. Net metering and Renewable Energy 

Certificates (RECs) are two of the only nontax-based financial incentives available 

to existing renewable energy generators. Net metering is available to both large 

and smaller projects, but RECs are not. The REC program specifically requires 

“the issue of RECs to sustainable renewable energy and alternative renewable 

energy producers through the renewable registry, as this term is defined in this Act 

“(Act 82 of 2010, Section 2.7). The definitions for sustainable renewable energy 

and alternative renewable energy producers do not include renewable energy 

producers that generate less than 1 MW. 

  

In the next section, several policy options that can support existing small 

renewable energy projects, such as Toro Negro’s microgrid, will be explored. 

These policy options reflect opportunities to fill the existing gaps in the legislative 

framework and support Puerto Rico’s renewable energy transition. 

 

 Policy Options to Support Small Renewable Energy Projects 

7.2.1. Net Metering 

The Net Metering act of 2007 provided PREPA with the authority to establish a net 

metering program that allowed customers to access the transmission and 

distribution systems that were already in place.  Section 2 stipulates that in order to 

be eligible for net metering customers must come from a renewable energy source 
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and: (1) not exceed a capacity of 1 MW for facilities connected to distribution 

infrastructure or 5 MW for facilities connected to sub transmission and transmission 

infrastructure, (2) be installed on the customer’s land, (3) be compatible with 

PREPA’s existing infrastructure, (4) meet the installation and system requirements 

set out by the State Office of Energy Policy (formerly the Energy Affairs 

Administration), (5) be used primarily to offset part or all of a customers demand, 

and (6) comply with applicable environmental and zoning laws. 

 

Customers enrolling in the net metering program are responsible for the expenses 

associated with the installation of the meter and the interconnection to PREPA’s 

distribution and transmission system. PREPA, however, is forbidden from 

introducing additional requirements for enrollment beyond those listed in section 2 

of the act. The Act states that PREPA will measure the net electricity generation 

and that at the end of the billing cycle that the customer will pay for any electricity 

consumption beyond their generation. If the customer has a positive net generation 

(produced more electricity than the consumed) than the customer will be credited 

for the excess generation. If the customer produces excess generation, PREPA is 

authorized to continue to charge the customer a minimum monthly service fee that 

cannot exceed service charges paid by customers who are not participating in a 

net metering program. The billing cycle for the net metering program is set to end 

in June.  PREPA is obligated to compensate net metering participants “at a rate of 

ten cents per kilowatt-hour or the amount resulting from the subtraction of the 

adjusted fuel fee based on the variable costs incurred by the public corporation 

exclusively for the purchase of fuel or energy, from the total price charged by the 

public utility to its customers, converted into kilowatt-hours, whichever is greater” 

(Act 114 of 2007, Section 5E). Fuel cost represent a significant portion of the 

electric price, because the islands reliance on imported fossil fuels, so the 

participants are compensated at 10 cents per kilowatt-hour (PREPA 2018). 
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7.2.2. Renewable Energy Certificates (RECs) 

The Policy on Energy Diversification established Puerto Rico’s Renewable Portfolio 

Standard Program. The Act requires retail electricity suppliers (only PREPA 

currently meets the requirements for this designation) to demonstrate proof of 

compliance with the RPS either by filing Renewable Energy Credits (RECs) 

registered under their ownership (Act 82 of 2010). The Act Defines RECs as 

“personal property that constitutes a tradable and negotiable asset or commodity..., 

which is equal to one megawatt-hour of electricity generated from a sustainable 

renewable energy source….and represents all environmental and social attributes” 

(Act 82 of 2010, section 1.4.8). 

 

The Act requires that RECs are monitored through the North American 

Renewables Registry and are issued to sustainable renewable energy producers 

and alternative renewable energy producers. RECs are transferable and may be 

bought and sold but retire when they have been used to demonstrate compliance 

with the RPS or expire after 3 years. RECs can be retained for future use for the 

two years following their generation, however if retained for more than one year 

they only account for half a megawatt-hour of renewable generation when applied 

for compliance (Act 82 of 2010). RECs can be sold directly to PREPA at the 

prevailing market prices to provide additional profits to Comunidad Solar Toro 

Negro. 

 

7.2.3. Direct Subsidy 

The previous policy options operate under the existing regulatory framework. The 

final option being considered, a direct subsidy, would require legislative action by 

the Puerto Rican Government. A direct subsidy would provide a way to specifically 

tailor incentives to smaller distributed energy projects, which are less economical 

than large utility-scale projects because they cannot benefit from increasing returns 

to scale (NREL 2017). Moreover, it would provide compensation to the renewable 

energy producer based on the total production of renewable energy on a dollar per 

kilowatt-hour basis.  
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REC programs operate by attaching a monetary value to the environmental and 

social attributes of energy that is generated. The Policy on Energy Diversification 

defines these attributes as “qualities and characteristics that are inseparable and 

represent benefits to nature, the environment, and society that are produced from 

the energy generated by sustainable renewable energy or alternative renewable 

energy” (Act 82 of 2010, Section 1.4.3). Examples of these attributes are the 

reduction of pollutants and climate change mitigation. A direct subsidy can function 

similarly to a REC program except the Government, not PREPA, would 

compensate renewable energy producers for the benefits associated with 

renewable power generation.   

 

 Policy Evaluation Framework 

Policy options will be evaluated based on their economic impact, political feasibility, 

and long-term economic stability. Economic impact will be measured by comparing 

the potential revenue streams of each policy option. Political feasibility will be 

based on how the policy option fits or could be adapted into the legislative 

framework of Puerto Rico. Long-term economic stability is a measure of the 

economic volatility of the incentive over time, or more simply, a measure of how 

reliable a revenue stream can be projected 10 or more years into the future. For 

example, price fluctuations of market-based incentives would cause them to be 

considered less stable than a guaranteed flat rate.  

 

 Evaluation of Policy Options 

7.4.1. Net Metering 

Net metering provides limited to no potential revenue for the Toro Negro microgrid. 

As it is written, the current policy stipulates that energy producers sell excess 

generation to the main grid through a net metering program. The Toro Negro 

community is then compensated by “credit[ing] the feedback customer for the 

excess kilowatt-hours generated during the billing cycle” (Act 114 of 2007, Section 

5C). Net metering programs provide economic value to participants indirectly by 
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lowering their electricity bills. This model is efficient when the consumer has a 

higher electricity bill and owes more money to the designated electric utility. 

Economic value is created through customer’s savings. In the case of Toro Negro, 

the net metering model is not well suited because the community is transitioning off 

the main grid. As Toro Negro’s residents reduce their energy usage from the main 

grid, the credits become less valuable as customers no longer owe the utility and 

thus the credits lose economic value. Furthermore, net metering poses problems 

from a practical standpoint. Net metering is implemented through the PREPA 

customers excess generation and so money would be credited to the customer 

whose house is interconnected to the grid and not to Comunidad Solar Toro Negro 

Inc (Energy Bureau 2018). As a result, there exists no method to directly monetize 

the system’s excess generation. 

 

Net metering currently exists under Puerto Rico’s legislative framework and could 

theoretically be implemented. The net metering program has been in place since 

2007 and supports projects of Toro Negro’s size (Act 114 of 2007). While the 

legislative framework is already in place, reported issues with the interconnection 

process and program registration have led to net metering being assigned a lower 

score in political feasibility (Vélez 2016; Merchant 2019). 

 

Net metering scores well in long-term economic stability. The Net Metering Act 

guarantees that program participants receive compensation “at a rate of ten cents 

per kilowatt-hour or the amount resulting from the subtraction of the adjusted fuel 

fee based on the variable costs incurred by the public corporation exclusively for 

the purchase of fuel or energy, from the total price charged by the public utility to 

its customers, converted into kilowatt-hours, whichever is greater” (Act 114 of 

2007, section 5E). The guarantee of whichever rate is greater ensures that 

compensation for net metering will be at least $0.10/kWh. Prices may fluctuate but 

the price floor will mean that the minimum possible revenue from the incentive will 

not fall below a known point. This provides a high level of certainty that the 

operators of a renewable energy project can rely upon as an additional source of 
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revenue. Net excess generation is subject to change over time; however, the 

stability score is not negatively impacted because the energy model accounts for 

these changes. 

 

7.4.2. RECs 

Renewable Energy Certificates offer a limited potential revenue stream to smaller 

renewable energy producers. While they represent the environmental and social 

attributes of the energy generated and must be acquired by PREPA in order to 

fulfill their obligations to Puerto Rico’s Renewable Portfolio Standard, energy 

producers have little to no control over the market prices of RECs (Act 82 of 2010). 

REC prices have fluctuated between $2-4 per MWh (Siemens Industry 2019). The 

Toro Negro Microgrid produces an estimated 100MWh of renewable energy per 

year. If Toro Negro were able to monetize their RECs, then the revenue stream 

would only equate to $200 to $400 dollars annually. The revenue potential of RECs 

is greater than that of net metering, however, both are inconsequential in 

comparison to the hundreds of thousands of dollars of capital investment needed 

to maintain the microgrid. 

 

REC’s are a part of the existing legislative and regulatory framework and score 

moderately well in political feasibility. However, as the current law is written, there 

is uncertainty over whether smaller renewable energy producers, including 

Comunidad Solar Toro Negro, are eligible to produce RECs. As previously stated 

in Section 7.1, The Policy on Energy Diversification states “RECs [will be issued] to 

sustainable renewable energy and alternative renewable energy producers through 

the renewables registry, as this term is defined in this Act” (Act 82 of 2010, Section 

2.7). Complications arise because the Act’s definition of sustainable renewable 

energy producer places a minimum size requirement of 1 MW of electricity 

generation capacity. Comunidad Solar Toro Negro is classified instead as a 

distributed renewable energy producer. The Act fails to specify if a distributed 

renewable energy producer generates RECs for its sustainable renewable energy 

generation (Act 82 of 2010).  
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The Policy on Energy Diversification states that “the provisions of this Act shall be 

construed liberally, in order to achieve the implementation of the public policy set 

forth in Section 1.2 and guarantee compliance with the Renewable Portfolio 

Standard created hereunder” (Act 82 of 2010, Section 1.3). Goals set forth in 

section 1.2 include: “reducing our dependency on energy sources derived from 

fossil fuels such as crude oil, and economic and tax incentives to stimulate the 

generation of electric power through sustainable renewable and alternative 

renewable energy sources” (Act 82 of 2010, section 1.2). Given the stated policy 

goals and the requirement for them to be interpreted liberally, a strong argument 

can be made that Toro Negro is eligible to produce RECs, which is reflected in the 

political feasibility score. 

 

RECs earn a low score for their long-term economic stability. Renewable Energy 

Certificates are traded as a commodity. They retain economic value because the 

RPS requires PREPA to purchase or generate them. However, their value 

fluctuates based on the available supply of the market and PREPA’s demand. As 

more RECs are available in the market or PREPA approaches its compliance 

requirement the value of an individual REC falls. The nature of RECs, as a market-

based mechanism susceptible to fluctuations in price, results in uncertainty of their 

future value (EPA 2019). Their potential price volatility restricts the ability to reliably 

and accurately model the associated revenue stream and ensure available funds 

for replacing system components.  

 

7.4.3. Direct Subsidy 

A direct subsidy offers the highest economic impact of the discussed policy 

options. A subsidy of $0.05 per kWh would result in an estimated annual revenue 

stream of $5,000, which is significantly greater than the $200-400 per year 

estimate from Renewable Energy Credit sales. Even a lower direct subsidy would 

still offer a notable revenue stream that values the environmental and social 
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attributes tied to renewable energy generation and complements the revenue 

generated from the direct sale of electricity to the microgrid’s customers. 

 

The political feasibility of implementing a direct subsidy is essentially zero. Despite 

the simplicity in the policy mechanism’s design, the required funding is currently 

unavailable. The Puerto Rican Government is more than $70 billion in debt and is 

now under the fiscal control of the Financial Oversight and Management Board 

(Mufson 2018). The Financial Oversight and Management Board was created in 

2016 to help manage the debt crisis and notably has the authority to approve 

legislative acts and intervene with the enactment or enforcement if they are 

inconsistent with Puerto Rico’s Fiscal Plan (Puerto Rico Oversight, Management, 

and Economic Stability Act). Even if the Puerto Rican Government were to enact a 

direct subsidy, then the Financial Oversight and Management Board would likely 

intervene and strike down the subsidy.  

 

Similar to net metering, the guaranteed rate of the incentive and the ability to 

estimate renewable energy production allows a renewable energy producer to 

project revenue streams throughout the project’s lifetime. Variation in solar 

production will occur due to differences in solar irradiance. However, all the policy 

options discussed are subject to this same generation uncertainty. Unlike net 

metering, a direct subsidy (or REC program) is based entirely on generation and 

will not be affected by uncertainties regarding electricity consumption. Given these 

reasons, if it were politically feasible, a direct subsidy is would provide the greatest 

financial certainty and stability of all three policy options.  
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 Lessons Learned & Recommendations 
 

 Governance of Microgrids 
As common property literature suggests, there is no one-size-fits all approach that 

can be applied to every common governance project (Ostrom, 2008). However, in 

order to install similar solar-plus-storage microgrid systems in more communities 

across the Caribbean, it is important to have established principles for the 

community to effectively govern the resource. Our team has combined lessons 

learned from Toro Negro’s microgrid with strategies from literature regarding the 

governance of CPRs to assembled best practices for managing community solar 

microgrids. These common governance criteria are laid out in Table 11 below, with 

framing questions to help gauge whether a community is capable of taking on this 

responsibility.  

 

Table 11. Common Governance Criteria and Framing Questions 

Common Governance 
Criteria 

Framing Questions 

Clearly defined boundaries 
and users of the resource  
(Dietz et al. 2003) 

• Which households will be connected to the grid?  

• Is the microgrid capable of expanding or downsizing? 

Environment that fosters 
trust (Dietz et al. 2003) 

• Does the community have frequent face-to-face 
communication? 

• Has the community had successful projects in the 
past? 

Engaged participation from 
the microgrid decision 
makers (Ostrom 2008) 
 

• Does the microgrid have engaged decision makers?  

• Can their participation be enhanced by establishing a 
board to manage the microgrid?  

Support from an external 
organization (Gollwitzer et 
al. 2018) 

• Does the community have adequate support from 
external organizations or energy providers? 

Use of the system can be 
monitored and understood 
easily (Dietz et al. 2003) 

• Has the community been trained on using their 
microgrid and interpreting their energy consumption? 

 

System and payment 
monitoring (Gollwitzer et 
al. 2018) 

• Who is in charge of monitoring the system and 
payments? 

• Are they properly rewarded for this responsibility?  

• Has an external party set the price rate to avoid 
conflict of interest? 
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 Financial Opportunities to Reduce Costs  
Our research identifies three main financial options that the community can utilize 

to reduce the rate charged per kilowatt-hour. These options are relevant 

considering that the results from the financial analysis demonstrated that the 

minimum required rate is high regardless of the energy consumption level. We will 

now discuss those measures, considering the most accessible options first. 

  

1. Reduction of the microgrid system insurance: We learned in our financial 

analysis that for each $1,000 in savings on the annual insurance premium, it could 

lead to a reduction of approximately $0.02/kWh in monthly rate. Since changing the 

insurance provider is likely a relatively easy task, we highly recommend that the 

community investigates insurance policies from several providers to reduce the 

rate they charge the residents.  

 

2. Battery Storage resizing: Forty six percent of the expenses on capital 

investments go towards renewing batteries on the system. However, given our 

suspicion that the system may be oversized, this presents perhaps the biggest 

opportunity to cut costs in the future. To determine the appropriate sizing of 

storage capacity in the future, we recommend that the community investigate this 

option with a technically capable partner and make a decision that can lead to a 

further reduction in the rate charged per kilowatt-hour. 

  

3. Subsidies: Our research demonstrates that there is an estimated direct subsidy 

required in case the community decides to charge their residents a lower rate for 

economic reasons (See Table 9 financial model results). For example, if the 

community internally agrees on reducing the rate, they could apply for a direct 

subsidy under terms of the Green New Deal as we discussed above. Even though 

this option is viable, policies in the energy sector are still unclear bringing many 

uncertainties for future subsidies that we cannot foresee. Therefore, we consider 

this the least accessible option today. 
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Even though the inclusion of two or more of these opportunities has not been 

considered in this analysis, as it escapes the scope of the study. The inclusion of 

various options to reduce costs is an arguable option that should be further 

evaluated to understand its impacts.   

 

 Apt System Size 
According to our estimations, Toro Negro´s microgrid has an annual solar PV 

energy generation of 103,375 kWh year38. This is an estimation based on the 

installed systems and the global horizontal irradiance in the location. In contrast, 

the community microgrid users have a total consumption of 41,349 kWh year39. 

This sizeable difference permits us to understand that the microgrid system is 

underused and not being benefitting from its potential. This could be because 

either the system was oversized, or the consumers have not been using their 

systems as planned when it was designed. 

 

The underutilization of the system poses a threat to the economic vitality of the 

system. The cost of service-based ratemaking calculates a tariff based on the 

systems consumption. If the consumption is low than the rate of electricity per 

kilowatt-hour is higher. If the system is underutilized, or oversized, then the 

system’s users bear the cost of unneeded capacity. After collecting data on the net 

electricity generation, then a decision can be made on how to manage excess 

system capacity. If the system is severely oversized, then it can be resized by 

replacing components of the system at smaller sizes during the required periods of 

capital reinvestment.  

 

Resizing is an issue that is specific to the system in Toro Negro. Other community 

microgrid projects if not properly sized will face the same problems. The issue of 

sizing is best solved proactively. This can be done by obtaining consumption data 

before the design process is initiated. Toro Negro’s microgrid was constructed with 

                                                 
38 Medium level of energy generation and consumption scenarios. 
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haste to resolve a power outage lasting eight months, and there was not enough 

time to obtain detailed consumption data when sizing the system. The risk of 

oversizing the system and the cost of excess capacity cannot be understated. It is 

imperative that future community solar projects provide a year of monthly 

consumption data prior to the design process, in order to develop a system that 

better matches the needs of consumers with reliable, affordable clean energy. 

 

 Comprehensive Data Collection 
Our analysis was limited by the availability of annual consumption data, so it 

remains uncertain if the system is oversized. In order to make knowledgeable 

decisions about their microgrid in the future, it is recommended that Toro Negro 

collect valuable energy data for the next two years. The first data required is the 

monthly consumption data (kWh per month per user). This consumption data is a 

minimum condition in order to understand consumption patterns of users and 

better plan strategies for a more efficient microgrid. The second set of data is the 

Solar energy generation data of the system, this data is more difficult to obtain 

without the proper tools and therefore could alternatively be estimated. Looking at 

the net electricity generation and the difference between the system’s production 

and consumption, will provide clarity on the potential extent of excess energy and 

underutilization of the system. 

  

 System Design Tailored to Regulation 
Toro Negro’s system design and implementation outpaced the regulations that 

were created to govern microgrid’s in Puerto Rico. As a result, certain aspects of 

Toro Negro’s system design are not ideally suited to the current regulation and 

energy policies. Other communities striving for energy independence and reliability 

will need to adjust Toro Negro’s model, if they are to adopt it going forward.  

 

Toro Negro’s system is not classified as one microgrid by the Energy Bureau, but 

as twenty smaller individual microgrids. While reviewing Comunidad Solar Toro 

Negro’s application, the Bureau cited the lack of interconnection between the 
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generating units as the principal reason that it failed to meet the definition of one 

microgrid (Puerto Rico Energy Bureau 2018).  

 

Puerto Rico’s definition of a microgrid emphasizes the requirement that it “act as a 

single controllable entity” (Regulation 9028, section 1.08 B). From an operations 

standpoint, being twenty microgrids rather than one is of little importance because 

management decisions will be made on a systems basis, relying on aggregated 

management to make decisions on matters such as electricity pricing. However, 

from a regulatory perspective being classified as multiple microgrids poses many 

issues. A separate registration process must be completed for each microgrid and 

the amount of fees and paperwork multiplies (Puerto Rico Energy Bureau 2018).  

 

The community solar model works well because the aggregation allows costs to be 

split amongst a group, lowering each individual burden, while taking advantage of 

the inherent economies of scale (Feldman et al. 2015). Toro Negro’s community 

solar program is structured in this manner but is decentralized because the 

geography of the community and local environment. The decentralization of the 

microgrid and the coupling of nearby residences into multiple units of a microgrid is 

a practical solution, which was viable for Toro Negro. However, Toro Negro is a 

unique case. Toro Negro receives special regulatory exemptions, including the 

additional registration fees being waived, because it outdates the new regulation 

(Puerto Rico Energy Bureau 2018).  

 

Newer projects will likely not have the same leniency and will need to adapt in 

order to satisfy regulatory requirements. Future community solar projects in Puerto 

Rico should incorporate a more centralized design. Rooftop solar systems should 

be aggregated into larger units that interconnect more houses. Ground-mounted 

systems should be explored as potential alternatives, which can be set up similarly 

to utility owned solar farms, but on a much smaller scale. 
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 Appendix 
 

 Energy Production Model Extended Methodology 
 
Our energy model’s primary function is to estimate the production of the microgrid 

in Toro Negro over the lifespan of the project. In order to calculate the production, 

we used the following formula: 

 

 𝒑𝒂𝒏𝒆𝒍 𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒐𝒏 = 𝑷𝑶𝑨 𝒊𝒓𝒓𝒂𝒅𝒊𝒆𝒏𝒄𝒆 ∗ 𝒑𝒂𝒏𝒆𝒍 𝒂𝒓𝒆𝒂 ∗ 𝒑𝒂𝒏𝒆𝒍 𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 ∗ 𝒎𝒐𝒅𝒖𝒍𝒆 𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚  

 

The equation was derived from the methodology used by National Renewable 

Energy Laboratory’s (NREL) PVWatts Calculator, which allows users to simulate 

the production of a photovoltaic solar system. In PVWatts, panel area and panel 

efficiency are multiplied together to form the input system size, which is measured 

in kilowatts DC and calculated for standard test conditions (National Renewable 

Energy Laboratory 2019A). Module efficiency is used to represent the efficiency 

loss of the solar array as a result of the solar cells operating temperature.  

 

Increasing cell temperature results in decreases in cell efficiency. This relationship 

is linear and must be taken into account in order to accurately estimate solar panel 

production (Dubey, Sarvaiya, and Seshadri 2013). Module efficiency was 

calculated using the equation: (1 +  𝛾(𝑇𝑐𝑒𝑙𝑙 −  𝑇𝑟𝑒𝑓) where 𝛾 is the temperature 

coefficient, – 0.45% / °C; 𝑇𝑐𝑒𝑙𝑙 is the cells operating temperature, obtained from 

PVWatts (calculated using the Fuentes model); and 𝑇𝑟𝑒𝑓 is the cells temperature at 

standard test conditions, 25 °C (Dobos 2014). 

 

The panel production is then adjusted to account for losses in the system. The 

following equation is used in our model to adjust for losses: 

 

 𝒍𝒐𝒔𝒔 𝒂𝒅𝒋𝒖𝒔𝒕𝒆𝒅 𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒐𝒏 = 𝒑𝒂𝒏𝒆𝒍 𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒐𝒏 ∗ (𝟏 − 𝒍𝒊𝒈𝒉𝒕 𝒊𝒏𝒅𝒖𝒄𝒆𝒅 𝒅𝒆𝒈𝒓𝒆𝒅𝒂𝒕𝒊𝒐𝒏 − 𝒐𝒕𝒉𝒆𝒓 𝒍𝒐𝒔𝒔𝒆𝒔) 
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Light induced degradation is calculated at (𝟎. 𝟎𝟎𝟓)(𝟐 + 𝑻) where T is the age of the 

system in years. Light induced degradation typically decreases efficiency by 1.5% 

in the first year and a further 0.5% per year (Dobos 2014). The other losses 

category includes losses in efficiency from shading, lowering of solar irradiance 

caused by shadows on the panels; soiling, the accumulation of material on the 

panels that blocks incoming radiation; and wiring, losses from electrical resistance 

that occur as energy moves through the system (National Renewable Energy 

Laboratory 2019B). This category was estimated at 10% for our model. 

 

The equation for panel production provides the electrical output in kilowatts of 

direct current (DC). In order to measure the usable energy, the production is 

converted to kilowatts of alternating current (AC). This is done by multiplying solar 

panel production in kW DC by the inverter efficiency, 95.7 %. Solar panel 

production was calculated for one panel. The model multiplies the number of 

panels in the system by the output of an individual panel to calculate the total 

output of the system measured in kilowatt-hours. 

 

The panel specifications were obtained directly from the manufacturer Hanwha 

Solar and were used as the inputs for panel area, panel efficiency, temperature 

coefficient, and reference temperature (Hanwha 2012). POA irradiance is obtained 

from NREL’s National Solar Radiation Database. The data is in the format of a 

Typical Meteorological Year (TMY), which is specifically designed for modeling 

solar energy systems production. The TMY format is location specific and 

comprised of one year of hourly data that best represent weather conditions over a 

multiyear period (National Renewable Energy Laboratory 2019C).  

 

  Tariff Structure and minimum demand charge 
 
The Regulation on Microgrid Development sets strict requirements on the 

permitted tariff structure for third party microgrids. The proposed tariff structure 

must be approved by PREB as part of the microgrid’s registration process 

(Regulation 9028). The regulation allows flexibility in the tariffs design, stating 
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specifically: “charges may be structured in any non-discriminatory manner, 

including but not limited to energy rates varying by usage block, time of use, 

season, system load and condition” (regulation 9028, section 5.04 A). The other 

major requirement is that the rate at which energy and grid sales are based must 

be designed using a cost of service-based methodology. The regulation states that 

the rate must be equal to “the expected annual costs divided by expected annual 

sales” (regulation 9028, section 5.04 B). The allowable costs in the calculation are 

“the project investment in the microgrid…which shall be the levelized payment at a 

cost of capital over the life of the project, and the annual operating costs of the 

system, including fuel, maintenance of generation, fees, regulatory charges, meter 

reading and billing” (regulation 9028, section 5.04 B). 

 

The pricing model that we designed calculates the cost of electricity using the 

mandatory cost-based pricing methodology. The model tracks the annual 

operations and maintenance costs, and the costs of replacing components 

throughout the lifetime of the project. The total cost is acquired by combining the 

capital investment costs and the operations and maintenance costs. The sale of 

electricity to customers is then input and multiplied by the price of electricity to 

determine the microgrid’s revenue. The price of electricity is then adjusted until the 

cash balances for the Toro Negro community, the revenue minus the total cost, is 

above zero in all years. A fair cost-based price is reached by reducing the price to 

the lowest possible point that still allows for Comunidad Solar Toro Negro to 

maintain the operation of the microgrid. 

 

A minimum demand charge has also been incorporated into the tariff structure. The 

regulation allows for flexibility in tariff design as long as the tariff fulfills the non-

discriminatory requirement, allowing for charges related to system load and 

condition. The minimum demand charge, directly tied to the system load and 

condition, sets a minimum monthly charge to consumers to offset costs tied to the 

systems degradation and ensure the future replacement of components throughout 

the system’s lifetime. The minimum demand charge functions as a price floor, 



   

 

84 
 

acting as a cost of being connected to the microgrid system. The minimum demand 

charge is implemented on a monthly basis and is set to the price of electricity for 

85 kilowatt-hours. Any user who consumes less than 85 kWh will be billed the 

minimum charge in order to offset their share of degradation and fixed operations 

and maintenance costs. The 85-kilowatt-hour threshold was set as it represents 

1/40 of the overall demand and will not discriminate against customers with lower 

electricity demand. 

 

  Relevant Energy Policies 
 

10.3.1. Policy on Energy Diversification  
 
The Public Policy on Energy Diversification by Means of Sustainable and 

Alternative Renewable Energy in Puerto Rico Act, hereinafter referred to as the 

Policy on Energy Diversification, was enacted in 2010 amidst concern for rising oil 

prices and climate change. In 2010, Puerto Rico’s electricity sector was heavily 

dependent on oil, which accounted for approximately 70% of its power generation. 

The Policy on Energy Diversification marks a political shift toward supporting 

cleaner, sustainable generation technologies (Act 82 of 2010).  

 

The Act establishes a Renewable Portfolio Standard (RPS) for Puerto Rico. The 

standard is set to raise incrementally; set at 12% from 2015 to 2019, 15% from 

2020-2027, and 20% 2035. The standard applies to PREPA; any other retail 

electricity supplier, an entity that sold at least 50,000 megawatt-hours in the 

previous year; sustainable renewable or alternative renewable energy producers, 

an entity with a generating capacity of 1MW or higher that produces energy from 

an eligible sustainable renewable or alternative renewable source; and to a 

distributed renewable energy producers, a producer of renewable energy with a 

capacity of less than 1MW who sells power to a retail electricity supplier through a 

net metering program (Act 82 of 2010). 
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The Puerto Rico Renewable Energy Commission (now the Puerto Rico Energy 

Bureau) was created by the Act to oversee and administer the Renewable Portfolio 

Standard. The Act also increases the authority of the State Office of Energy Policy 

(formerly the Energy Affairs Administration). The agency is responsible for 

“implementing the orders, resolutions, regulations, decisions, and determinations of 

the Puerto Rico Renewable Energy Commission and ensuring compliance” (Act 82 

of 2010, section 2). 

 

10.3.2.  Puerto Rico Energy Transformation and Relief Act 
 
The Puerto Rico Energy Transformation and Relief Act was enacted in 2014. The 

Act’s statement of motives highlights concerns over the continued reliance on oil, 

which decreased from 70 to 50 % of Puerto Rico’s electrical generation mix. The 

Act amends the Puerto Rico Electric Power Authority Act, which established 

PREPA as the island’s principal electrical utility, providing more regulatory 

oversight and demanding accountability (Act 57 of 2014). 

  

The Puerto Rico Energy Transformation and Relief Act created the State Office of 

Energy Policy (also referred to as the Commonwealth Energy Public Policy Office). 

The State Office of Energy policy replaced the energy affairs administration and 

inherited the responsibilities to implement the policies and decisions of the Energy 

Bureau (formerly the Puerto Rico Renewable Energy Commission). The Act also 

created the Energy Commission (now the Energy Bureau), as a successor to the 

Renewable Energy Commission. The commission is tasked with establishing the 

regulations necessary to manage the public policy on the electric power service, 

oversee the power services from PREPA, regulate electricity prices, approve 

integrated resource plans, and monitor reliability and compliance (Act 57 of 2014). 

 

10.3.3. Puerto Rico Electric Power System Transformation Act 
 
The Puerto Rico Electric Power system transformation Act was enacted in 2018 to 

incorporate reliability, sustainability, transparency, and resilience into Puerto Rico’s 
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electric power system. The Act creates a regulatory framework that will allow for 

the eventual distribution of market power as PREPA’s monopoly on generation is 

dissolved. This is captured in the statement of motives, which specifically identifies 

Puerto Rico’s intention of transitioning to a competitive model for the various 

energy sector participants (Act 120 of 2018). 

 

PREPA and the Government of Puerto Rico are authorized to “sell or otherwise 

dispose of any PREPA Asset related to electric power generation and to transfer or 

delegate any operation, Function, or Service to one or multiple proponents” (Act 

120 of 2018, section 5A). The transfer of assets is facilitated through the 

establishment of public-private partnerships. The Puerto Rico Public-Private 

Partnership Authority is designated as the entity responsible for overseeing these 

transactions and managing the creation of public private partnerships. The 

Authority is required to establish a partnership committee that is responsible for 

negotiating sales and partnership contracts. In its decisions the partnership 

committee is obligated to consider: the qualifications of the proponent, balance of 

social and commercial interests, scope of proposals to comply with Puerto Rico’s 

energy policy goals, rate structure, accessibility, price offered and ability to pay, 

and the terms of the contract (Act 120 of 2018). 

 

  



   

 

   

 

 Income Statement of Microgrid Operations 
10.4.1. High Demand Scenario 

Table 12. Income statement for High Demand Scenario 

Income Statement ($) 2019 - 2022 2023 - 2026 2027 - 2030 2031 - 2034 2035 - 2038 2039 - 2042 2043 - 2046 2047-2050 

Revenue            

  Electricity Units (High Case)                245,149                 245,149                 245,149                 245,149                 245,149                 245,149                 245,149          245,149  
  Average Electricity Price (Nominal Case)                     0.31                      0.33                      0.36                      0.39                      0.42                      0.46                      0.50               0.54  
                    

  Total Electricity Revenue                 75,781                  82,027                  88,789                  96,108                 104,030                 112,606                 121,888          131,936  

  Total Other Revenue                   4,547                    4,921                    5,328                    5,767                    6,242                    6,756                    7,313              7,916  

  Total Net Revenue                 77,297                  83,668                  90,565                  98,031                 106,112                 114,858                 124,326          134,574  

Cost of Goods Sold (COGS)            

  Direct Salaries & Benefits                   6,483                    7,018                    7,596                    8,222                    8,900                    9,634                  10,428            11,288  

  Depreciation & Amortization                        -                    10,135                  45,045                  50,996                  46,244                  40,968                  56,642            58,845  

  Direct Costs (Excluding Salary and Depreciation)                   2,679                    2,901                    3,139                    3,398                    3,677                    3,981                    4,308              4,664  

  Total Cost of Goods Sold                   9,162                  20,054                  55,780                  62,617                  58,822                  54,583                  71,378            74,796  

  Gross Margin                 68,135                  63,614                  34,785                  35,414                  47,290                  60,275                  52,948            59,778  

  Gross Margin% 88% 76% 38% 36% 45% 52% 43% 44% 
SG&A           
  Indirect Salaries & Benefits                        -                           -                           -                           -                           -                           -                           -                     -    

  Indirect Costs (Excluding Salary & Benefits)                 23,793                  25,430                  27,525                  29,795                  32,251                  34,909                  37,786            40,902  

  Total Sales, General & Administrative Costs                 23,793                  25,430                  27,525                  29,795                  32,251                  34,909                  37,786            40,902  

  SG&A% 31% 30% 30% 30% 30% 30% 30% 30% 
Earnings Before Income Tax           

  EBIT                 44,342                  38,184                    7,260                    5,619                  15,039                  25,366                  15,162            18,876  

  Operating Margin% 57% 46% 8% 6% 14% 22% 12% 14% 
Net Income           
  Taxes (0%)                        -                           -                           -                           -                           -                           -                           -                     -    

  Net Income                 44,342                  38,184                    7,260                    5,619                  15,039                  25,366                  15,162            18,876  

  Profit Margin% 57% 46% 8% 6% 14% 22% 12% 14% 
          

Toro Negro                  

Cash Flow 2019 - 2022 2023 - 2026 2027 - 2030 2031 - 2034 2035 - 2038 2039 - 2042 2043 - 2046 2047-2050 

  Net Income                 44,342                  38,184                    7,260                    5,619                  15,039                  25,366                  15,162            18,876  
  Add back Depreciation & Amortization                        -                    10,135                  45,045                  50,996                  46,244                  40,968                  56,642            58,845  

  Cash from Operations                 44,342                  48,319                  52,305                  56,616                  61,284                  66,334                  71,804            77,720  

  Investment                        -                           -                           -                           -                           -                           -                           -                     -    

  Subtract Capital Investments                        -                   (89,079)                (56,539)                (73,482)                        -                  (128,796)                (96,692)          (32,007) 
  Add back Salvage                        -                           -                           -                      7,883                         -                      9,402                         -                     -    

  Free Cash Flow                 44,342                 (40,760)                  (4,235)                  (8,983)                 61,284                 (53,060)                (24,888)           45,713  

  Cash Balance                 44,342                    3,582                      (653)                  (9,636)                 51,648                   (1,412)                (26,301)           19,413  



   

 

88 
 

10.4.2. Medium Demand Scenario 
Table 13. Income statement for Medium Demand Scenario 

Income Statement ($) 2019 - 2022 2023 - 2026 2027 - 2030 2031 - 2034 2035 - 2038 2039 - 2042 2043 - 2046 2047-2050 

Revenue            

  Electricity Units (Medium Case)                213,173                 213,173                 213,173                 213,173                 213,173                 213,173                 213,173          213,173  

  Average Electricity Price (Nominal Case)                     0.35                      0.38                      0.41                      0.44                      0.48                      0.52                      0.56               0.61  

                    

  Total Electricity Revenue                 74,682                  80,838                  87,502                  94,715                 102,523                 110,974                 120,122          130,024  

  Total Other Revenue                   4,481                    4,850                    5,250                    5,683                    6,151                    6,658                    7,208              7,802  

  Total Net Revenue                 76,177                  82,454                  89,252                  96,609                 104,572                 113,193                 122,525          132,625  

Cost of Goods Sold (COGS)            

  Direct Salaries & Benefits                   6,483                    7,018                    7,596                    8,222                    8,900                    9,634                  10,428            11,288  

  Depreciation & Amortization                        -                    10,135                  45,045                  50,996                  46,244                  40,968                  56,642            58,845  

  Direct Costs (Excluding Salary and Depreciation)                   2,679                    2,901                    3,139                    3,398                    3,677                    3,981                    4,308              4,664  

  Total Cost of Goods Sold                   9,162                  20,054                  55,780                  62,617                  58,822                  54,583                  71,378            74,796  

  Gross Margin                 67,015                  62,400                  33,472                  33,992                  45,750                  58,610                  51,147            57,829  

  Gross Margin% 88% 76% 38% 35% 44% 52% 42% 44% 

SG&A           

  Indirect Salaries & Benefits                        -                           -                           -                           -                           -                           -                           -                     -    

  Indirect Costs (Excluding Salary & Benefits)                 23,793                  25,430                  27,525                  29,795                  32,251                  34,909                  37,786            40,902  

  Total Sales, General & Administrative Costs                 23,793                  25,430                  27,525                  29,795                  32,251                  34,909                  37,786            40,902  

  SG&A% 31% 31% 31% 31% 31% 31% 31% 31% 

Earnings Before Income Tax           

  EBIT                 43,222                  36,970                    5,947                    4,197                  13,499                  23,701                  13,361            16,927  

  Operating Margin% 57% 45% 7% 4% 13% 21% 11% 13% 

Net Income           

  Taxes (0%)                        -                           -                           -                           -                           -                           -                           -                     -    

  Net Income                 43,222                  36,970                    5,947                    4,197                  13,499                  23,701                  13,361            16,927  

  Profit Margin% 57% 45% 7% 4% 13% 21% 11% 13% 

          
Toro Negro                  

Cash Flow 2019 - 2022 2023 - 2026 2027 - 2030 2031 - 2034 2035 - 2038 2039 - 2042 2043 - 2046 2047-2050 

  Net Income                 43,222                  36,970                    5,947                    4,197                  13,499                  23,701                  13,361            16,927  

  Add back Depreciation & Amortization                        -                    10,135                  45,045                  50,996                  46,244                  40,968                  56,642            58,845  

  Cash from Operations                 43,222                  47,105                  50,992                  55,194                  59,744                  64,669                  70,003            75,771  

  Investment                        -                           -                           -                           -                           -                           -                           -                     -    

  Subtract Capital Investments                        -                   (89,079)                (56,539)                (73,482)                        -                  (128,796)                (96,692)          (32,007) 

  Add back Salvage                        -                           -                           -                      7,883                         -                      9,402                         -                     -    

  Free Cash Flow                 43,222                 (41,974)                  (5,548)                (10,405)                 59,744                 (54,725)                (26,689)           43,764  

          

  Cash Balance                 43,222                    1,248                   (4,300)                (14,705)                 45,039                   (9,686)                (36,376)             7,389  
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10.4.3. Low Demand Scenario 
Table 14. Income statement for Low Demand Scenario 

Income Statement ($) 2019 - 2022 2023 - 2026 2027 - 2030 2031 - 2034 2035 - 2038 2039 - 2042 2043 - 2046 2047-2050 

Revenue            

  Electricity Units (Low Case)                181,197                 181,197                 181,197                 181,197                 181,197                 181,197                 181,197          181,197  

  Average Electricity Price (Nominal Case)                     0.41                      0.45                      0.48                      0.52                      0.57                      0.61                      0.66               0.72  

                    

  Total Electricity Revenue                 74,682                  80,838                  87,502                  94,715                 102,523                 110,974                 120,122          130,024  

  Total Other Revenue                   4,481                    4,850                    5,250                    5,683                    6,151                    6,658                    7,208              7,802  

  Total Net Revenue                 76,177                  82,454                  89,252                  96,609                 104,572                 113,193                 122,525          132,625  

Cost of Goods Sold (COGS)            

  Direct Salaries & Benefits                   6,483                    7,018                    7,596                    8,222                    8,900                    9,634                  10,428            11,288  

  Depreciation & Amortization                        -                    10,135                  45,045                  50,996                  46,244                  40,968                  56,642            58,845  

  Direct Costs (Excluding Salary and Depreciation)                   2,679                    2,901                    3,139                    3,398                    3,677                    3,981                    4,308              4,664  

  Total Cost of Goods Sold                   9,162                  20,054                  55,780                  62,617                  58,822                  54,583                  71,378            74,796  

  Gross Margin                 67,015                  62,400                  33,472                  33,992                  45,750                  58,610                  51,147            57,829  

  Gross Margin% 88% 76% 38% 35% 44% 52% 42% 44% 

SG&A           

  Indirect Salaries & Benefits                        -                           -                           -                           -                           -                           -                           -                     -    

  Indirect Costs (Excluding Salary & Benefits)                 23,793                  25,430                  27,525                  29,795                  32,251                  34,909                  37,786            40,902  

  Total Sales, General & Administrative Costs                 23,793                  25,430                  27,525                  29,795                  32,251                  34,909                  37,786            40,902  

  SG&A% 31% 31% 31% 31% 31% 31% 31% 31% 

Earnings Before Income Tax           

  EBIT                 43,222                  36,970                    5,947                    4,197                  13,499                  23,701                  13,361            16,927  

  Operating Margin% 57% 45% 7% 4% 13% 21% 11% 13% 

Net Income           

  Taxes (0%)                        -                           -                           -                           -                           -                           -                           -                     -    

  Net Income                 43,222                  36,970                    5,947                    4,197                  13,499                  23,701                  13,361            16,927  

  Profit Margin% 57% 45% 7% 4% 13% 21% 11% 13% 

          
Toro Negro                  

Cash Flow 2019 - 2022 2023 - 2026 2027 - 2030 2031 - 2034 2035 - 2038 2039 - 2042 2043 - 2046 2047-2050 

  Net Income                 43,222                  36,970                    5,947                    4,197                  13,499                  23,701                  13,361            16,927  

  Add back Depreciation & Amortization                        -                    10,135                  45,045                  50,996                  46,244                  40,968                  56,642            58,845  

  Cash from Operations                 43,222                  47,105                  50,992                  55,194                  59,744                  64,669                  70,003            75,771  

  Investment                        -                           -                           -                           -                           -                           -                           -                     -    

  Subtract Capital Investments                        -                   (89,079)                (56,539)                (73,482)                        -                  (128,796)                (96,692)          (32,007) 

  Add back Salvage                        -                           -                           -                      7,883                         -                      9,402                         -                     -    

  Free Cash Flow                 43,222                 (41,974)                  (5,548)                (10,405)                 59,744                 (54,725)                (26,689)           43,764  

                    

 Cash Balance                 43,222                    1,248                   (4,300)                (14,705)                 45,039                   (9,686)                (36,376)             7,389  

  


