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Background Information
Building energy self-sufficiency with clean and renewable energy is a pressing need that
breaks the dependency on fossil fuels. One way to drive this energy transition is to promote
the self-consumption of solar energy produced on the roofs of homes, public buildings, and
businesses. In 2007, sectors of academia, the community, and few others promoted what
is known as net metering. This is a European policy adopted in the United States to encourage the private investment in energy generation directly at the point of consumption. The
proposal of net metering was converted into public policy under the law 114 of August 16,
2007 [10] and the organization Casa Pueblo was the first place to interconnect to the grid.
Net metering allows a solar energy system to connect and exchange energy with the electrical grid. This configuration allows the flow of excess daytime solar energy to the grid and
receive energy back from the electrical service in a 1:1 exchange when needed. In addition
to saving costs from centralized generation, people, businesses, and industries invest in
distributed energy generation infrastructure, expanding the use of clean and renewable
energy sources that improve the resiliency of the grid and reduce the dependency on fuels
such as coal, natural gas, and oil. Furthermore, net metering is a tool that helps to democratize the energy sector, promoting citizen participation through solar generation.
On June 1, 2021, the private company LUMA Energy took control of the operation and
maintenance of transmission and distribution for the electrical system in Puerto Rico. They
are also are responsible for facilitating an agile process of interconnection known as the service Net Energy Metering (NEM). However, there is a backlog of interconnection requests
due to systematic noncompliance with public energy policy, which was reported to the
Puerto Rico Energy Bureau (NEPR-QR-2020-0029). Law 17 of 2019 establishes a protocol to
expedite the interconnection to the electrical grid of photovoltaic generation systems with
capacities of 25 kilowatts or less. The complaint resolved recently in favor of the consumer,
denouncing the delay of five or more months for a process that the law establishes should
not exceed 30 days [14]. These delays by public and private energy companies, as well as
the threat of a tax per kilowatt-hour produced in homes, have been practices dissuading
people from investing in self-consumption of solar energy [11]. As of February 2022, LUMA
published their second quarterly report (Q2) on progress corresponding to the months of
October, November, and December of 2021. In this period, LUMA activated NEM service for
more than 7,500 solar customers, for a total of over 15,000 connections in the fiscal year [9]
while the solar tax was recently defeated by strong public opposition [15].
The government has committed to transforming electricity generation to 100% renewable
energy by 2050. In addition, they established intermediate goals of 40% by 2025 and 60%
by 2040, according to the U.S. Department of Energy (DOE). To achieve these goals, in Fe•2•

bruary 2022 the DOE initiated Puerto Rico Grid Resilience and Transitions to 100% Renewable Energy Study (PR100). This study will analyze generation scenarios, including distributed
energy generation and net metering [7]. The national aspirations are for an aggressive transition that leaves behind the economic, environmental, and health vulnerability of centralized generation based on the burning of natural gas, oil, and coal.
Other non-governmental organization have more aggressive renewable energy goals. For
example, Casa Pueblo promotes 50conSol [1] or that 50% of residential electricity be generated in 10 years after Hurricane Maria (2027) with photovoltaic energy at the point of
consumption. Other organizations such as Queremos Sol [13] and the Institute for Energy
Economics and Financial Analysis (IEEFA) have shown the potential solar energy production
to meet the energy needs of Puerto Rico.

Objective: Evaluate the Energy Insurrection
The objective of this work is to evaluate the footprint of self-consumption by photovoltaic
installations in distributed generation by using net metering indicators and trends in Puerto
Rico. This analysis will enable understanding of the social contribution to the energy transformation of the country.

Methods
Data Sources
This analysis used as a primary source the public data from the U.S. Energy Information
Administration. This organization provides the DOE information and represents the federal
government’s leading authority on energy statistics and analysis. The reports of Form EIA861M [4] provide data on monthly capacity of net metering in all state and territories of the
United States, including Puerto Rico, from June 2014 to January 2022. To complement this
analysis, public data from Monthly Form EIA-861M (formerly EIA-826) detailed data (1990
- present): Revenue, Sales, Customer Counts, and Retail Price by State and Sector [5] and
the Regulatory Department of LUMA, specifically the report Generación, consumo, costo,
ingresos, y clientes del sistema eléctrico de Puerto Rico [8] from July 1999 to February 2022
were leveraged.
This analysis is limited to photovoltaic systems interconnected to the grid with approved
net metering contracts. In other words, the solar contribution of pending contracts with
LUMA, new projects, and thousands of off grid solar systems built in the country are not
included in this analysis.
Analysis
This analysis evaluated trends of net metering monthly capacity (in megawatts MW of electrical power) across three sectors: residential, commercial, and industrial. Analysis by avera•3•

ge annual capacity indicates the use of the average value of all the months reported in that
year; analysis by monthly capacity signifies the use of the value reported for each month,
respectively.
To understand the impact of national and international events, the analysis is divided into
three time periods:
• Pre-María: June 2014 – September 2017
• Post-María: September 2017 – March 2020
• Covid-19 Period: March 2020 – January 2022 (present)

The growth rate, where A is the new value and B is the prior value, is estimated using the
following formula:
Growth Rate =

(A-B)
* 100
B

The data for energy generated and consumed was reported in mkWh (millions of kWh) per
month. The equivalent monthly net capacity of installed photovoltaic power is estimated in
MW from generation in mkWh through the following conversion, assuming constant generation:
Equivalent net capacity in MW =

1 month
Generation in mkWh 1000 MWh
1 day
			
*		
*
*
1 mkWh
24 hours
31 days
month

The ratio between residential net metering (MW) and residential consumption (MW), where
the average residential consumption in mkWh is converted to MW as described above, is
estimated through the following conversion:
Ratio =

Residential Net Metering (MW)
Residential Consumption (MW)+ Residential Net Metering(MW)

Key Findings
Figure 1 illustrates the installed photovoltaic average annual capacity (MW) for net
metering registered in Puerto Rico from June 2014 to January 2022 [4]. In this period, the installed capacity of net metering increased from 24.2 MW to 315.7 MW,
which represents a growth of 1305% in only 8 years. The residential installations
represent the sector with the greatest growth, with an increase from 4.4 MW of
•4•

photovoltaic generation on the roofs of 969 homes in 2014 to 224.6 MW on 40,830
houses in January 2022 (Table 1). This increase of 5005% represents seven times
more than that of the industrial sector and 15 times more than the commercial
sector.
FIGURE 1. Average annual capacity of installed photovoltaics for net metering by sector in
Puerto Rico (MW) [4].
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TABLE 1. Annual average of photovoltaic net metering customers by sector [4].
Year

Residential

Commercial

Industrial

2014

969

189

8

2015

2,162

275

12

2016

4,670

382

19

2017

8,911

565

27

2018

11,879

646

27

2019

14,328

769

28

2020

17,411

857

25

2021

28,750

1,111

28

2022

40,830

1,340

29

•5•

To compare the share that the residential, commercial, and industrial sectors contribute to
the growth of NEM, the annual relative share was calculated. Figure 2 highlights that the
residential sector is the one with the highest relative growth in the last eight years. The
capacities of the commercial and industrial sectors increased but the relative share of the
commercial sector decreased each year while the relative share of the industrial sector remained relatively constant.

FIGURE 2. Changes in the relative share (%) and the average annual capacity of installed
photovoltaics for net metering (MW) by sector in Puerto Rico [4].
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•

The relative share of the residential sector grew from 18% in 2014 to 71% in
January 2022, while the relative share of the commercial sector decreased from
75% of the total in 2014 to 25% in January 2022.

•

The installed capacity of residential net metering (MW) in 2022 is 51 times greater
than that of 2014 and 2.5 more than the combined installed capacity of the commercial and industrial sectors in this same period.

Residential Sector
Figure 3 illustrates the exponential growth in photovoltaic capacity for net metering in the
residential sector installed from 2014 to 2022 [4]. If this trend continues, and applying the
exponential projection from the historical data, it is estimated that the installed capacity will
•6•

reach 1 GW in 2025, converting solar to the primary energy source for power generation in
Puerto Rico. This projection is theoretical and based solely on historical trends, and does
not include population, number of potential customers, purchasing power of customers,
and the cost of equipment, materials, installation, among other factors.
If x = 127 months from June 2014 to January 2025:
y = 6.822e0.0397x = 6.822e0.0397(127) = 1055 MW = 1.055 G

FIGURE 3. Average installed photovoltaic capacity for net metering in the residential
sector in Puerto Rico [4].
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The growth curve of residential net metering in Puerto Rico is illustrated in Figure 4 [4]. In
the post-Maria period, the capacity increased from 51.3 MW to 224.6 MW, with residential
capacity 4.4 times greater than after Maria, or a growth of 166% in the monthly residential
capacity.
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FIGURE 4. Average installed photovoltaic capacity for net metering in the residential sector in Puerto Rico [4].
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Residential Generation and Consumption
To determine the net consumption for the residential, commercial, and industrial sectors,
the values reported by AEE from January 2020 to January 2022 were averaged [8]. Converting said net consumption to its equivalent in net capacity, as described in the Methods section, the net capacity required in MW to satisfy the demand of each sector was determined.
This allowed the evaluation of the contribution of photovoltaic systems interconnected to
the network by net metering.
Table 2 summarizes the net capacity required daily, in MW, to be able to supply the demand
of each sector, according to the consumption data reported by AEE between January 2020
and January 2022 [8].
Table 3 summarizes generation by AEE energy source, in mkWh, to be able to supply the
total monthly demand of Puerto Rico as well as the demand of the residential sector.

•8•

TABLE 2. Average monthly consumption (2020-2022) of residential, commercial, and
industrial sectors in Puerto Rico [8].
Sector

Equivalent Net Capacity MW1 ± SD2

Residential Consumption

760 ± 117

Commercial Consumption

785 ± 90

Industrial Consumption

210 ±30

Equivalent net capacity is translated from monthly consumption reported by AEE from January 2020 to
January 2022 in mkWh [8].
1

SD, standard deviation of the 24 months averaged. Agriculture and public lighting are additional sectors of
energy consumption not included in this analysis.

2

•

The average monthly capacity for the residential sector is satisfied with 760 MW.

•

Residential consumption represents 40% of the total generation on average.

•

The commercial sector constitutes the one with the greatest consumption.

TABLE 3. Sources of energy generation, capacity to satisfy the total demand, and the
equivalent to supply residential consumption in Puerto Rico [8].

Energy Source

Average Monthly
Generation
mkWh ± SD2

Fraction to supply the
residential demand1
mkWh ± SD2

AEE Oil

665 ± 205

266 ± 82

AEE Natural Gas

274 ± 186

110 ± 74

AEE Hydroelectric

4±2

1±1

Purchased AES-Coal

257 ± 56

103 ± 23

Purchased EcoEléctricaNatural Gas

278 ± 50

111 ± 20

Purchased-Wind

13 ± 5

5±2

Purchased-Solar Farms

22 ± 2

9±1

1

Of the total capacity produced in Puerto Rico, 40% is for residential use.

2

SD, standard deviation of the 24 months averaged.
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FIGURE 5. Energy sources produced or purchased from private generators to supply the
energy demand in Puerto Rico, monthly average 2020-2022 [8].
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•

AEE maintains a 44% dependency on oil for centralized energy generation in Puerto Rico. However, this represents a reduction of 54% in the last 22 years.

•

The reduction of the use of oil is mainly due to the substitution for coal (17%, AES)
and natural gas (36%, EcoEléctrica and AEE).

•

Generation with renewable sources include hydroelectric, wind farms, and solar
farms, which represents just 2.5% of the total generation.

•

AEE and co-generators produce 97.5% of all energy in the country by burning fossil fuels.

Table 4 presents the average annual percentage of renewable energy produced or purchased by AEE in the last eight years. Additionally, it includes the ratio between residential
net metering and residential consumption, estimated in MW using the conversion described in the Methods section [8]. The ratio between residential net metering and residential consumption increased 26 times between 2014 and 2022.
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TABLE 4. Generation with renewable energy by AEE, and the ratio between residential
net metering (MW) and residential consumption (MW) [4, 8].

Year

Generation with
Renewable Energy by AEE

Ratio between residential net metering
(MW) and residential consumption (MW)

2014

1.71%

0.01

2015

1.94%

0.02

2016

1.92%

0.03

2017

2.29%

0.08

2018

1.35%

0.08

2019

2.43%

0.11

2020

2.49%

0.12

2021

2.58%

0.17

2022

2.76%

0.26

The installed photovoltaic capacity for net metering in January 2022 for residential consumption is 224.6 MW. With the assumption of four hours of solar generation per day in
Puerto Rico, it is estimated that this capacity represents 27,850 MWh of photovoltaic energy produced on the roofs of homes. This means that:
•

Solar energy at the point of consumption1 represents 5.5% of the generation needed for residential demand.

•

This generation is 19 times more than the generation with hydroelectric, five times more than that generated by wind, and three times more than that generated
by solar farms.

1

Of the total capacity produced in Puerto Rico, 40% is for residential use.

Comparison with the United States
Figure 6a presents the distribution of installed photovoltaic capacity for net metering by
state in the United States and Puerto Rico in January 2022 reported by the EIA [4]. This
highlights that, even though the solar investment in Puerto Rico does not have the same
public policy and financial incentives as Hawaii, California, and other states, Puerto Rico is in
the 17th position for solar use with a residential net metering capacity (MW) that exceeds 33
states.
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FIGURE 6a. Installed photovoltaic capacity for net metering (MW) by state in the United
States and Puerto Rico (January 2022) [4].

If the net metering capacity is normalized by population size [3] and land size [2] (Figures 6b
and 6c), Puerto Rico rises to the 14th and 6th position, respectively. Hawaii stands out, which
years ago adopted an aggressive policy to build energy independence for its islands. Other
states such as California, Arizona, New Jersey, and New York also did the same.

FIGURE 6b. Installed photovoltaic capacity for net metering (MW) by state in the United
States and Puerto Rico (January 2022) normalized by population size [3, 4].
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Capacity (W / sq mi)

FIGURE 6c. Installed photovoltaic capacity for net metering (MW) by state in the United
States and Puerto Rico (January 2022) normalized by land size [2, 4].

Furthermore, the ratio between residential net metering capacity (MW) [4] and residential
consumption (MW) [5] was compared for the 50 states and Puerto Rico. In this comparison,
Puerto Rico is in the 5th place, after Hawaii, California, Nevada, and Arizona (Figure 6d).

FIGURE 6d. Ratio between installed photovoltaic capacity for residential net metering
(MW) and residential consumption (MW)1 by state in the United States and
Puerto Rico in January 2022 [4, 5].

Equivalent net capacity translated from the average consumption reported by EIA in January and February
2022 in mkWh [5].
1
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Estimated Impacts of Citizen Investment in Residential Solar Generation
As of January 2022, the EIA reported that the installed capacity for residential net metering is 224.6 MW of solar generation, with 12,118.9 MWh of energy sold back to the grid
that month [4]. This solar generation means that residents with net metering produced an
excess of 12,118.9 MWh of renewable energy, in addition to the energy produced and consumed for their homes which is not documented by EIA. Assuming 4 hours of solar generation per day in Puerto Rico, it is estimated that the capacity of 224.6 MW of net metering
represents 27,850 MWh of photovoltaic energy produced on the roofs of homes and
that the energy consumed by homes is the difference, or 15,731 MWh.
The economic and environmental impacts of this residential capacity are estimated illustratively as follows:

•

If the actual cost of photovoltaic installation (not including batteries) in Puerto Rico
was $2.5 per watt installed, then the 224.6 MW of installed residential solar generation represents a citizen investment of approximately $561.5 million into the electrical system of the country. The investment has been greater but the costs have
been reduced with time, with the exception of years such as 2014 to 2017 which
were significantly more expensive.

•

If the capacity per panel installed is 265 W, the 224.6 MW of installed photovoltaic capacity for residential net metering represents 847,550 panels. There were
40,830 residential photovoltaic net metering customers reported in January 2022
[4], which represents an average of 5.5 kW per customer of installed photovoltaic
capacity.

•

If 0.85 pounds of carbon dioxide (CO2) are emitted per kWh of generation as estimated by the EIA for electricity generation in the United States [6], the 27,850
MWh of residential solar generation in Puerto Rico represents an estimated reduction of 23.7 million pounds of CO2 in January 2022 alone.

•

If the cost of imported fuel in Puerto Rico is around $0.11/kWh [12], the 27,850
MWh of residential solar generation represents savings of $3.1 million monthly.
These fuel savings are retained in the economy of Puerto Rico.

The impacts of photovoltaic generation from the roofs of residents are much broader than
the estimates of net metering due to the thousands of off grid (independent) installations
that also contribute to Puerto Rico’s energy infrastructure.

•14•

Conclusion
Summary
Using as a primary source the public data from the U.S. Energy Information Administration
(EIA), self-consumption of installed photovoltaics in distributed generation was evaluated.
The installed capacity for residential net metering was used as a direct indicator of the footprint of solar energy in Puerto Rico for self-consumption. In general, it was observed that
the residential capacity grew from 3.8 MW in June 2014 to 224.6 MW in January 2022. This
increase is a result of the investments made by the people and their communities.
The installed capacity of 224.6 MW represents approximately:
•

5.5% of the residential demand

•

40,830 homes producing all or part of the energy they consume

•

59 times more than the capacity in 2014

•

2.5 times more than the installed commercial and industrial capacities combined

•

847,550 panels of 265 W (an average of 5.5 kW per home)

•

$561 million of investment in renewable energy infrastructure

•

23.7 million pounds of CO2 avoided monthly

•

$3.1 million avoided costs for the purchase of fossil fuels monthly

In the last two years, AEE has averaged only 2.5% of generation with clean and renewable
sources, using its old hydroelectric plants or through the purchase of energy from wind and
solar farms, maintaining almost a complete dependence on fossil fuels.
Relative to the United States, Puerto Rico is in the top 10 for the most installations of net
metering, exceeded only by states like California, Hawaii, and Arizona, which have various
residential incentive programs. If the growth curve of interconnected solar systems on the
island is uninterrupted, it is projected that by 2025 installed photovoltaic capacity for net
metering will reach 1 GW, thus displacing oil as the primary energy source for residential
use.
Relevance
The social investment in renewable energy has been significant, far outpacing the growth
of renewable energy generation by the centralized public and private system. The industrial
and commercial sectors add another 91 MW to the installed photovoltaic capacity for net
metering. This data demonstrates the power of change driven by the community in face of
the urgency to address energy insecurity and build climate change adaptation.
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The rapid growth of net metering and residential solar energy increases resiliency and
energy independence, but there also are complexities that require attention to continue the
energy transformation. While non-governmental investment in renewable and distributed
energy is evidenced, there is a need for:
•

Compliance with an agile, efficient, and safe interconnection process for net metering, with the continued partnership between the consumer and energy provider.

•

As millions of external funds are granted to LUMA, it will be important that this
opportunity is used to strengthen the grid with the advanced and necessary capabilities to support the growth of distributed energy (including net metering and other
renewable sources), thus improving the resiliency of the grid.

•

The public and private generation sectors to meet the goals of renewable and autonomous energy for Puerto Rico, leaving behind oil, natural gas, and coal.

The Energy Insurrection Marks the Change
It is evident that the energy transformation in Puerto Rico to clean and renewable sources
is not occurring from traditional spheres of power, but that community and citizen management have been the greatest force of change for the integration of renewable energy. In
addition to the solar generation capacity at the point of consumption as reported through
net metering, off grid photovoltaic generation adds a generation capacity that is currently
incalculable. The power of the community in the struggle to democratize the energy sector in Puerto Rico has been named in Adjuntas as the energy insurrection, which strongly
advances toward building an alternative country of its own. To achieve this vision, there is a
social need to:
•

Democratize generation, where energy access is a right and not a privilege for those
who can finance solar installations.

•

Allocate local or external funds for the electrical system that can directly help disadvantaged people to achieve base generation for their homes. This is a strategy to
tackle poverty with self-consumption and the construction of climate adaptation in
regions that are left behind after blackouts of the centralized system.

•

Ensure that the growth of net metering and the capacity of renewable energy held
by the people and communities does not become a subterfuge for the imposition of
energy cost hikes.
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Multiple sectors of the community of Adjuntas, national groups and international personalities celebrated la Marcha del Sol (March of the Sun) on Sunday, April 21, 2019, in Adjuntas.
This citizen mobilization demanded the creation of a model of energy self-sufficiency for
Puerto Rico with clean and renewable sources such as the sun.
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