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Introduction

The Puerto Rico Grid Resilience and Transitions to 100% Renewable Energy Study (PR100) is a
2-year study by the U.S. Department of Energy’s (DOE’s) Grid Deployment Office and six
national laboratories to comprehensively analyze stakeholder-driven pathways to Puerto Rico’s
clean energy future.! In Year 1 of the study, the PR100 team rigorously modeled and analyzed
scenarios that meet Puerto Rico’s renewable energy targets and achieve short-term recovery
goals and long-term energy resilience.

This report, which summarizes PR100 progress in Year 1, provides considerations that can
inform potential funding and implementation decisions by key federal and local agencies and
stakeholders. The summary report follows the publication in July 2022 of a PR100 Six-Month
Progress Update (in English and Spanish), as well as public webinars in February 2022 to kick
off the study and in July 2022 to present the 6-month update.? A final written report and web-
based visuals will be published in late 2023. All publications and public events associated with
the study will be available in Spanish and English.

Background

PR100 is funded primarily through an interagency agreement with the Federal Emergency
Management Agency (FEMA), and the study is part of a larger portfolio of support for Puerto
Rico energy planning, as articulated in a memorandum of understanding between DOE, the U.S.
Department of Homeland Security, the U.S. Department of Housing and Urban Development
(HUD), and the Commonwealth of Puerto Rico.

The PR100 study relies on extensive input to ensure the project team is providing effective and
relevant technical assistance. DOE has convened a steering committee of federal recovery
funders (e.g., FEMA, HUD) and local government implementers (e.g., Puerto Rico Electric
Power Authority (PREPA), LUMA Energy, the Puerto Rico Energy Bureau (PREB), the Puerto
Rico Department of Economic Development and Commerce (DDEC) Energy Policy Program,
the Puerto Rico Department of Housing, and the Central Office for Recovery, Reconstruction,
and Resiliency (COR3)) to help guide DOE’s portfolio of technical assistance projects.

Additionally, PR100 involves an advisory group of nearly 100 individuals from 60 organizations
representing the public, private, and nonprofit sectors, including academic, community-based,
and environmental organizations; retail and manufacturing groups; and financial, legal, and other
areas of expertise; see Appendix A for a list of Puerto Rico Energy Recovery and Resilience
Advisory Group (Advisory Group) members and their affiliations. In this way, PR100 will
reflect and respond to a breadth of stakeholder perspectives and priorities and will support
progress toward energy justice for all Puerto Ricans.

' The PR100 study is led by the National Renewable Energy Laboratory (NREL) with support from Argonne
National Laboratory, Lawrence Berkeley National Laboratory, Oak Ridge National Laboratory, Pacific Northwest
National Laboratory, and Sandia National Laboratories.

2 Access all project publications and past events from the Puerto Rico Energy Recovery and Resilience (DOE) and

Multilab Energy Planning Support for Puerto Rico (NREL) web pages.
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Summary of First-Year Progress

This Year 1 summary report provides initial modeling and analysis results and describes high-
resolution wind and solar resource data sets for Puerto Rico, along with other publicly available
data sets, developed in the first year of PR100.

A major accomplishment to date that will frame the remainder of the study is our development of
feasible scenarios® for Puerto Rico to reach its goals of 100% renewable energy by 2050, with
interim targets of 40% by 2025, 60% by 2040, the phaseout of coal-fired generation by 2028, and
a 30% improvement in energy efficiency by 2040, as codified in the Puerto Rico Energy Public
Policy Act of 2019 (Act 17).

We developed four initial scenarios for analysis following extensive engagement with Advisory
Group members, who expressed interest in studying different levels and applications

of distributed energy resource deployment, such as rooftop solar and batteries. Therefore, the
primary distinctions between our four scenarios relate to the required amount and location

of distributed energy deployment, as shown in Table 1. For all modeled scenarios, any remaining
load not met by distributed resources will be met by the economic deployment of utility-scale

resources.
Table 1. Four Initial Scenario Definitions
Scenario Scenario Name Description Short Name
Number (based on
distributed energy
resource
adoption)
1 Economic adoption of Distributed energy resource adoption is | Economic
distributed energy based on financial savings to building
resources owners.
2 Deployment of Installation of distributed energy Critical
distributed energy resources is prioritized beyond
resources for critical Scenario 1 for critical services like
services hospitals, fire stations, and grocery
stores.
3 Equitable deployment Installation of distributed energy Equitable
of distributed energy resources is prioritized beyond
resources Scenario 2 for remote and low- and
moderate-income households.
4 Maximum (prescribed) | Distributed energy resources are Maximum
deployment of installed on all suitable rooftops.
distributed energy
resources

3 We use the term “feasible scenario” to mean a scenario for which there are no possible or known economic or
engineering reasons for disqualifying the scenario from continued consideration.
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For each of these scenarios, we varied parameters that might impact distributed energy
deployment. We included two variations each for electrical load and land availability, resulting
in a total of 16 possible model combinations (see Appendix B). Once we defined the scenarios,
we conducted initial modeling of distributed energy resource adoption and system buildout
through 2050.

All scenarios rely on a significant increase in rooftop solar photovoltaics (PV) and associated
battery energy storage systems. Preliminary modeling shows that Scenario 1 requires a 6x
increase in distributed solar and storage systems between 2022 and 2050, while Scenario 4
shows a 16x increase. This "maximum" scenario would be achieved by increasing the current
rate of deployment by approximately 4x. Across all scenarios, distributed PV capacity would
range from 3 GW to 7 GW.

Based on these results from our four initial scenario definitions, we identified three feasible
scenarios for refined modeling and analysis in Year 2. We found that Scenarios 1 and 2 resulted
in approximately the same level of distributed energy resource adoption because critical services
are included in the approach that delivers maximum financial savings to building owners.* These
two scenarios will be combined, as shown in Figure 1, in refined modeling and analysis of three
feasible scenarios in Year 2.

Scenario 1 & 2. Economic & Critical Scenario 3. Equitable Scenario 4. Maximum
PN | she S8 e B B o B
»H a‘ﬁg"??‘ % &~ ‘*Muf‘i;{»‘!* 5 & RS
» v WYy » ot S W e & O
. *ﬁ wﬁ Y - - - J "‘?ﬂ T ¥, & wa. - o] \W‘Vﬁ :
5 -« b " ;‘é‘ : ﬁ L R
Distributed energy resource Installation of distributed energy Distributed solar and storage is
adoption is based on financial resources for remote and low- and added to all suitable rooftops.
savings to building owners as well moderate-income households,
as critical services like hospitals, fire beyond the economic adoption seen
stations, and grocery stores. in Scenario 1 & 2.

Figure 1.The three feasible scenarios for analysis in PR100. Graphics by NREL.

Scenarios 1 and 2 are merged because the economic scenario is inclusive of the critical scenario.

Initial Findings

In this summary report, we present a selection of preliminary findings from study activities to
date. In Year 2, we will continue to refine and iterate on these modeling activities, and we will
perform additional analyses to understand how each scenario impacts transmission, distribution,
emissions, energy justice, and resilience. Our analysis relies on a set of assumptions and
uncertainties about Puerto Rico’s energy landscape, which are described in Appendix C and will
be refined in Year 2. Below we present and discuss high-level findings of Year 1.

4 Six types of critical facilities were included in this analysis and in transmission resilience modeling: seaports,
water treatment plants, airports, hospitals, police and fire stations, and security shelters. Note that in Year 2, we
intend to review and align definitions of critical facilities, and to consider the one used in the ongoing social
burden analysis.
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Renewable Energy Potential in Puerto Rico

One of the most important questions for reaching 100% renewable energy is whether Puerto
Rico’s renewable resource potential is sufficient—is there enough sun, wind, hydro, and other
sources of renewable energy? To answer this question, we conducted assessments of the
technical potential of a variety of renewable energy resources in Puerto Rico,> and we generated
high-resolution, multiyear resource data sets for land-based wind, offshore wind, and solar, as
well as wind and solar forecast data. We found that the renewable technical resource in Puerto
Rico significantly exceeds the current and projected total annual loads through 2050.

We include in our modeling only generation technologies that meet the definition of renewable
energy in the Public Policy on Energy Diversification by Means of Sustainable and Alternative
Renewable Energy in Puerto Rico Act (Act 82 of 2010, as amended). Consistent with this policy,
technologies considered in PR100 include solar energy, wind energy, hydropower, marine and
hydrokinetic renewable energy, ocean thermal energy, and combustion of biofuel derived solely
from renewable biomass.

The solar resource data from 1998-2021 are publicly available at https://nsrdb.nrel.gov, and the
wind resource data from 2000-2021 are publicly available at https://www.nrel.gov/grid/wind-
toolkit.html. Wind and solar resource forecast data generated during an earlier phase of the
project are also available on request. Marine, hydropower, and pumped storage hydropower
assessments are in progress, and data sets will be made publicly available once they are
complete. Other resources will be considered (either for local production or the cost of import) as
they emerge in the study.

Land Availability

Throughout discussions with the Advisory Group, one of many members' key priorities was to
ensure the preservation of agricultural lands and other areas of environmental, historical, and
social value. In response, we integrated this feedback into land exclusions for our land-based
wind and utility-scale solar PV assessments. Land exclusions for both PV and wind energy
projects include waterbodies, rivers, roads, buildings, habitat areas, protected areas, urban areas,
and a contiguous area restriction.® Additionally, for utility-scale PV, the land must have less than
a 5% slope, while for wind, the land must have less than a 13% slope. For the protected and
agricultural areas, we used data from the Puerto Rico Planning Board (PRPB 2015).

Once all the exclusions are applied, the results show areas assumed to be suitable for utility-scale
PV and wind energy development. Figure 2 shows land available for utility-scale solar PV
development with agricultural lands excluded (left) and included (right); white space indicates
excluded area and green is developable area.

5 The resource data are used to determine the renewable energy technical potential of a given technology to define
its achievable energy generation given system performance, topographic, environmental, and land use constraints.
Technical potential is the total amount of a resource that could be deployed; it is only limited by physical constraints
(e.g., rooftop area, available land area, and technical efficiency). The benefit of assessing technical potential is that it
establishes an upper boundary estimate of development potential (Lopez et al. 2012).

¢ We used a minimum contiguous area of 0.3 km? based on current land use assumptions.
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Figure 2. Land available for utility-scale solar PV development with agricultural lands excluded
(left) and included (right), with detailed insets. Graphics by NREL.

Legend: white = excluded area; green = developable area

We also developed exclusion maps for land-based wind deployment that are inclusive and
exclusive of agricultural land (Figure 3), and we conducted analysis on marine exclusions for use
with offshore wind technology. Excluded from consideration for offshore wind deployment are
protected areas, danger zones and restricted areas, submarine cables, ocean disposal sites,

and unexploded ordinance areas (Figure 4).
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Figure 3. Land available for utility-scale, land-based wind development with agricultural lands
excluded (left) and included (right), with detailed insets. Graphics by NREL.

Legend: white = excluded area; green = developable area
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Figure 4. Exclusions for offshore wind technology. Graphic by NREL.

HAPC = habitat area of particular concern; PA = protected area; MPA = marine protected area

Based on our initial modeling of renewable energy potential and available land area, one
important finding is that if only utility-scale solar and land-based wind resources were deployed,
Puerto Rico could not meet its renewable capacity targets given the amount of land available
when agricultural land is excluded. Therefore, identifying alternate system configurations for
deployment on smaller specialized areas could increase developable area for moderate- to large-
scale renewable energy projects. For example, deploying community solar, floating PV, or
agrivoltaics at locations such as airports, brownfields, or industrial areas could increase the
amount of utility-scale potential.

Also, we estimated the levelized cost of electricity for locations that are suitable for renewable
energy, which is a key driver of the economics of renewable energy options, and we found that
implementation of new utility-scale solar, land-based wind, and storage is more cost effective
than maintaining existing generation—based on operating costs alone, it is already more cost
effective by 2025.

Electric Load

Another important consideration for Puerto Rico’s future power system is the electric load.

We modeled projected changes in end-use load parameters such as population size,
manufacturing employment, gross domestic product, and climate. Next, we considered load
impacts from electric vehicle adoption and energy efficiency. We found that when these load
factors are combined, the net load, or combination of projected load increases and decreases, is
likely to decline through 2050. Additionally, we include a scenario variation in which load
increases to explore a range of load uncertainty into the future. Subsequently, when distributed
generation capacity is built out, the final energy requirement that the central grid system must
meet decreases even further.

Adoption of Distributed Energy Resources

We modeled distributed energy resource adoption by considering a wide range of social,
technological, geographical, and economic predictors. Our model accounts for customer demand
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and adoption across demographic types, and for changing policies’ and costs that affect that
adoption. Our most pronounced finding is that adoption of distributed solar and storage is
projected to increase considerably in all scenarios, with around 60% of residential customers
adopting these technologies by 2050 in Scenario 1, which is a significant increase from current
deployment.

Note that this model looks at the economics of electricity rates and payback periods for
residential, commercial, and industrial customers, and their adoption is a reflection of those
economics for Scenario 1. The model does not incorporate the distribution grid modifications
needed to increase the hosting capacity of the grid to support those systems nor does it model
other external factors that might limit deployment (e.g., supply chain issues, workforce limits,
etc.). Analysis of the distribution system impacts relative to increased adoption of distributed
energy resources, as well as implications for resilience, will be conducted in Year 2.

Capacity Expansion, Production Cost, and Resource Adequacy

We conducted capacity expansion modeling to find the lowest-cost system for each scenario
while meeting load, legislative requirements like Puerto Rico’s Act 17, and scheduled plans for
resource procurement and retirement. We then checked the results of these optimizations for
adequacy of system resources to sustain unplanned outages of generators consistent with North
American Electric Reliability Corporation (NERC) standards or similar. With the current set of
assumptions and uncertainties, which will continue to be refined in Year 2, we found that
significant additional generation capacity is needed immediately—on the scale of hundreds of
megawatts—to maintain reliability standards. Indeed, even if all six tranches of PREPA’s
Renewable Energy Generation and Energy Storage Resource Procurement Plan (PREB 2022) are
successful, additional generation capacity would still be needed to meet NERC standards.

Bulk Power System Reliability and Resilience

Our resilience analyses of Puerto Rico’s future power system expansions in Year 1 focused on
simulations of hurricane-related infrastructure damage and simulation of system recovery. The
locations and capacities of new renewable generation were determined from capacity expansion
modeling described in the previous section.

Our analysis shows that the expanded scenario is more resilient and better able to restore 90% of
the system load, according to a restoration metric simulated in 100 hurricane simulations. Under
these simulations, which focused only on the bulk power system in Year 1 and will expand to the
distribution grid in Year 2, we found that the modeled future system with smaller renewable
resources spread across the bulk electric grid tends to recover power faster than the current
system, which consists of fewer and larger power plants.

In all simulations, the last loads recovered tend to be in mountainous regions and where a
hurricane makes landfall. We also simulated how advanced power inverters—which are

7 The impacts of incentives in the Inflation Reduction Act of 2022 will be considered in Year 2. See the
Uncertainties section for additional discussion.

8

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



controllable components of distributed energy resources—can aid in recovery, finding that black-
start capabilities of inverters can significantly reduce recovery time, by up to 3x.

Energy Justice

A key focus of the PR100 study is to chart possible pathways toward a renewable energy future
for Puerto Rico that are grounded in principles and practices of energy justice. We partnered with
the Hispanic Federation in Puerto Rico to involve an inclusive group of stakeholders, we adhered
to just practices for energy planning, and we performed a literature review on key principles of
energy justice. When we asked Advisory Group members about their visions for a just energy
transition for Puerto Rico, themes that emerged were:

e Energy access, affordability, reliability, and resilience
e Community participation

e Economic and workforce development

e Siting and land use

e Environmental and health effects

e Public sector implementation.

In Year 2, we will continue to conduct a social burden analysis that measures the effort an
individual expends to access critical services such as food, water, medication, and
communications either during a grid outage, as is typical after a natural disaster or other
emergency event, or normal day-to-day (blue-sky) operations. Findings from our initial analysis
indicate Puerto Rico faces inequitable access to critical services across geographic areas during
normal grid operations.

We are also performing a climate risk assessment, continuing in Year 2, to (1) evaluate the risks
faced by communities and infrastructure that are vulnerable to the impacts of climate-driven
hazards and (2) project how future climate conditions could result in or exacerbate inequities if
these risks are not accounted for during infrastructure upgrades. We developed a data set of
future climate conditions that could affect the operation of critical infrastructure. These climate
projections illustrate the potential change by mid-century using the business-as-usual scenario of
greenhouse gas emissions. Initial climate risk assessment results illustrate a temperature
increase of 1.5°-2.0°C, particularly over the coastal region and in metropolitan areas, and a
precipitation decrease of up to 20% across the entire archipelago by 2055.

In Year 2, we will leverage this downscaled climate data set to map the hazard landscape across
Puerto Rico, including projected changes in temperature, precipitation, and sea-level rise. This
hazard mapping will be used to identify and assess potential vulnerabilities to energy
infrastructure and the communities they support, particularly those located along coastal areas.

Key Considerations

In the near term, as stakeholders are actively making plans and investment decisions to improve
Puerto Rico’s energy system, including the 2024 Integrated Resource Plan, we provide the
following considerations derived from our work to date:
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Accelerated Deployment

1. Due to the building-level resilience that rooftop PV and storage provides, accelerating
deployment of rooftop PV and storage is likely to increase reliability and resilience
locally.

2. Because aggregators and virtual power plants® allow a grid operator to dispatch battery
storage to support the overall system, prioritizing the deployment of more virtual power
plants would support greater reliability and provide resilience across the system.

3. Accelerated deployment of utility-scale solar and wind energy will reduce near-term
system investment and operational costs because new utility-scale solar and wind energy
is less costly to build than to operate existing fossil-fueled capacity, given current and
projected fuel costs.

4. Deployment of solar and wind renewable energy technologies and storage has the
potential to provide or contribute to economic, resource adequacy, system stability, and
resilience benefits.

Investment Planning

5. Preliminary modeling results indicate rapid deployment of PV and storage projects
approved in Tranche 1 of PREPA’s 2019 integrated resource plan (IRP) procurement
plan (PREB 2022) would begin to address, but not completely alleviate, the immediate
need for additional capacity on the system. Additional capacity would be needed, but
deployment of these specific projects are supported by our long-term modeling.

6. Preliminary modeling results indicate the planned tranches are insufficient to reach 40%
renewable energy generation by 2025, assuming utility-scale PV or similar, so a review
of the current procurement pipeline may be warranted. Assuming a typical capacity factor
of 20% for one-axis tracking utility-scale PV (actual capacity factors will vary around
Puerto Rico), the planned tranches reach about 36% of renewable energy generation;
however, the bulk of the tranches would also need to be constructed within 3 years from
the date of this report, which would be very rapid deployment.

7. Defining tranches in units of generation (MWh) rather than capacity (MW) would
provide greater clarity in the procurement process. Capacity factors across renewable
energy technologies in the tranches vary from 20% to 90%, illustrating that capacity does
not clearly define the generation. Expressing proposals as both megawatts (MW) and
megawatt-hours (MWh) is needed but setting the goal in MWh would be more
technology agnostic.

8. Investment decisions informed by long-term system planning are critical because
modeling indicates rapid deployment now of both fossil fuel and renewable technologies
could lead to significant stranded assets if distributed generation is adopted more slowly
but eventually dominates the energy supply.

8 Networks of distributed energy resources, often owned independently, that can be accessed and dispatched by a
central entity.
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Grid Upgrades and Storage

9.

10.

11.

12.

In the near term (next 5—15 years), the transmission system can accommodate the
projected growth in renewables, but in the long term, transmission upgrades are needed to
accommodate additional utility-scale generation resources on the bulk power system,
especially for offshore wind.

Distribution feeder upgrades are needed to accommodate anticipated growth in
distributed energy production, distributed storage, and electric vehicle adoption, and to
enable increased power flow on certain lines, additional variable voltage profiles, and
more complex control schemes.

Deployment of utility-scale battery energy storage in the very near term can support bulk
power system resilience to extreme weather events, as well as day-to-day reliability, if
properly sized and fitted with black-start capability.

Improved system protection would provide better stability during severe faults. Inverter
controls, such as batteries with grid-forming inverters, could significantly improve
system reliability immediately. Continued improvements to minimum technical
requirements, particularly for grid-forming inverter requirements and black-start
capabilities for energy storage, would be beneficial.

Grid Modernization

13.

14.

15.

Implementation of real-time high-resolution grid measurement systems can facilitate
model validation and improve reliability in the current system.

Enhancing the fidelity of generator governor models can help provide critical situational
awareness and increase system stability.

High-fidelity models, such as those in electromagnetic simulations software, can help
power grid planners gain confidence in simulating scenarios with inverter-based
resources like renewables and battery energy storage systems.

Energy Justice

16.

17.

Energy justice involves prioritizing access to affordable, resilient electricity and high-
quality energy sector jobs and economic opportunities for the most vulnerable utility
customers, such as rural, remote, low-income, and people with disabilities.

An important way to work toward energy justice is by developing a process to ensure
broad and meaningful stakeholder participation in the planning, decision-making, and
implementation of the pathway to 100% renewable energy.
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Next Steps

In Year 2, we will continue to analyze the impact of the modeled scenarios on the transmission
system, including its resilience to future disruptions. We will study impacts to the distribution
system from introducing high levels of distributed energy resources to the grid, and our work
will include related considerations such as the use of microgrids for improved resilience. Results
of these analyses will be fed back to capacity expansion and production cost models to iterate
and refine investments and operational projections. Economic impact analyses will yield
potential effects on retail rates, including energy justice metrics such as energy burden, which is
the percentage of income that various income levels may pay for electricity under each scenario.

We have partnered with researchers at the University of Puerto Rico Mayagiiez. In the next year,
they will contribute to the study by (1) providing technical review and consultation on scenario
definition, energy justice and resilience metrics and analyses, and (2) conducting a survey of
existing residential PV systems to collect data and experiences. We will conduct a PR100 road
show to engage with communities throughout Puerto Rico about the study and request input on
considerations for implementers and energy justice priorities. Analysis results will be evaluated
through an energy justice lens to understand benefits and burdens to various stakeholder groups
across scenarios.
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Glossary

Term

Act 17

Capacity expansion
modeling

Capacity factor

Electric load

Electricity demand

Feasible scenario

Integrated resource
plan

Levelized cost of
electricity (or

energy)

Resilience

Definition

The Puerto Rico Energy Public Policy Act (Act 17), passed in 2019, set
a goal for the territory to transition away from imported fossil fuels and

instead meet its electricity needs with 100% renewable energy by 2050,
60% by 2040, and 40% by 2025.

“Capacity expansion modeling simulates and optimizes generation and
transmission capacity costs given assumptions about future electricity
demand, fuel prices, technology cost and performance, and policy and
regulation” (NREL n.d.).

“The ratio of the electrical energy produced by a generating unit for the
period of time considered to the electrical energy that could have been
produced at continuous full power operation during the same period”
(EIA n.d.).

An end-use device or customer that receives power from the electric
system.

“The rate at which energy is delivered to loads and scheduling points by
generation, transmission, and distribution facilities, measured in
kilowatts (kW)” (EIA n.d.).

A scenario by which Puerto Rico can reach 100% renewable energy by

2050 that is helpful to the ongoing conversation about the future and for
which economic or engineering reasons to discount the scenario are not
possible or known.

An assessment of the future electric needs and plan to meet those needs.
Assesses demand side (e.g., conservation and energy efficiency) and
supply side (e.g., generation/power plants and transmission lines)
resources in recommending how best to meet future electric energy
needs.

A measure of the average net present cost of electricity generation for a
generator over its lifetime. It is used for investment planning and to
compare different methods of electricity generation on a consistent
basis.

“The ability to anticipate, prepare for, and adapt to changing conditions
and withstand, respond to, and recover rapidly from disruptions to the
power sector through adaptable and holistic planning and technical
solutions” (Resilient Energy Platform n.d.).
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Term Definition

Resource adequacy A regulatory construct developed to ensure the power system has
enough resources to meet electric demands under all reasonably
likely conditions.

Tranche A unit of measure for a portion of the total anticipated renewables
requested to be deployed. Puerto Rico has six tranches of renewable
procurement planned, and it just issued Tranche 2.
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Appendix A. Advisory Group Members

We acknowledge the ongoing participation and valuable contributions to the PR100 study made
by members of the Puerto Rico Energy Recovery and Resilience Advisory Group, which was
convened by NREL to provide input into DOE’s portfolio of Puerto Rico energy planning and
resilience support. Members of the Advisory Group who have given us permission to publicly
acknowledge their participation are listed below, along with their affiliations:

e Adi Martinez-Roman, University of Puerto Rico Resiliency Law Center

e Adriana Gonzalez, Sierra Club, Puerto Rican Chapter

e Agustin Irizarry, University of Puerto Rico, Mayagiiez (UPR-Mayagiiez), Electrical and Computer
Engineering Department

e Alberto Carrero, Central Office for Recovery, Reconstruction and Resiliency (COR3)

e Alberto Mercado, The Nature Conservancy

e Alex Echeverria, LND Technical Services

e Alex Nassif, LUMA Energy (LUMA)

e Alfredo Martinez-Alvarez, Puerto Rico Builders Association

e Amaury Malavé-Sanabria, Puerto Rico Energy Center at Ana G. Méndez University—Gurabo

e Amber Steinman, Interstate Renewable Energy Council (IREC)

e Andrés Garcia-Martin6, Federal Emergency Management Agency (FEMA)

e Angel David Rodriguez, independent

¢ Anjuli Jain Figueroa, DOE Office of Economic Impact and Diversity (OEID)

e Anna Sommer, Energy Futures Group

e Antonio Busquets, FEMA

e Arindam Maitra, Electric Power Research Institute

e Bob Fagan, Synapse on behalf of the Puerto Rico Energy Bureau (PREB)

e C.P. Smith, Cooperativa Hidroeléctrica de la Montafia

e (Carlos Alberto Velazquez, IREC

e (Carlos R. Tejera, Puerto Rico Department of Economic Development and Commerce (DDEC)
Energy Policy Program

e (Carlos Reyes-Berrios, EcoEléctrica, LP

e Carlos Vargas-Ramos, Center for Puerto Rican Studies, Hunter College, City University of New York
(CUNY)

e (Cathy Kunkel, Cambio PR

e Cecilio Ortiz-Garcia, University of Texas Rio Grande Valley

e Christopher Fennell, Institute for Building Technology and Safety

e Cristina Algaze, College of Architects and Landscape Architects of Puerto Rico (CAAPPR)

e Crystal A. Bergemann, U.S. Department of Housing and Urban Development (HUD)

e Dan Lauf, National Governors Association

e David Walter, DOE Solar Energy Technologies Office (SETO)

e David R. Sotomayor-Ramirez, UPR-Mayagiiez

e Dulce Del Rio, Mujeres de Islas

e Earnest White, Energy Futures Group

e [Edgardo J. Contreras-Aponte, PREB

e [Edgardo Jiménez-Martir, Puerto Rico Planning Board

e Edil Sepulveda-Carlo, National Aeronautics and Space Administration
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e Eduardo Bhatia, Princeton School of Public and International Affairs; Former Puerto Rico Senator

e Edwin Acevedo, DDEC Energy Policy Program

e Federico Cintron-Moscoso, El Puente de Williamsburg

e Ferdinand Ramos, PREB

e Fernando Abrufia, CAAPPR

e Francisco Santos, Puerto Rico Electric Power Authority (PREPA)

e Gabriel Pérez, Association of Consultants and Contractors of Renewable Energy of Puerto Rico
(ACONER)

e Gerardo Cosme, Puerto Rico Independent Office of Consumer Protection (OIPC)

e Héctor Vélez, U.S. Environmental Protection Agency (EPA)

e HG Chissell, Advanced Energy Group (AEG)

e Ignacio Diaz, Glenn International, Inc.

e Ingrid Vila-Biaggi, Cambio PR

e Israel Martinez, FEMA

o [velisse M. Martinez-Sanchez, Puerto Rico Department of Housing (PRDOH)

e Jaime A. Umpierre Montalvo, PREPA

e Javier Rua-Jovet, Solar and Energy Storage Association of Puerto Rico (SESA-PR)

e Jennifer Hinojosa, Center for Puerto Rican Studies, Hunter College, CUNY

e Jennifer M. Storipan, Invest Puerto Rico

e Jesus Cintron, COR3

e Jonathan Castillo-Polanco, Hispanic Federation Puerto Rico

e Jose Julian Ramirez Ruiz, FIDECOOP

e Jose Maeso, Crowley LNG Puerto Rico

e José Villamil, Estudios Técnicos, Inc.

e Julian Bayne, Municipal Revenue Collection Center (Centro de Recaudacion de Ingresos Municipales
(CRIM))

e Kaitlyn Bunker, Rocky Mountain Institute (RMI)

e Laura Kuhl, Northeastern University, School of Public Policy and Urban Affairs

e Lillian Mateo-Santos, PREB

e Loraima Jaramillo, IREC

e Lourdes Marcano, ACONER

e Luis Negron Bonilla, DDEC Puerto Rico Industrial Company (PRIDCO)

e Manuel Carretero-Cannella, COR3

e Marcel J. Castro-Sitiriche, UPR-Mayagiiez, Electrical and Computer Engineering Department

e Marissa E. Morales-Rodriguez, DOE SETO

e Maritere Padilla, Hispanic Federation Puerto Rico

e Mark Martin, ViequesLove

e Marla Pérez-Lugo, University of Texas Rio Grande Valley

e Michael Freedberg, HUD

e  Michael Mount, LUMA

e Mike Blanford, HUD

e Muhidin (Dino) Lelic, LUMA

¢ Nathaniel Buscher, RMI

e Ninoshka G. Picart Perez, UPR Resiliency Law Center

e Obed Santos, AES Ilumina LLC
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e Paul Lutton, ViequesLove

e Pedro Vazquez, Puerto Rico Independent Office of Consumer Protection (OIPC)
e PJ Wilson, Solar and Energy Storage Association of Puerto Rico (SESA-PR)

e Ramon A. Sanchez, Energy Justice for Puerto Rico

e Sary N. Rosario-Ferreira, El Puente ELAC Puerto Rico

e Ricardo Pallens, COR3

e Ruth Santiago, Comité Dialogo Ambiental, El Puente-Latino Climate Action Network
e Santiago Grijalva, Georgia Institute of Technology

e Saul Gonzalez, ACONER

e Shirley Birriel, PRDOH

e Socorro de Lourdes Lugo, PREPA

e Sonrisa Lucero, DOE OEID

e Tomas Torres-Placa, PREPA Governing Board

e Veronica Gonzalez, Ayuda Legal Puerto Rico

e Veronika Rabl, LUMA

e Victor L. Gonzélez, Windmar Group

e Yandia Pérez, Puerto Rico Manufacturers Association
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Appendix B. Scenarios, Variations, and Combinations

Table B-1. Scenario Names and Descriptions

This table duplicate Table 1 (page 3).

Scenario Scenario Name Description Short Name (based
Number on distributed energy
resource adoption
level)
1 Economic adoption of | Distributed energy resource adoption | Economic
distributed energy is based on financial savings to
resources building owners.
2 Deployment of Installation of distributed energy Critical
distributed energy resources is prioritized beyond
resources for critical Scenario 1 for critical services like
services hospitals, fire stations, and grocery
stores.
3 Equitable deployment | Installation of distributed energy Equitable
of distributed energy resources is prioritized beyond
resources Scenario 2 for remote and low- and
moderate-income households.
4 Maximum deployment | Distributed energy resources are Maximum
of distributed energy installed on all suitable rooftops.
resources

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
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Table B-2. Sixteen Scenario Variations with Shortened Name, Available Land, and Load Cases

Scenario Scenario | Short Name Available Land Load Cases
Number Variation
1 A Economic Less Mid
1 B Economic Less Stress
1 C Economic More Mid
1 D Economic More Stress
2 A Critical Less Mid
2 B Critical Less Stress
2 C Critical More Mid
2 D Critical More Stress
3 A Equitable Less Mid
3 B Equitable Less Stress
3 C Equitable More Mid
3 D Equitable More Stress
4 A Maximum Less Mid
4 B Maximum Less Stress
4 C Maximum More Mid
4 D Maximum More Stress
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Appendix C. Assumptions and Uncertainties

The following general assumptions and uncertainties underpin the PR100 study, and they are
subject to revision in Year 2.

Assumptions

e All modeling and analysis in the PR100 study assumes compliance with Puerto Rico energy policy,
including Act 17; definitions of renewable energy in the Public Policy on Energy Diversification by
Means of Sustainable and Alternative Renewable Energy in Puerto Rico Act (Act 82 of 2010, as
amended), and the Puerto Rico Climate Change Mitigation, Adaptation, and Resilience Act (Act 33 of
2019); and the Puerto Rico Electric Power Authority’s (PREPA’s) 2019 IRP (Siemens 2019).

e We include in the modeling only generation technologies that meet the definition of renewable energy
in the aforementioned public policy. Consistent with Act 82 as amended, technologies considered in
PR100 include solar energy, wind energy, hydropower, marine and hydrokinetic renewable energy,
ocean thermal energy, and combustion of biofuel derived solely from renewable biomass. Of the
other resources listed in Act 82, we are not currently including geothermal energy, renewable biomass
combustion, or renewable biomass gas combustion.

e The retirement schedule for existing fossil fuel generation units will follow those established in the
2019 IRP. Revisions to existing retirement schedules will not be included in the models unless they
are approved early enough in Year 2 to be incorporated within the study. Sensitivities to alternative
retirement schedules can be performed. Note that PREPA has stated the planned retirements from the
2019 IRP are based on assumptions regarding renewable technology cost and electric load reductions
and that the new renewable energy generation (with compliance with minimum technical
requirements) is also assumed. Therefore, reasonable retirements might change as those assumptions
are not maintained on schedule.

e With an historical commitment of federal recovery funds and statutory renewable energy targets to
meet, several activities in Puerto Rico are happening in parallel with the PR100 study. Table C-1
summarizes these activities and how they relate to the study.

Table C-1. Federal Funding and Implementation Activities Related to PR100

Activity Description Relation to PR100

Renewable Energy
and Energy Storage
Procurement
Process

PREPA and PREB are procuring 3,750
MW of renewable energy resources and
1,500 MW of energy storage
resources—in six tranches over

3 years—toward implementation of the
2019 IRP (PREB n.d.a). PREPA is
finalizing negotiations for proposals
submitted in Tranche 1 (PREB 2022).

The project team is taking into
account and using as a
benchmark the capacity of
renewable energy being
procured as part of these six
tranches.

FEMA Hurricane
Maria Public
Assistance and
Hazard Mitigation
Investments

FEMA authorized over $9.5 billion for
Hurricane Maria recovery activities for
the electric grid. Projects approved by
FEMA to begin design and construction
activities can be found at FEMA’s
Accelerated Awards Strategy (FAASH)
website.

Projects funded by FEMA to
upgrade Puerto Rico’s electric
generation, transmission, and
distribution system will be
included in modeling as
relevant and available in time
to be included in the analysis.

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
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Activity

Description

Relation to PR100

FEMA Puerto Rico
Power System
Stabilization Task

In September 2022, after Hurricane
Fiona left 950,000 Puerto Ricans without
power, FEMA formed the Puerto Rico

Projects identified by the
Puerto Rico Power System
Stabilization Task Force to be

Housing (PRDOH):
HUD Community
Development Block
Grant Disaster
Recovery (CDBG-
DR) and Community
Development Block
Grant Mitigation
(CDBG-MIT)
Programs

and CDBG-MIT: the Energy Grid
Rehabilitation and Reconstruction (ER1)
Cost Share Program ($500 million) and
the Electrical Power Reliability and
Resilience (ER2) Program ($1.3 billion)

Force Power System Stabilization Task Force procured and deployed by the
to perform repairs needed to stabilize U.S. Army Corps of Engineers
the grid, including providing temporary will be taken into consideration.
generation to reach adequate capacities
and reserves.

Puerto Rico PRDOH is administering two relevant The objective of the ER2

Department of programs funded by HUD CDBG-DR program is to enhance

electrical power system
reliability, resilience, and
affordability through the
funding of projects that qualify
as Electrical Power System
Enhancements and
Improvements. Most ER2
Program funds are anticipated
to be used for distributed
generation and microgrid
projects. NREL is providing
technical assistance to
PRDOH to support program
planning and design.

Green Energy Trust

Puerto Rico Governor Pierluisi
announced the creation of a Green
Energy Trust to manage $400 million in
CDBG-MIT funding, including up to $30
million from PRDOH through HUD. Act
17 requires DDEC to create a Green
Energy Trust.

The objective of the trust is to
financially support projects that
provide access to green
energy to residents of low- and
moderate-income (LMI)
communities and to promote
energy efficiency among other
goals. NREL is providing
technical assistance to support
planning and design of a new
financial institution to support
Puerto Rico’s clean energy
transition.

2024 IRP Planning

LUMA is developing the next IRP for
Puerto Rico, which will include a
stakeholder engagement process to
elicit input on the plan.

LUMA and the PR100 team
are coordinating so that PR100
results inform the IRP
development process as
appropriate.

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
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Activity Description Relation to PR100

FY23 Federal The FY23 federal spending bill signed The Grid Deployment Office
Spending Bill by President Biden at the end of 2022 and NREL lead the PR100
includes $1 billion to improve the study.

resilience of Puerto Rico’s electric
system, including grants to be
administered by DOE’s Grid Deployment
Office for low- and moderate-income
households and others to deploy
distributed solar and storage (Gonzalez
2022).

Uncertainties

o This document is a report at the halfway point of a 2-year study: all findings presented here are
preliminary. Results reported in the final PR100 report, slated for December 2023, may differ
significantly from what is presented here.

e Impact modeling and analysis, including bulk power system analysis for enhanced resilience,
distribution system analysis, and economic impact analysis, will be completed in Year 2, and final
results will be provided in the final report.

e Modeling feedback loops among tasks involved, which have not yet been completed, will impact
distributed generation adoption, utility-scale deployment, and necessary transmission and distribution
upgrades, as well as downstream metrics.

e We continue to seek feedback from stakeholders and are working to refine inputs, such as current and
future costs, system sizes and necessary storage for distributed systems, value of backup power, and
geospatial constraints. Additionally, calculation of rate impacts will eventually be incorporated
iteratively with the distributed rooftop adoption modeling. These improvements to the modeling are
anticipated to accelerate rooftop PV and storage adoption as well as raise the total amount of PV and
storage adopted by 2050.

o The impacts of incentives in the Inflation Reduction Act of 2022 (U.S. Congress 2022) are not
currently represented, but they will be incorporated into the study as Puerto Rico’s eligibility across
provisions, such as the federal investment tax credit, is defined by the U.S. Department of Treasury. It
is anticipated there will be eligibility for tax credit adders (e.g., for energy communities or
disadvantaged communities) under the Inflation Reduction Act.

e In March 2022, Puerto Rico Governor Pedro Pierluisi signed Executive Order OE-2022-0022. It
mandates that any agency of the Government of Puerto Rico that works directly or indirectly in the
(1) generation, transmission, or distribution of electrical energy, (2) reconstruction and revitalization
of the electrical system, or (3) regulation and supervision of the Energy Public Policy (Act 17), to
consider hydrogen combustion as a source of renewable energy when evaluating any project.
Hydrogen technologies are not included in this Year 1 progress report, but the project team may
represent hydrogen resources in the models in Year 2.
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