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I. Report Summary
This report delivers a high-level analysis of the required non-wires alternatives, Distributed Energy
Resource (DER) integration, and coordination that will defer or eliminate the need for large
traditional centralized investments across Puerto Rico’s electric system, such as proposed 302MW natural gas combined cycle units.
The analysis demonstrates that a portfolio of Distributed Energy Resources can deliver demand
reductions at the scale needed to realize large capital deferrals, and in a manner that advances
community resilience, customer choice, and the public interest.

A. Approach
• Identify a portfolio of non-wires alternatives and distributed energy resources that can provide
the capabilities needed to defer or eliminate the need for a proposed 302-MW natural gas
combined cycle unit.
• The Puerto Rico Electric Power Authority’s Integrated Resource Plan (IRP) primarily relies on
large scale energy resources and large capital investments in transmission and distribution to
address future energy needs.
• Utilities in other regions have had great success in proactively pursuing and deploying a mix of
non-wires alternatives and distributed energy resources as a means of meeting future energy
needs reliably and cost-effectively.
• This portfolio approach allows various technologies to work in concert and complement each
other’s capabilities in a way that the entire mix delivers greater benefits than the sum of its parts.
• This analysis seeks to identify a portfolio of resources that could eliminate the need for a 302MW natural gas combined cycle or completely place it out of the IRP’s planning horizon.
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B. Report Structure
This report is organized as follows:
Section II explores the policy landscape, history, and planning environment for the deployment of
Distributed Energy Resources.
Section III presents various Distributed Energy Resource solutions and explains why each is a
good fit for Puerto Rico.
Section IV presents the results of the analysis, including expected reductions in energy demand
and the costs associated with the selection of each technology.
Section V discusses some of the foundational elements needed to support the growth of DERs in
a purposeful and methodical way.
Section VI concludes the report with additional insights and key takeaways from the analysis.
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II. Policy Landscape and Planning Environment
The year 2009 marked the first time the Weatherization Assistance Program (WAP), part of
American Recovery and Reinvestment Act (ARRA) stimulus package, was introduced in Puerto
Rico. Prior to the rollout of this effort, the island did not have a strong history administering energy
efficiency programs. The introduction of WAP led to the development of a robust infrastructure
that allowed the island to manage the roughly $65 Million that was allocated to it for this purpose.
By many measures, including customer satisfaction with the program offerings, customer referrals
to friends and family, and the resultant energy savings, the program can be considered a success.
However, once the original grant period concluded, there weren’t other funding streams readily
available to continue program activities at this level and resulted in the winding down of the effort.
The Green Energy Fund was established in 2010 by the “Puerto Rico Green Energy Incentives
Act” to promote sustainability by incentivizing the development of renewable energy projects, but
operational challenges have slowed the continued progress of the program’s mission.
The Energy Public Policy Act of 2019 has reignited a discussion on how to advance energy
efficiency and clean energy by setting ambitious targets for these sustainable solutions, including
those sited at or near the customer. The Puerto Rico Energy Bureau has initiated several dockets
that address the process and funding necessary to ensure the successful execution of the goals
of the recent energy law.
We are at the early stages of this new effort, however ensuring there is a supportive environment
for sustainable solutions to be identified, procured, and installed across communities to enhance
resilience and foster economic growth is more important now than ever.

A. Methodology
When pursuing all cost-effective energy efficiency, Distributed Energy Resources, and Non-Wires
Alternatives it’s a common practice to first perform a potential study to serve as a guide of what
resources are possible to attain within a given time frame to serve a specific need. A recent notice
from the Puerto Rico Energy Bureau 1 recognized the importance of conducting this study to aid
in program design and in establishing the alternative DER measures to pursue across various
customer classes. Given the current absence of such a potential study of these alternatives
across Puerto Rico, past experiences on DER deployment across the island were supplemented
with experiences across places including Florida and Hawaii to arrive at the portfolio of solutions
identified in the analysis conducted here.

1 In RE: Regulation for Energy Efficiency and Demand Response; Puerto Rico Energy Bureau; NEPR-MI2019-0015; September 4, 2019
http://energia.pr.gov/wp-content/uploads/2019/09/Resolution-NEPR-MI-2019-0015-2.pdf
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B. Primary References
U.S. Territories and Weatherization Assistance Program During the Recovery Act Period; Tonn
B., Rose E.; Oak Ridge National Laboratory; March 2015 https://weatherization.ornl.gov/wpcontent/uploads/pdf/WAPRecoveryActEvalFinalReports/ORNL_TM-2014_592.pdf
Puerto Rico Integrated Resource Plan 2018-2019 Appendix 4: Demand Side Resources; Siemens
– prepared for Puerto Rico Electric Power Authority; June 7, 2019
State of Hawaii Energy Efficiency Potential Study Final; EnerNOC Utility Solutions Consulting –
prepared for Hawaii Public Utilities Commission; January 15, 2014
Measured Energy and Peak Demand Reduction from High Efficiency Air Conditioner
Replacement; John A. Masiello and Matthew P. Bouchelle, Progress Energy Florida, Inc., Danny
S. Parker and John R. Sherwin, Florida Solar Energy Center

6

A Distributed Energy Resource Roadmap for Puerto Rico
Phase I Report

C. Resource Requirements
Puerto Rico’s energy planning efforts currently face several challenges that most other utilities
don’t have to grapple with, including:
•
•
•

Much of the generation fleet is slated to retire because of inefficiencies, environmental
regulations, and policy decisions;
A declining energy demand forecast that runs contrary to either the stagnant or rising
demand other regions experience;
Market forces and a focus on resilience introduce additional considerations for customers
to explore alternatives to grid power.

2

2019 Fiscal Plan for the Puerto Rico Electric Power Authority; Certified June 27, 2019 p. 35
https://aeepr.com/es-pr/Documents/Exhibit%201%20%202019%20Fiscal_Plan_for_PREPA_Certified_FOMB%20on_June_27_2019.pdf
2
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These dynamics present complexities to investment decisions regarding capital intensive
investments across the grid. Thus, for the purposes of this assessment, the alternatives will be
presented relative to the capacity of a large centralized gas plant.

3

Depending on the scenarios analyzed as part of PREPA’s Integrated Resource Plan (see table
above), there can be significant variation in the magnitude and scale of the investment in
centralized gas infrastructure each approach calls for.

3 Amicus Brief filing of Rocky Mountain Institute; September 20, 2019
https://drive.google.com/file/d/1xFY7Qa3-0XSPd9Ybv2F99szHFyobLO0N/view
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Normalized Load Shape for System Total

Source Workpaper: Load Forecast by Region PREPA 2018 IRP Base Case Revised 35 pct EE
050319.xlsm

Compared to many regions across the continental United States, the load shape across the
Puerto Rico electric grid is relatively flat throughout the day. Many regions encounter very
pronounced peaks, which as a result often dictate the energy conservation and DER solutions
that are pursued in managing peak demand. PREPA’s grid 4 as a whole peaks at night (see chart
above), staying relatively constant for a period of about five hours, before dipping and ramping up
again in the middle of the day. There is value in reducing consumption throughout the entire day
or in targeting the pronounced peaks in a manner that doesn’t create new peaks to manage.

4

IRP 2019 – Main Report REV2 06182019 wERRATA, p 2-19
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The IRP already incorporates a significant amount of energy efficiency, demand response, and
other distributed energy resources that result in lower energy consumption and demand (see
below).

The following section identifies a portfolio of Distributed Energy Resources that is incremental to
the DERs included in the IRP and can defer or eliminate the need for centralized gas infrastructure
investments.
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III.Distributed Energy Resources and Non-Wires Alternatives
Distributed Energy Resources, or DERs, can be defined as energy solutions or technologies
located close to the electric customer that can provide a service or value, including to other
customers and the electric grid as a whole. These technologies and solutions can include
“distributed generation resources, energy efficiency, energy storage, electric vehicles, and
demand response technologies” 5
Due to converging trends such as the sharp decline in costs for distributed energy solutions
including residential systems 6, increased customer interest in resilient power due to greater
reliance on electricity as part of modern society, and customer interest in making clean energy
choices, DERs have increasingly become a “go-to” option for customers, utilities, and
stakeholders looking to transition to a more efficient, and cost-effective energy system.
Though DERs are usually found closer to the customer, utilities have taken note of the potential
for these resources to assist in meeting their responsibility of providing reliable energy service, at
potentially lower cost than traditional centralized investments and with better outcomes for the
customer. When DERs are used in this manner, they are referred to as “Non-Wires Alternatives”
or “projects [that] allow utilities to defer or avoid conventional infrastructure investments by
procuring distributed energy resources (DER) that lower costs and emissions while maintaining
or improving system reliability.” 7
When utilities include DERs in the portfolio of solutions that can be used to meet future energy
needs, it creates opportunities for selecting solutions that can be less expensive and include
people and their communities in addressing future energy challenges.
Though the electric grid was originally designed with a one-way flow of electricity from the utility
to the customer in mind, a more distributed future requires that electricity be managed to
accommodate the flow of energy from customers as well. Processes and solutions are emerging
every day that allow this new paradigm to be better managed. Greater transparency, standards,
and communication between the utility, customers, energy service companies, and others can
ensure that DERs can effectively operate in concert with the grid.

Relationship between Energy Efficiency and Distributed Generation
Energy efficiency measures and distributed generation can complement each other in a manner
that increases value for individual customers and communities. Many microgrid installation
5 California’s Distributed Energy Resources Action Plan: Aligning Vision and Action; California Public
Utilities Commission September 29, 2016
https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/About_Us/Organization/Commiss
ioners/Michael_J._Picker/2016-09-26%20DER%20Action%20Plan%20FINAL3.pdf
6Tracking

the Sun – Installed Price Trends for Distributed Photovoltaic Systems in the United States; LBL;
September 2018 https://emp.lbl.gov/sites/default/files/tracking_the_sun_2018_briefing_0.pdf
7

NY REV CONNECT; NYSERDA https://nyrevconnect.com/non-wires-alternatives/
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designs located at the customer’s premise often begin by reducing energy waste through energy
efficiency, before deciding on what generation technologies to select. This not only saves money
by installing only the amount of generation that is necessary, but can ensure that critical
equipment, including refrigerators and other appliances consume less energy, and can be
powered through an outage.
The following list of measures can not only deliver energy and cost savings individually but can
result in more resilient solutions when working in concert.

A. Residential and Commercial Lighting
Lighting is often one of the most cost-effective measures that one can pursue in any region. It
also has a relatively high coincidence with the system peak, given that Puerto Rico’s peak demand
takes place at night. The IRP already included some residential and commercial lighting, but not
to the point of saturation of the measure. Given these factors and the low cost of the measure,
lighting contribution was increased by 10% in the moderate scenario but 25% in the aggressive
scenario.
Why it’s right for Puerto Rico:
Lighting is a critical service to maintain through large prolonged outages, with implications for the
safety and security of communities, including in remote areas of the island. The more efficient the
lighting measure, the more likely on-site generation can be used to power this measure through
disruptions. Throughout the year, efficient lighting measures can deliver energy demand
reductions at Levelized Cost of Energy of about $0.06 / kWh for residential offerings and at higher
rate of $0.12 / kWh for commercial installations due to higher administrative costs for the latter.
Redesigns of these programs can likely reduce these costs further to fall in line with the lower
costs realized in lighting programs across other parts of the United States.
Residential and Commercial Lighting Reductions in Moderate Scenario:
5 MWs by 2025; 15 MWs by 2038
Residential and Commercial Lighting Reductions in Aggressive Scenario:
12 MWs by 2025; 38 MWs by 2038
In its Integrated Resource Plan, PREPA’s proposed a residential and commercial lighting
programs that would engage around 150,000 participants a year. The reductions presented in
this analysis account for an incremental participation of 14,000 residential customers and 1,000
commercial customers a year, totaling an additional 300,000 participants by the end of the 20year period ending in 2038 for the moderate scenario. This participation rate is roughly doubled
in the aggressive scenario.
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B. Solar Water Heaters
In 2010, the U.S. Department of Energy’s Weatherization Assistance Program (WAP) in Puerto
Rico prioritized the installation of 1,200 solar water heaters across income-eligible residents, with
support from American Recovery and Reinvestment Act funds. In 2011, the number of
installations increased ten-fold to cover an additional 10,000 units 8.
Though the lifetime savings from these systems are relatively significant (considering the high
energy consumption of the electric water heater alternative), the capital costs of installing these
systems is high compared to other measures and can be out of reach for the average consumer.
That said, the estimated Levelized Cost of Energy for residential solar water heaters of $0.19 /
kWh 9 could still be a competitive energy option for customers, especially in a high retail rate
environment. Jurisdictions have begun to update their building codes to require solar water
heaters in new construction of single-family homes.
For the moderate scenario analyzed, only an annual install rate comparable to that of WAP in
2011 are presented. For the aggressive scenario, this install rate is essentially doubled. Given
observations from the WAP administration on demand and eligibility among customers, the
installation of these resources will likely continue to be a desired measure over the planning
horizon.
Why it’s right for Puerto Rico:
In the aftermath of Hurricanes Irma and Maria, Federal Emergency Management Agency (FEMA)
assessed 10 the performance of various structures and facilities across Puerto Rico. FEMA
observed an “excellent” performance from solar water heaters anchored to roof systems, in part
due to the strong frame required to support the water tanks that increased their resistance to
strong winds. These systems are well suited to the concrete homes found on the island.
Solar Water Heater Reductions in Moderate Scenario:
18 MWs by 2025; 52 MWs by 2038
Solar Water Heater Reductions in Aggressive Scenario:
36 MWs by 2025; 104 MWs by 2038
U.S. Territories and Weatherization Assistance Program During the Recovery Act Period; Tonn B., Rose
E.; Oak Ridge National Laboratory; March 2015
8

State of Hawaii Energy Efficiency Potential Study Final; EnerNOC Utility Solutions Consulting; January
15, 2014 https://puc.hawaii.gov/wp-content/uploads/2013/04/State_of_HI_Potential_Study_Final.pdf
9

Hurricanes Irma and Maria in Puerto Rico - Building Performance, Observations Recommendations,
and Technical Guidance - Mitigation Assessment Team Report; FEMA; October 2018
https://www.fema.gov/media-library-data/15511039592548696c36e064ea9540499dfe85cbb7ef3/FINALFEMAPRMATP-2020-022219.pdf
10
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The reductions presented here represent solar water heater installations at around 7,000 units
per year or around 130,000 units by the end of the 20-year period ending in 2038 in the moderate
scenario. These total installations are essentially doubled in the aggressive scenario to about
260,000 installations by the end of the 20-year period. These projections are in line with rates
observed for this measure through the Weatherization Assistance Program.

C. Refrigerator Replacements
This measure focuses on the replacement of inefficient refrigerators with newer units that meet
current and more stringent standards. Refrigerators generally have a long life, but even older
units that are technically still functional lose efficiency over time. Some refrigerators can predate
modern efficiency standards and can consume very large amounts of electricity. With careful
selection of the participant population, savings from the replacement of these refrigerators have
been routinely been observed at “well over 1,000 kWh / year” 11 .
Why it’s right for Puerto Rico:
WAP administrators identified the installation of Energy-Star rated refrigerators to be a key
measure for efficiency, at one point installing around 50 units per day. 12 Efficient refrigerators can
more likely be powered through a large power disruption with on-site distributed generation and
energy storage than those that produce a large amount of waste. Aside from having a large
population of likely program participants, the low Levelized Cost of Energy for this measure of
about $0.08 / kWh makes this an attractive customer solution.
Refrigerator Replacement Reductions in Moderate and Aggressive Scenarios:
12 MWs by 2025; 35 MWs by 2038
These reductions represent refrigerator replacements at the rate of about 20,000 per year. This
would total roughly 400,000 replacements by the end of the 20-year period ending in 2038 and
reflects a rate of installation observed previously through the Weatherization Assistance Program.

D. Air Conditioners
Window Air Conditioners were included as a measure in the IRP, though the program does not
include a dedicated offering for wall-mounted units. WAP experience indicates this is a significant

11Refrigerator

Replacements for the Weatherization Program; Moore A. - D&R International, Ltd., Kinney
L. - E Source / Platts / McGraw Hill
https://aceee.org/files/proceedings/2002/data/papers/SS02_Panel2_Paper16.pdf
12

U.S. Territories and Weatherization Assistance Program During the Recovery Act Period; Tonn B.,
Rose E.; Oak Ridge National Laboratory; March 2015 https://weatherization.ornl.gov/wpcontent/uploads/pdf/WAPRecoveryActEvalFinalReports/ORNL_TM-2014_592.pdf
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portion of the residential cooling segment. As a conservative assumption, the AC measures
included in the IRP were increased by 10%.
Why it’s right for Puerto Rico:
Air conditioning use in Puerto Rico is estimated to make up 24% 13 of all energy use for residential
customers. Replacing inefficient cooling systems with Energy Star rated appliances could result
in annual energy savings of 500 kWh per unit / per year and can be delivered at a relatively low
Levelized Cost of Energy of about $0.07 / kWh.
Air Conditioner Reductions in Moderate and Aggressive Scenarios:
4 MWs by 2025; 11 MWs by 2038
In its Integrated Resource Plan, PREPA’s proposed a residential air conditioner program that
would install a little over 100,000 units a year. The reductions presented in this analysis account
for an incremental replacement of 10,000 air conditioner units per year, totaling an additional
200,000 units by the end of the 20-year period ending in 2038.

E. Solar PV and Energy Storage
The IRP included large capacity installations of utility-scale solar photovoltaics and energy
storage to varying degrees across planning scenarios - with a recognition for the anticipated
growth of distributed generation also included in the energy and demand forecast. However,
residential and commercial energy storage was not included in the IRP assumptions.
Distributed Energy Storage can provide significant value to the grid, by shifting the solar energy
generated during relatively low demand periods and when production is high in a similar manner
as is projected at the utility scale. The island’s peak occurs at night and remains relatively constant
for about 5 hours. This presents an ideal opportunity and application for distributed energy
storage to dispatch the energy it can store from solar systems off-peak to this peak period.
The analysis examined deployment levels of energy storage needed to shift a percentage of the
energy from the projected distributed PV systems to realize demand reductions across the 5-hour
peak period. The resultant energy reductions are presented for a moderate scenario, where 57% of the distributed solar PV systems have energy storage and can shift energy generated to
the peak and a more aggressive scenario where 8-10 % is shifted over the peak period.
The annualized costs for distributed energy storage were obtained from documents submitted as
part PREPA’s IRP filing, at a projected $164 / kW.
Why it’s right for Puerto Rico:
Communities in Puerto Rico have pursued distributed Solar PV, alongside energy storage as a
means of enhancing energy resilience. Energy storage allows the power produced from solar
systems to be dispatched when its needed on-site. Most current configurations disconnect solar
13 U.S. Territories and Weatherization Assistance Program During the Recovery Act Period; Tonn B.,
Rose E.; Oak Ridge National Laboratory; March 2015 https://weatherization.ornl.gov/wpcontent/uploads/pdf/WAPRecoveryActEvalFinalReports/ORNL_TM-2014_592.pdf
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generation from demand when an outage occurs. The combined offering could additionally help
in managing distribution dynamic conditions that can arise from the two-way flow of power
resulting from higher deployment of distributed generation.
Residential and Commercial Storage Reductions in Moderate Scenario:
10 MWs by 2025; 25 MWs by 2038
Residential and Commercial Storage Reductions in Aggressive Scenario:
16 MWs by 2025; 37 MWs by 2038
These reductions represent distributed solar PV and energy storage system installations totaling
around 6,000 in the moderate scenario and about 9,000 systems in the aggressive scenario by
2038. The required number of systems to meet these peak demand reductions can vary
depending on the size of the energy storage systems, dispatch capabilities etc. It is assumed that
stored energy from these systems would be available to be dispatched during the required hours
of the system peak.

F. Commercial Demand Response
Only some small commercial DER was included in the IRP, resulting in a total of about 7 MWs of
demand response for this segment by 2038. In contrast, the residential demand response
projected in the IRP by the year 2038 was 75 MWs, more than 10 times that of the commercial
sector. In most regions, commercial demand response far eclipses the contributions of the
residential sector given the demand controls and other options available to the large commercial
market. As a conservative assumption, the commercial demand response contribution was
assumed to be in the order of that presented in the IRP for the residential sector, accounting for
the coincidence of the commercial sector with the system peak for both the moderate and
aggressive scenarios.
Why it’s right for Puerto Rico:
This measure is relatively untapped in Puerto Rico and can be deployed in a targeted manner
across large commercial sites. There’s a lower volume of customers to market these demand
response programs to relative to the residential market, which can result in higher engagement
and faster realization of demand reductions across the planning horizon.
The estimated levelized cost for these demand reductions is $ 70 / kW.
Commercial Demand Response Reductions in Moderate and Aggressive Scenario:
50 MWs by 2025; 72 MWs by 2038

G. Conservation Voltage Reduction
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Integrated Volt / VAR Control (IVVC) involves the management of various electric distribution
system assets and advanced control technologies to ''right-size" the voltage delivered to end-use
electric customers. Conservation Voltage Reduction (CVR) is a specialized application of IVVC,
and can reduce overall voltage levels, while ensuring these voltages remain within acceptable
standards for electric distribution. Reductions in distribution system voltage have been
demonstrated to result in reductions in energy consumption across the electric circuits on which
this practice is applied.
Electric customers across circuits with active IVVC management and lower voltage levels typically
consume less energy without needing to make changes to their individual consumption behavior.
Investments in IVVC technology and grid modernization can result not only in energy reductions,
but also may provide additional visibility and operational flexibility in responding to a variety of
dynamic system conditions.
For instance, Duke Energy Progress (DEP) in North Carolina implemented 14 a Conservation
Voltage Reduction program specifically deployed during peak demand times to defer the
construction of a new Combustion Turbine (CT) plant. This specialized use of modernization
technologies most resembled a Demand Response program, in that it was primarily deployed
during system peaks and emergencies. It had a target of achieving 310 MW of peak reductions.
The North Carolina Utility Commission, which regulates DEP, classified this solution as an Energy
Efficiency program and allowed expenditures to be recovered through a rider. The peak demand
reduction goals for the program were exceeded, reaching 322 MW of reductions. These
reductions alone nearly matched the generation capabilities of Duke Energy’s Asheville Plant
Units 3 & 4, which have a combined production of 324 MW at peak.
Conservation Voltage Reduction can typically deliver reductions in the range of 2.5% - 3.0% 15,
across the circuits that it is applied (see Figure 1 and Figure 2). This means that if a series of
circuits where CVR is applied have 100 MW of demand, a 3% reduction performance from CVR
solutions will result in a net demand of 97 MW across the circuits instead, all while maintaining
adequate electric service. These reductions are observed on the customer side of the meter,
which means that in addition to the energy avoided, delivery losses are also reduced as with other
energy efficiency measures.
Why it’s right for Puerto Rico:
Figure 1 and Figure 2 show a drop over time in the amount of peak demand reductions coming
from CVR across the IRP planning horizon. Since CVR operates by reducing a percentage of the
total load across the circuits on which it is applied, as PREPA’s load forecasts continue to
decrease the closer one gets to the end of the plan at 2038, the reductions from CVR also
decrease.
2018 Smart Grid Technology Plans of Duke Energy Carolina, LLC and Duke Energy Progress, LLC and
Duke Energy Progress, LLC; NCUC Docket No. E-100, Sub 157 p.47
https://starw1.ncuc.net/NCUC/ViewFile.aspx?Id=637b938c-008b-4b25-bc20-b50d9d9f5034
14

15 Conservation Voltage Reduction; Paladino J.; Office of Electricity Delivery & Energy Reliability ;
October 13, 2015 https://www.smartgridclimatechange.org/wp-content/uploads/2013/10/Joe-PaladinoDOE.pdf
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However, one additional significant benefit of deploying CVR in the earlier years, is that if energy
efficiency and distributed energy resources underperform resulting in higher net demands, CVR
will automatically overperform and make up some of the progress.
Another benefit is that these solutions can be installed quickly over a few years - increasing the
efficiency of the electric grid in Puerto Rico and reducing how much energy customers consume
without requiring any action on their part.
The estimated Levelized Cost of Energy for Conservation Voltage Reduction was $0.03 / kWh.
Some CVR providers have estimated the Levelized Cost of Energy for Conservation Voltage
Reduction as low as $0.01 / kWh.
Conservation Voltage Reductions in Moderate Scenario:
45 MWs by 2025; 26 MWs by 2038
Conservation Voltage Reductions in Aggressive Scenario:
54 MWs by 2025; 31 MWs by 2038

Figure 1 – Peak Demand Reductions from CVR for the High, Low, and Reference load forecasts
of PREPA’s 2019 IRP, assuming an average performance from the CVR solutions.
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Figure 2 – Peak Demand Reductions from CVR for the High, Low, and Reference load forecasts
PREPA’s 2019 IRP, assuming a high-end performance from the CVR solutions.
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IV.

Analysis Results and Levelized Cost of Energy

A. Results
Conservation Voltage Reduction, solar water heaters, refrigerator replacements, and to a slightly
lesser extent, window AC replacements and lighting, have relatively uniform demand reduction
throughout the day. Commercial Demand Response and energy storage act as more
dispatchable resources during system peaks and complement the solar generation available
during the day but not found during the five or so hours at night when the system peaks. Solar
PV is not presented in the peak demand reductions across these scenarios but serve a critical
role in ensuring the energy storage resources needed at night are charged and available to meet
system peaks.

Utilities that pursue these kinds of resource portfolios are beginning to develop tools that help
orchestrate the contribution of Distributed Energy Resources throughout the day. For example,
Con Edison built a “Distributed Energy Resource Evaluation” tool “using both internal and
external expertise, to evaluate on a comparable basis a diverse range of DER while accounting
for duration of availability (e.g., four hour battery, eight-plus-hour energy efficiency, two-hour
demand response), risk, maturity, flexibility, and ability to otherwise meet the needs” in a target
area. 16 This would help incorporate additional analytics to optimize the selection and operation
of DERs in a given portfolio.

16 BQDM Quarterly Expenditures& Program Report Q2-2019; Consolidated Edison Company of New
York, Inc.; August 2019
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Figure 3 – System-wide Peak Demand Reductions from a moderate deployment of measures using information from the 2019

PREPA IRP Reference load forecast. Projections are based on anticipated operational performance and do not reflect a maximum
potential for the individual measures.

22

Figure 4 - System-wide Peak Demand Reductions from a more aggressive deployment of measures using information from the 2019
PREPA IRP Reference load forecast. Projections are based on anticipated operational performance and do not reflect a maximum
potential for the individual measures.
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B. Levelized Cost of Energy
A comparison of the Levelized Cost of Energy for the Distributed Energy Resource and NonWires alternatives for the measures discussed is presented in the table below. These measures
deliver year-round energy savings, which when compared to their associated costs over the life
of each measure, arrive at a Levelized Cost of Energy in $ / kWh. Other measures including
energy storage and demand response are instead dispatched over specific hours. Thus, the
costs for these measures are reflected in $ / kW to reflect the value over specific hours. It
should be noted that when these energy conservation measures are implemented, customer
don’t just save on energy – they also save on transmission, distribution, and associated
technical losses because the energy saved doesn’t have to go through the electric grid. Thus,
these DER costs should be compared to the retail rate versus just the cost of generation.

Figure 5 – Measure Levelized Cost of Energy.
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V. Foundations for Growth in DERs and NWAs
In its Integrated Resource Plan, PREPA indicated it would need to invest in “changes to the
transmission and distribution system to support the incorporation of rooftop PV and the
recommended energy efficiency and demand response programs.” 17 Though PREPA estimated
nearly $1B in distribution investments to accommodate DERs across the first seven years of the
IRP alone, the company also recognized the limitations of the high-level analysis behind these
estimates.
PREPA noted that this analysis “can only be used for screening purposes and it is not a substitute
for the necessary detailed system studies that must consider the feeder topology, assets in
service, and location of the load and PV systems. This future detailed analysis, which is beyond
the scope of this evaluation, must include an evaluation of the expected performance of
equipment; refinement of the definition of the necessary improvements, capital expenditures, and
timing to implement the projects.”
In order to establish a supportive environment where DERs and NWAs can grow and thrive, the
following capabilities should be developed through a collaboration with PREPA and its many
stakeholders.

A. Hosting Capacity Analysis
Hosting capacity analyses allow utilities to develop a better sense of the amount of distributed
energy resources that may be integrated at the local feeder level, with current system assets and
without impacting power quality or reliability. When this hosting information is shared through
maps and other accessible tools, customers and other stakeholders can make more informed
decisions with regards to siting and project design. As hosting capacity analyses are further
informed by feeder level DER forecasts and modeling, utilities and its stakeholders can identify
where future system upgrades may be required in order to support DER growth. Data access and
presentation to customers is key to following through and ensuring the utility meets changing
customer demands.

B. Streamlined Interconnection Process
Regions without a standardized interconnection process may lack clarity in terms technical
requirements for systems looking to connect, costs and fees for customers and third-party energy
companies, as well as the expected timelines for when the projects are to hit certain milestones
and completion.

17

IRP 2019 – Main Report REV2 06182019 wERRATA, p 9-1
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This can create unnecessary friction and create barriers for the installation of these projects.
Standards help create a uniform set of expectations and experiences for the customer and third
parties as a result of thoughtful consideration.

C. Non-Wires Alternatives Solicitations
Non-wire alternative solicitations initiated by utilities allow stakeholders to propose solutions that
could defer or avoid costly infrastructure investments otherwise required to meet a clearly defined
system need. Through these competitive solicitations, utilities communicate the requirements of
the system needs to be addressed including the location, magnitude of the load relief needed,
and the required in-service date for the proposed solution. Communities, customers and
stakeholders working alongside the utility, can expand the solution set of investments available
for meeting system needs to include cost-effective DERs—resulting in significant savings for all
customers in the form of avoided infrastructure investments.
In addition, studies such as the aforementioned “Distributed Energy Resource Evaluation” should
be conducted in order to identify how energy efficiency, demand response, energy storage, and
other forms of DER can work in concert to meet system needs beyond capacity. NWA projects in
some regions have incentivized utilities 18 to increase the diversity of DER that participate through
these solicitations to achieve local public policy goals.

D. Potential Funding Sources
Utility Planning Budgets
Successful NWA solutions allow utilities to select a less costly or a more beneficial societal
solution than historically would have been the case through system planning. Utility budgets that
would have ordinarily been assigned to a traditional utility solution could instead be used to fund
NWAs, potentially at a lower cost, closer to the customer, and with greater overall benefits.
Additionally, as DER and NWA design and interconnection process becomes standardized, local
lenders and green banks may develop a better sense of risks and opportunities involved in
financing these projects – potentially bringing down financing costs for the customer.

Renewable Energy Certificates
Renewable Energy Certificates (RECs) function as a form of incentive and are created whenever
one MWh of renewable energy is generated in certain regions. The price for these RECs (the
effective incentive) is determined based on the demand for these certificates at a specific point in
time. Select entities are required to obtain a certain number of RECs, thus creating a demand for
18 Order Establishing Brooklyn / Queens Demand Management Program; State of New York Public
Service Commission; December 11, 2014 Case 14-E-0302
http://documents.dps.ny.gov/public/MatterManagement/CaseMaster.aspx?MatterSeq=45800

25

A Distributed Energy Resource Roadmap for Puerto Rico
Phase I Report
these RECs. Rather than being offered a fixed incentive, renewable energy resources receive
payments based on the demand for RECs.

Federal Assistance
In addition to the Weatherization Assistance Program discussed, it may be possible to coordinate
with local agencies on the use of Federal funding sources, including the Hazard Mitigation Grant
Program funds to support the deployment of beneficial DER solutions. Though this report has
primarily focused on the ability of DERs to defer capital investments, DERs can also offer services
that enhance community resilience 19 and the lower the risk to loss of life prioritized by these
Federal grants.

VI.

Conclusion

There is great potential in pursuing a DER resource portfolio that includes some of the most
promising and cost-effective measures suitable for the Puerto Rico energy system. Through a
combination of assessing past experiences of pursuing these measures on the island and
identifying incremental opportunities that remain untapped beyond those identified in the
Integrated Resource Plan, a moderate and aggressive scenario for a higher level of DER
resources was developed across a 20-year planning horizon.
Additional analysis of transmission constraints and distribution system interactions may indicate
whether a specific plant can be deferred or eliminated based on the location and magnitude of
the DERs in the resource portfolio. As discussed, DERs and NWAs have been demonstrated to
realize demand reductions at scales large enough to defer capital investments in centralized
resources across other jurisdictions. However, a conducting a study on the potential of each
measure, considering the Puerto Rico planning environment, could provide additional information
on how much can be deployed and when. Similarly, an NWA solicitation may yield an actual
market response that can provide this information.
The moderate scenario identified peak demand reductions of 144 MW by 2025 and 236 MW by
2038, while the more aggressive scenario identified 184 MW of reductions by 2025 and 328 MWs
by 2038. 2025 is a key year in the IRP in that, depending on the planning assumptions scenario
of the study, one or more large centralized plant is scheduled to come on-line. Depending on the
location and other power system dynamics, the reductions provided by a portfolio of distributed
resources deployed before a plant investment is made may eliminate the project from the planning
horizon.

19 Alternative Energy Generation Opportunities in Critical Infrastructure; NREL; E. Hotchkiss, I. Metzger,
J. Salasovich, and P. Schwabe; November 2013 https://www.nrel.gov/docs/fy14osti/60631.pdf

26

A Distributed Energy Resource Roadmap for Puerto Rico
Phase I Report

About the Author
Ronny Sandoval
Ronny Sandoval is President of ROS Energy Strategies, a consultancy focused on advancing
the modernization and transformation of the electric system. He has testified as an expert
witness across several states on issues regarding system planning, grid modernization, and
energy efficiency. He has over ten years of management experience in the utility business,
including areas of transmission and distribution system planning and demand side
management as well as forecasting the long-range impacts of energy efficiency programs for
revenue and system planning. He currently sits on multiple boards of non-profit organizations
that champion the transformation of the electric grid, workforce development, and customer
empowerment.

27

