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Executive Summary 
The size and scale of the challenge facing Puerto Rico’s electric utility, the Puerto Rican Electric Power 

Authority (PREPA), is difficult to overstate. The destructive force of Hurricanes Irma and Maria in 

September 2017 left thousands of people dead and caused extensive damage to all kinds of infrastructure, 

including roads, bridges, buildings and the electric grid—approximately 80 percent of the island’s power 

lines were downed in the hurricanes. In the aftermath of the hurricanes, nearly the entire territory was left 

without power in the largest blackout in U.S. history, creating an immediate need for extensive re-building 

of the electric grid in order to restore power to the 1.5 million homes and businesses that lost it. The 

potential to build a better electric system creates a valuable opportunity for Puerto Rico to minimize future 

damages from stronger storms.  

Puerto Rico need not, however, “reinvent the wheel” as it rebuilds and improves its grid. Hawaii and 

Puerto Rico are the largest U.S. island groups in population, area and energy consumption and share 

similar tropical climates, as well as similar emissions and energy policy goals. Hawaii recently undertook a 

dramatic overhaul of its own electric system and its most recent Integrated Resource Plan (IRP) plans for 

even more drastic changes to come; Hawaii’s experience offers essential lessons for Puerto Rico as it 

moves forward. Hawaii has already confronted many of the same issues facing Puerto Rico today—such as 

the need to enhance the flexibility, reliability and resiliency of the electric grid—and has had laudable 

success in addressing these issues. This Applied Economics Clinic report compares PREPA’s most recent 

version of its Integrated Resource Plan (IRP), released in June 2019, to best practices distilled from the 

most recent Hawaiian electric sector planning process, which was finalized in 2016 (Table ES-1). 

Table ES-1. Best practices for utility resource planning from Hawaii 
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The current state of Puerto Rico’s electric grid 

Currently, Puerto Rico’s electric grid is dominated by large coal, gas and oil-fired generators that serve the 

entire island. In 2018, less than 1.5 percent of the island’s electric generation came from renewable 

resources, although Puerto Rican law mandates that renewable energy must account for 20 percent of all 

generation by 2022 and completely replace fossil fuels by 2050. PREPA’s June IRP includes 1,800 MW of 

planned solar capacity additions (equal to 29 percent of 2018 total installed electric capacity) as well as 

plans for 2,222 MW of new and converted gas-fired capacity (36 percent of 2018 capacity) and three new 

liquefied natural gas (LNG) import facilities, all by the end of 2025. PREPA’s June IRP also plans for an 

extensive shift to flexible, distributed generation resources in the form of eight connected regional 

“minigrids” across the island that are connected to each other but can also operate self-sufficiently.  

Hawaii’s electric resource planning sets the bar 

Puerto Rico needs to re-build its electric grid for flexibility, reliability and resiliency. Our review of the 

Hawaiian experience highlights three important focus areas to accomplish these goals: renewable energy, 

distributed energy resources and an elimination of gas imports. This report offers several best practices for 

each of these focus areas, gleaned from the most recent Hawaiian IRP and the Hawaiian utility 

commission’s feedback during the IRP development process. Hawaii’s recent planning process 

demonstrates the importance of: 

• Shifting from centralized, fossil fuel power plants to more widely distributed renewable 

generation,  

• Allowing all resources (including both electric supply and customer demand resources) to complete 

on equal footing, and  

• Fully accounting for potential risks and benefits of various resource options. 

Paying due consideration to these lessons from Hawaii has the potential to improve Puerto Rico’s resource 

planning practices, ensure that PREPA can comply with Puerto Rico’s climate laws, and provide customers 

with the lowest possible electric rates.  

PREPA’s June IRP falls short in its compliance with Puerto Rican renewables requirements and the degree 

to which it allows renewables to compete on equal footing with fossil fuels. As a consequence of these 

shortcomings, PREPA’s June IRP proposes to substantially increase the island’s investment in gas-fired 

generation and gas import facilities. A policy of continued investment in gas infrastructure fails to 

adequately account for the important financial risks posed to both PREPA and to all Puerto Rican residents 

of the island’s strict climate law, the potential for stranded assets, or the cost volatility of fossil fuel 

imports. Given the island’s recent history with centralized generation resources during an extreme weather 

event like a hurricane, it is particularly important that PREPA’s resource planning prioritize critical grid 

benefits like reliability and resiliency. Finally, while PREPA’s June IRP includes ambitious plans to develop 

distributed energy resources, these proposals need to be fleshed out with additional detail regarding the 

amount and type of planned capacity. 
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1. Introduction 

As Puerto Rico works to develop its first island-wide integrated resource plan (IRP) since the severe 

damage to the electric grid caused by Hurricanes Irma and Maria, there are lessons to learn from resource 

planning in places that share similar constraints and opportunities in their energy systems. This Applied 

Economics Clinic report compares the most recent IRP from Puerto Rico’s electric utility to best practices 

distilled from the most recent Hawaiian IRP, which was finalized in 2016.  

Important parallels exist between the Hawaiian and Puerto Rican energy sectors (see  

Table 1 below):  

• Small population (Hawaii has the 11th smallest population and Puerto Rico’s is a little smaller than 

Iowa, the state with the 20th smallest population), 

• Substantial fossil fuel dependence (fossil fuels accounted for 83 percent of Hawaii’s 2018 total 

generation and 98 percent of Puerto Rico’s 2018 total generation), 

• Both Hawaii and Puerto Rico use less coal for electric generation (13 and 15 percent, respectively) 

than the United States does as a whole (27 percent);  

• Puerto Rico uses similar amounts of gas for electric generation (38 percent) as the United States as 

a whole (35 percent), while Hawaii uses much less (< 1 percent); 

• Both Hawaii and Puerto Rico use much more oil for electric generation (70 and 45 percent, 

respectively) compared to the United States as a whole (<1 percent);  

• High electric rates (residents in Hawaii and Puerto Rico pay at least 170 percent more than the 

average U.S. electric customer),  

• Modest electric demand (taken together, Hawaii and Puerto Rico’s annual electric generation 

accounts for less than 1 percent of the U.S. total),  

• High potential for solar generation,1 and 

• High vulnerability of coastal infrastructure to large ocean storms and sea level rise.2 

Both Hawaii and Puerto Rico have a 100 percent renewable energy target by mid-century (2045 and 2050, 

respectively) and both operate electric grid systems without any interconnection to a neighboring system.  

                                                

1 Solargis. 2019. Solar resource maps of USA and Puerto Rico. Available at: https://solargis.com/maps-and-gis-
data/download/usa and https://solargis.com/maps-and-gis-data/download/puerto-rico.  

2 U.S. Department of Energy. 2015. Hawaii and Puerto Rico: Climate Change and the U.S. Energy Sector: Regional 
vulnerabilities and resilience solutions. Available at: 
https://www.energy.gov/sites/prod/files/2015/10/f27/Hawaii_and_Puerto_Rico.pdf.  

http://www.aeclinic.org/
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Table 1. Snapshot of Hawaii and Puerto Rico energy systems, with share of total U.S. value 

 
Note: Latest available data years are inconsistent across variables. Population is from 2017. GDP is from 2015. Electric rates are 

from 2019. Installed capacity, total generation and generation shares are from 2018. 

Sources: (1) U.S. EIA. 2018. Hawaii State Energy Profile. EIA. Available at: https://www.eia.gov/state/print.php?sid=HI. (2) U.S. EIA. 

2018. Puerto Rico Territory Energy Profile. EIA. Available at: https://www.eia.gov/state/print.php?sid=RQ. (3) U.S. Census Bureau. 

QuickFacts: Puerto Rico, Hawaii and United States. Available at: https://www.census.gov/quickfacts/fact/table/PR/PST045218, 

https://www.census.gov/quickfacts/fact/table/HI/IPE120218#IPE120218, and 

https://www.census.gov/quickfacts/fact/table/US/SEX255218. (4) U.S. EIA. 2018 Form EIA-860 Data - Schedule 3, 'Generator Data' 

(Operable Units Only. Available at: https://www.eia.gov/electricity/data/eia860/. (5) U.S. EIA. EIA-923 Monthly Generation and 

Fuel Consumption Time Series File, 2018 Data Early Release. Available at: https://www.eia.gov/electricity/data/eia923/. (6) PREPA. 

June 7, 2019. Puerto Rico IRP 2018-2019. Siemens PTI Report Number: RPT-015-19. Exhibit 4-1.  

There are also important differences between the two jurisdictions: Puerto Rico is much more dependent 

on fossil fuels for electric generation than Hawaii, particularly on gas; Hawaii is more dependent on oil for 

electric generation than Puerto Rico; Hawaiians pay higher electric rates than Puerto Ricans; and Puerto 

Rico serves a population that has a much higher incidence of poverty and is more than twice as large as 

that of Hawaii.  

In 2014, the Hawaiian utilities—The Hawaiian Electric Company, Inc., Hawaii Electric Light Company, Inc. 

and Maui Electric Company, Ltd.—released their Power Supply Improvement Plans (PSIPs). The Hawaiian 

Public Utilities Commission (HPUC) and other stakeholders then worked with the Hawaiian utilities to 

further develop these PSIPs to accelerate the achievement of Hawaii’s 100 percent Renewable Portfolio 

Standard (RPS), required by 2045.3 The Hawaiian utilities released a final joint PSIP in 2016 that includes an 

                                                
3 The Hawaiian Electric Companies. 2016. The Hawaiian Electric Companies’ 2016 Power Supply Improvement Plan 
(PSIP) Update. Executive Summary. p. ES-1. Available at: https://www.hawaiianelectric.com/clean-energy-
hawaii/integrated-grid-planning/power-supply-improvement-plan. 

http://www.aeclinic.org/
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action plan for the 2017 to 2021 period. The development of the Hawaiian utilities’ final PSIP included 

feedback from multiple stakeholders, including the Hawaiian utility commission. The 2016 Hawaiian PSIP is 

widely considered to be among the leading integrated resource plans in the nation in developing local, 

renewable energy and resilient, technologically advanced electric grids.4 

The recent history of Puerto Rico’s electric utility, the Puerto Rican Electric Power Authority (PREPA), has 

been troubled: the island suffered massive damage from Hurricanes Irma and Maria in September 2017, 

leaving nearly the entire territory without power and creating the need for extensive re-building of the 

electric grid.5 Even before the hurricanes, PREPA was in dire financial straits, and had filed for bankruptcy 

in July 2017.6 Following Irma and Maria, Puerto Rico has embarked on a process to both privatize PREPA 

and rebuild the electric grid to “create a consumer focused, efficient, resilient, and environmentally 

friendly grid system that delivers affordable electricity to the people of Puerto Rico,” according to José F. 

Ortiz Vázquez, the Executive Director and Chief Executive Officer of PREPA.7 The rebuilding of the island’s 

electric system has been fraught, however, as large numbers of Puerto Ricans have dealt with extensive 

hurricane damage and long-term electric outages and PREPA has found itself embroiled in multiple 

scandals—accusations of taking kickbacks, making corrupt deals8 and questionable oil payments.9 There 

has also been internal upheaval at PREPA: the company has cycled through multiple Chief Executive 

Officers since the hurricane.10 

In February 2019, PREPA released its latest IRP. In March 2019, Puerto Rico’s Energy Bureau rejected 

PREPA’s filing, and instructed the utility to address various deficiencies identified by the Bureau, such as 

inadequate renewable buildout, a deficient consideration of distributed generation, and an overreliance on 

                                                
4 See, for example: Center for the New Energy Economy. 2018. State Brief: Hawaii. Available at: 
http://cnee.colostate.edu/wp-content/uploads/2018/09/State-Brief_HI.pdf and Magill, B. February 19, 2019. Hawaii 
‘Postcard From the Future’ for Renewables. Bloomberg Environment. Available at: 
https://news.bloombergenvironment.com/environment-and-energy/hawaii-postcard-from-the-future-for-
renewables. 
5 Becker, R. September 25, 2017. “After Hurricane Maria, what will it take to turn Puerto Rico's power back on?” The 
Verge. Available at: https://www.theverge.com/2017/9/25/16362410/hurricane-maria-puerto-rico-power-outages-
electrical-grid-destroyed. 
6 Volpe, M. April 15, 2019. “The Complicated Evolution of PREPA.” Al Día News. Available at: 
https://aldianews.com/articles/culture/complicated-evolution-prepa/55417. 
7 Ibid. 
8 Alarcón, D. August 23, 2018. “What Happened in the Dark: Puerto Rico's Year of Fighting for Power”. Wired. 
Available at: https://www.wired.com/story/puerto-rico-hurricane-maria-recovery/. 
9 Sanzillo, T. and Kunkel, C. July 2018. Multibillion-Dollar Oil Scandal Goes Unaddressed in PREPA Contract Reform and 
Privatization. Institute for Energy Economics and Financial Analysis. Available at: http://ieefa.org/wp-
content/uploads/2018/07/Multibillion-Dollar-Oil-Scandal-Goes-Unaddressed-in-PREPA-Contract-Reform-and-
Privatization-_July-2018.pdf. 
10 Sullivan, E. August 15, 2018. “Nearly A Year After Maria, Puerto Rico Officials Claim Power Is Totally Restored.” NPR. 
Available at: https://www.npr.org/2018/08/15/638739819/nearly-a-year-after-maria-puerto-rico-officials-claim-
power-totally-restored. 

http://www.aeclinic.org/
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http://ieefa.org/wp-content/uploads/2018/07/Multibillion-Dollar-Oil-Scandal-Goes-Unaddressed-in-PREPA-Contract-Reform-and-Privatization-_July-2018.pdf
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gas resources—critiques very reminiscent of the Hawaiian commission’s response to its utilities’ 2014 

PSIPs.11 In April 2019, former Puerto Rico Governor Ricardo Rosselló signed the Public Energy Policy Law, 

which mandates 100 percent renewable energy by 2050.12 The law specifically directs PREPA to obtain 40 

percent of its energy from renewable sources by 2025 and to eliminate coal from its energy mix by 2028. In 

June 2019, PREPA released an updated IRP filing, which this report assesses by way of comparison to 

Hawaii’s current resource plan. While Puerto Rico undoubtedly faces an array of challenges that were not 

shared in the development of Hawaii’s 2016 PSIP, Hawaii’s experience illuminates several best practices 

that seem particularly relevant to Puerto Rico’s current planning process.  

This Applied Economics Clinic report presents the results of our assessment of best practices and lessons 

learned from the Hawaiian utilities’ joint 2016 PSIP filing as they apply to PREPA’s June 2019 IRP filing.13 

Sections of this report address each of the three major areas of critique made by Puerto Rico’s Energy 

Bureau regarding how well PREPA’s initial February 2019 IRP filings contribute to grid reliability and climate 

resiliency: 

• Local renewable generation (Section 2),  

• Distributed energy resources (Section 3), and 

• Oil to gas conversion and degree of reliance on imported liquefied natural gas (LNG) (Section 4). 

2. Renewable Generation 

Best practices learned in the Hawaiian planning process can serve as valuable input for Puerto Rico’s 

resource planners as the island continues to recover from the devastation wrought by Hurricanes Irma and 

Maria and to rebuild its electric grid to maximize grid reliability and climate resiliency while providing the 

lowest possible cost to its ratepayers.  

Section 2 presents the current state of renewable energy development in Hawaii, details best practices 

gleaned from our review of Hawaii’s most recent IRP, review the state of renewable energy in Puerto Rico, 

and assesses Puerto Rico’s IRP in the context of Hawaiian best practices: 

• Develop low-cost renewable resources and battery storage, 

                                                
11 Kunkel, C. March 29, 2019. “IEEFA Puerto Rico: Regulator rejects PREPA’s 20-year plan.” Institute for Energy 
Economics and Financial Analysis. Available at: http://ieefa.org/ieefa-puerto-rico-regulator-rejects-prepas-20-year-plan/. 
12 Bade, G. April 12, 2019. “Puerto Rico governor signs 100% renewable energy mandate.” Utility Dive. Available at: 
https://www.utilitydive.com/news/puerto-rico-governor-signs-100-renewable-energy-mandate/552614/. 
13 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. Puerto Rico Integrated Resource Plan 
2018-2019. Submitted by Siemens Industry. Available at: http://energia.pr.gov/wp-content/uploads/2019/02/PREPA-
Ex.-1.0-IRP-2019-PREPA-IRP-Report.pdf. 
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• Pursue renewables with the highest certainty of deployment early in the planning period, and 

• Ensure lowest costs for ratepayers by considering renewables on equal footing with fossil fuels. 

The subsequent section of this report (Section 3) discusses the closely related topic of distributed energy 

resources. 

Renewables in Hawaii 

In 2018, Hawaii had a total of 3,061 megawatts (MW) of installed electric generating capacity (see Figure 

1). Oil-fired generation accounted for nearly 70 percent of the islands’ total capacity, while renewable 

geothermal, wind, solar, hydro and battery storage accounted for 15 percent (the remainder is composed 

of coal, gas and energy from municipal solid waste (MSW)).14 Hawaii’s peak electric demand in 2017 was 

1,184 MW. 

Figure 1. Hawaiian installed electric generating capacity as of June 2019 (MW) 

 
Note: MSW = Municipal Solid Waste. Also note that the scale in Figure 3 is not the same as the scale in Figure 4 below.  

Source: EIA. 2018 Form EIA-860 Data - Schedule 3, 'Generator Data' (Operable Units Only. Available at: 

https://www.eia.gov/electricity/data/eia860/.  

In 2018, 11 percent of Hawaii’s total utility-scale electric generation15 (1,050 gigawatt-hours (GWh)) came 

from renewable energy sources (solar, wind, biomass, battery storage, geothermal and hydro in Figure 2 

below). According to state law, all electric utilities must acquire renewable generation equal to 30 percent 

                                                
14 In Hawaii, utility-scale solar resources are assumed to have a 24 percent capacity factor, while utility-scale wind 
resources are assumed to have a 35 to 45 percent capacity factor. (A capacity factor represents the amount of 
expected electrical output, given as a percentage of that resource’s maximum total output). See: Hawaii State Energy 
Office. 2016. “Hawaii Energy Facts & Figures.” Available at: http://energy.hawaii.gov/wp-
content/uploads/2011/08/FF_Nov2016.pdf. p. 3. 
15 When behind-the-meter resources are included, the share of renewable generation increases to 23 percent of total 
generation (as of July 2019). See: Hawaii State Energy Office. 2019. “Hawaii Energy Facts and Figures.” Available at: 
https://energy.hawaii.gov/wp-content/uploads/2019/07/2019-FF_Final.pdf. Figure 1, p. 2. 

http://www.aeclinic.org/
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of retail sales by the end of 2020—a share that increases to 70 percent in 2040.16 By the end of 2045, 

Hawaii’s fossil fuel-powered generation must be completely replaced by renewable sources.  

Figure 2. Hawaii electricity generation by source, 2018 (GWh) 

 
Note: Generation for battery storage constitutes negative generation. We have changed its sign to positive for illustrative purposes.  

Source: U.S. EIA. EIA-923 Monthly Generation and Fuel Consumption Time Series File, 2018 Data Early Release. Available at 

https://www.eia.gov/electricity/data/eia923/.  

Lessons Learned from Hawaii 

The process of developing and finalizing the Hawaiian utilities’ final PSIPs included substantial changes to 

the treatment of renewable generation. In their original 2014 PSIPs, the Hawaiian utilities planned only for 

just under 300 MW of renewable capacity expansion by 2022. The Hawaiian utility commission found that 

this proposed plan:  

• Picked winners: Placed “inappropriate” limitations or constraints on the amounts and types of 

renewable resources considered, which ultimately served to unduly restrict the resources eligible 

for selection during model analysis;17  

• Left money on the table: Planned to build renewable energy resources too late in the planning 

period given the state’s climate goals and the disappearing opportunity for tax credits; and  

• Spent more than necessary: Selected renewable resources with higher costs (or greater 

uncertainty) than other renewable opportunities available.  

                                                
16 Bill No. HB623. 2015. State of Hawaii House of Representatives. House of Representatives Twenty-Eighth 
Legislature, Renewable Portfolio Standards. Available at: 
https://www.capitol.hawaii.gov/session2015/bills/HB623_CD1_.htm. 
17 The Public Utilities Commission of the State of Hawaii. November 2015. Docket No. 2014-0183. Order No. 33320. 
Instituting a Proceeding to Review to Power Supply Improvement Plans for Hawaiian Electric Company, Inc., Hawaii 
Electric Light Company, Inc. and Maui Electric Company Limited. Available at: 
https://cca.hawaii.gov/dca/files/2015/11/2014-0183-Order-No.-33320-2015-11-4.pdf. p. 73-89. 

http://www.aeclinic.org/
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In their 2016 final PSIPs Hawaiian utilities plan to build over 950 MW of new, utility-scale renewable 

resources and demand response by 2022 (see Table 2), equivalent to 31 percent of the island’s current 

total installed capacity and the largest amount of new generation ever undertaken in the state, according 

to the Hawaiian utility commission.18 This represents a large increase from the amount of planned utility-

scale renewable resources and demand response in the original 2014 PSIPs (a 660 MW, or 31 percent, 

increase). Pursuing this amount of renewable capacity early in the planning period enables the Hawaiian 

utilities to take advantage of federal tax credits and low interest rates.19  

Table 2. Hawaiian renewable energy additions installed by the end of 2021 (MW) 

 
Source: Original PSIPs—(1) HI PUC. Docket No. 2011-0206. August 26, 2014. Hawaiian Electric Power Supply Improvement Plan. 

Table 5-4; (2) HI PUC. Docket No. 2011-0092. August 26, 2014. Maui Electric Power Supply Improvement Plan. Table 5-1; (3) HI PUC. 

Docket No. 2011-0212. August 26, 2014. Hawai'i Electric Power Supply Improvement Plan. Table 5-3. Final PSIPs—HI PUC. Docket 

No. 2014-0183. December 23, 2016. Hawaiian Electric Companies’' PSIPs Update Report; Book 1 of 4. p. ES-3. All documents 

available at: https://dms.puc.hawaii.gov/dms/dockets?action=search&docketNumber=2014-0183.  

The Hawaiian commission also noted that the original PSIPs’ reliance on fossil fuel generation (switching all 

oil generators to imported LNG) for grid-stabilization did not appear to support further renewable 

integration because only small amounts of renewable generation were added after LNG investments, 

despite the cost-effectiveness of wind and solar.20 

To address these shortcomings, the commission called on the Hawaiian utilities to more fully assess the 

risks and uncertainties presented by their plans—such as the impacts of LNG imports, improvements in 

renewable resource technology and availability, and the potential for stranded assets21—to ensure that the 

proposed renewable energy plan is the most reasonable and cost-effective way to ensure reliability, 

                                                
18 The Public Utilities Commission of the State of Hawaii. July 2017. Docket No. 2014-0183. Order No. 34696. 
Instituting a Proceeding to Review to Power Supply Improvement Plans for Hawaiian Electric Company, Inc., Hawaii 
Electric Light Company, Inc. and Maui Electric Company Limited. Available at: 
https://cca.hawaii.gov/dca/files/2017/07/C-DOCUME-1ADMINI-1.PUCLOCALS-
1TempE0EE20B8BF764C829EFE43659308E00200007802.pdf. p. 27. 
19 Ibid. p. 14-15.   
20 Ibid. p. 66-69. 
21 Ibid. p. 6-7. 
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affordability and the enhanced integration of renewable energy sources.22 The final 2016 PSIPs reflect 

these changes: more renewable energy capacity additions, a greater share of distributed energy resources, 

and an elimination of planned LNG imports. 

Hawaiian Best Practices 

Hawaii’s electric-sector planning experience demonstrates that for renewable resources to provide 

maximum benefit for electric customers utilities must prioritize these goals: 

a) Develop low-cost renewable resources and battery storage: Low-cost renewable energy 

resources, and pair some of these resources with battery storage to provide the greatest grid 

reliability and resiliency; 

b) Pursue renewables with the highest certainty of deployment early in the planning period: 

Building renewable energy sources with a high certainty of successful deployment early in the 

planning period in order to take advantage of declining federal tax credits and as a buffer against 

fossil fuel price volatility; and 

c) Ensure lowest costs for ratepayers by considering renewables on equal footing with fossil fuels: 

Obtaining the lowest costs for electric consumers by considering all types of supply-side resources 

on a level playing field. 

Renewables in Puerto Rico 

In 2018, Puerto Rico had a total of 6,129 MW of installed electric capacity (see Figure 3 below)—more than 

double that of Hawaii. Like Hawaii, oil-fired resources accounted for the majority of the island’s total 

electric capacity (65 percent in Puerto Rico). However, hydro, wind and solar 23 only make up 5 percent of 

Puerto Rico’s electric capacity, compared to Hawaii’s 12 percent. Puerto Rico’s electric system also differs 

from that of Hawaii in its use of gas: 22 percent of Puerto Rico’s installed electric capacity is gas-fired; 

Hawaii has no gas generation. Puerto Rico’s peak electric demand in 2017 was 3,685 MW.24 

                                                
22 The Public Utilities Commission of the State of Hawaii. November 2015. Docket No. 2014-0183. Order No. 33320. p. 
6. 
23 Note that Puerto Rico does not have any installed biomass or geothermal capacity. PREPA does not report battery 
storage as a separate category. However, U.S. EIA data from June 2019 suggests that Puerto Rico has 30.5 MW of 
battery storage installed. 
24 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. Exhibit 7-17.  
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Figure 3. 2018 Puerto Rican installed electric generating capacity (MW) 

  
Note: Horizontal scale differs from that of Figure 1 (2018 Hawaiian installed electric generation capacity) above. In the data source 

listed below, PREPA classified Costa Sur 5 and 6 as oil-fired units. We reclassified them as gas units in accordance with PREPA’s June 

IRP (Exhibit 4-5) and in U.S. Energy Information Administration (EIA) data (see: EIA. June 2019. "Monthly Electric Generator 

Inventory". Available at: https://www.eia.gov/electricity/data/eia860m/). 

Source: PREPA. June 7, 2019. Puerto Rico IRP 2018-2019. Siemens PTI Report Number: RPT-015-19. Exhibit 4-1. 

Figure 4. 2018 Puerto Rican electric generation (GWh) 

 
Note: Horizontal scale differs from that of Figure 3 above.  

Source: PREPA. June 7, 2019. Puerto Rico IRP 2018-2019. Siemens PTI Report Number: RPT-015-19. Exhibit 4-1. 

In 2018, just 1.4 percent of Puerto Rico’s total electric generation came from renewable energy sources 

(hydro, solar and wind in Figure 4). According to Puerto Rico law,25 40 percent of total retail sales must 

come from renewable sources by 2025. By the end of 2050, Puerto Rico’s fossil fuel-powered generation 

                                                
25 Legislative Assembly of Puerto Rico. April 11, 2019. Act No. 17-2019 (S. B. 1121). Puerto Rico Energy Public Policy 
Act. 5th Regular Session of the 18th Legislative Assembly of Puerto Rico. Available at: https://aeepr.com/es-
pr/QuienesSomos/Ley17/A-17-2019%20PS%201121%20Politica%20Publica%20Energetica.pdf.  

http://www.aeclinic.org/
https://www.eia.gov/electricity/data/eia860m/
https://aeepr.com/es-pr/QuienesSomos/Ley17/A-17-2019%20PS%201121%20Politica%20Publica%20Energetica.pdf
https://aeepr.com/es-pr/QuienesSomos/Ley17/A-17-2019%20PS%201121%20Politica%20Publica%20Energetica.pdf


 

 

Page 14 of 37 

www.aeclinic.org  

must be completely replaced by renewable sources. Using the expected rates of generation26 used by 

PREPA in its IRP modeling, the preferred portfolio (ESM scenario) in the June 2016 plan would result in 38 

percent of retail sales in 202527—assuming that 400 MW of existing and 235 MW of new customer-owned 

distributed generation could be certified and tracked with renewable energy certificates. Without 

distributed generation, Puerto Rico's renewables would amount to only 30 percent of retail sales in 2025, 

far below the 40 percent requirement.28 PREPA’s June 2016 IRP preferred plan does not appear to comply 

with Puerto Rico’s April 2019 Energy Public Policy Act.29 

The Hawaiian best practices—pursue low-cost renewable resources and battery storage; prioritize 

renewables with the highest certainty of deployment and pursue them early in the planning period; and 

choose the amounts and types of renewables that will lower customer costs—may serve as lessons for 

Puerto Rico as it endeavors to more aggressively develop its own renewable resources in such a way as will 

provide maximum benefits to its electric grid and ratepayers. 

a) Develop low-cost renewable resources and battery storage 

Puerto Rico aims to transition to 100 percent renewables by 2050, with a milestone of 40 percent 

renewable energy generation by 2025.30 Although PREPA’s June preferred plan goes further to shift the 

island towards that goal than that proposed in February, nearly two-fifths of planned capacity expansions 

in the June plan are fossil fuel resources. PREPA plans to add 1,622 MW of new greenhouse gas emitting 

gas-fired capacity, convert 600 MW of oil capacity to become gas-fired, and build three new LNG terminals. 

By law, no gas or other non-renewable generation may run in Puerto Rico after 205031; according to 

PREPA’s reported lifetimes of these facilities (see Table 3 below), the two 302 MW gas combined cycle 

plants (Palo Seco and Yabucoa) will have 3 years of remaining useful life in 2050 but cannot operate after 

that year. Based on PREPA’s estimates of the cost of the proposed new gas plants, approximately $84 

                                                
26 In Puerto Rico, utility-scale solar resources are assumed to have a 22 percent capacity factor, while utility-scale 
wind resources are assumed to have a 25 percent capacity factor. See: Puerto Rico Electric Power Authority. June 
2019. Report No. RPT-015-19. Puerto Rico Integrated Resource Plan 2018-2019. Submitted by Siemens Industry. 
Available at: https://drive.google.com/drive/folders/1ot4u-aV2U6gZNdzEru42WqQeKljjfdC0. Exhibit 6-32.  
27 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. Exhibits 3-18, 3-16, and 3-11.  
28 Ibid. Exhibits 3-34 and 3-32.  
29 Legislative Assembly of Puerto Rico. April 11, 2019. Act No. 17-2019 (S. B. 1121). Puerto Rico Energy Public Policy 
Act. 5th Regular Session of the 18th Legislative Assembly of Puerto Rico. Available at: https://aeepr.com/es-
pr/QuienesSomos/Ley17/A-17-2019%20PS%201121%20Politica%20Publica%20Energetica.pdf.  
30 Puerto Rico Federal Affairs Administration. May 23, 2019. “Governor Ricardo Rossello Signs Historic Climate Change 
Bill.” Available at: http://prfaa.pr.gov/governor-ricardo-rossello-signs-historic-climate-change-bill/. 
31 Legislative Assembly of Puerto Rico. April 11, 2019. Act No. 17-2019 (S. B. 1121). Puerto Rico Energy Public Policy 
Act. 5th Regular Session of the 18th Legislative Assembly of Puerto Rico. Available at: https://aeepr.com/es-
pr/QuienesSomos/Ley17/A-17-2019%20PS%201121%20Politica%20Publica%20Energetica.pdf. 
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million would still be owed to pay the full cost of these plants in 2050.32    

Table 3. PREPA June 2019 IRP Exhibit 6-2 Capital Cost Recovery Factor by Asset Class 

Source: Reproduced from PREPA June 2019 IRP Exhibit 6-2. 

PREPA’s June IRP includes more low-cost renewable resources than the utility’s February plan, putting 

Puerto Rico on relatively equal footing with Hawaii in terms of solar buildout and demand response 

measures but falling short in terms of renewable buildout as a share of electric peak in the near-term—

Hawaii is planning for 958 MW of utility-scale solar and wind, rooftop solar, and demand response by the 

end of 2021 (see Table 2 above), equal to 31 percent of its 2018 total installed capacity, while PREPA is 

planning for 810 MW of solar and demand response (no wind) by the end of 2021, equal to 13 percent of 

its 2018 total installed capacity. PREPA’s June 2019 IRP includes a preferred plan that more aggressively 

develops low-cost renewable energy capacity, in order to respond to “the need for a reliable and resilient 

electric grid”.33 In its June IRP, solar additions total 1,800 MW and battery storage additions total 800 MW 

by the end of 2023 (see Table 4 below). 

PREPA’s plans for battery storage are ambitious, with its June IRP describing batteries’ role in increased 

grid resilience due to their ability to produce or absorb power throughout the day as needed and to 

continue to supply electricity even during short-duration outages. Battery storage also provides an 

important grid stabilization benefit to utilities managing supply to meet load. In its June IRP preferred plan, 

PREPA aims to install 800 MW of battery storage throughout the planning period, 480 MW of which will be 

built by 202234 (for reference, Puerto Rico had 31 MW of battery storage installed in 2018).35 By 

comparison, Hawaii plans to install 512 MW of battery storage by the end of 2045, 192 MW of which will 

be built by 2022 (see Table 2 above) (for reference, Hawaii had 63 MW of battery storage installed in 

                                                
32 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. Exhibits 6-14, 6-15 and 8-44. 
33 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. p. 2-6. 
34 Note that PREPA’s June IRP (in Exhibit 10-2 and elsewhere) indicates that the cumulative battery storage additions 
total 920 MW when in fact, they only total 800 MW. 
35 U.S. EIA. June 2019. "Monthly Electric Generator Inventory". Available at: 
https://www.eia.gov/electricity/data/eia860m/.  
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2018).36 Puerto Rico is currently planning to deploy considerable amounts of battery storage that go 

beyond the storage planned in Hawaii and will help the island most efficiently and cost-effectively utilize its 

renewable resources. Rapid, large-scale deployment of battery storage technology in PREPA’s system will 

depend on success in several sequential steps in engineering, design, and planning, including issuing one or 

more requests for proposals (RFPs) for battery storage or renewable capacity plus battery storage, studies 

to identify optimal siting locations, and interconnection analysis under both connected and “islanded” 

scenarios.   

Table 4. Renewable energy in PREPA’s February and June IRP preferred plans 

 
Note: PREPA’s June IRP (in Exhibit 10-2 and elsewhere) indicates that the cumulative battery storage additions total 920 MW when 

in fact, they only total 800 MW. The numbers listed here for PREPA’s June IRP are for their ESM scenario, however, PREPA also 

presents numbers for its S4S2 plan of 1,280 MW of battery storage additions and 1,740 MW of solar additions through 2023. It is 

unclear which of these data points applies to PREPA’s preferred plan. 

Data sources: (1) PREPA. June 7,2019. Puerto Rico IRP 2018-2019. Siemens PTI Report Number: RPT-015-19. (2) PREPA. February 12, 

2019. Puerto Rico Integrated Resource Plan 2018-2019. Siemens PTI Report Number: RPT-015-19. 

Although PREPA’s June IRP considered onshore wind resources, none were chosen in its preferred plan (or 

any of its candidate portfolios). PREPA considered, but did not include in modeling, offshore wind 

resources because “it is expected to have cost higher than the equivalent Solar PV project”.37 In addition, 

PREPA assumes wind costs starting at $103 to $105 in 2018 and declining to $53 to $99 in 2038.38 These 

costs are much higher than those assumed by the Hawaiian utilities ($34 to $65 in 2016 and $52 to $100 in 

2040)39 and those provided by Lazard—a global leader in financial advisory and asset management firm—

which estimates onshore wind costs of $29 to $56 on an unsubsidized basis.40   

                                                
36 U.S. EIA. 2018. Form EIA-860 Data - Schedule 3, 'Generator Data'. Available at: 
https://www.eia.gov/electricity/data/eia860/. 
37 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. Exhibit 6-32.  
38 Ibid. Exhibit 6-42.  
39The Hawaiian Electric Companies. 2016. The Hawaiian Electric Companies’ 2016 Power Supply Improvement Plan 
(PSIP) Update. Book 2 of 4. Table F-14. Available at: https://www.hawaiianelectric.com/clean-energy-
hawaii/integrated-grid-planning/power-supply-improvement-plan p. F-65. 
40 Lazard. 2018. Lazard’s Levelized Cost of Energy Analysis—Version 12.0. Available at: 
https://www.lazard.com/media/450784/lazards-levelized-cost-of-energy-version-120-vfinal.pdf. p. 2 
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b) Pursue renewables with the highest certainty of deployment early in the planning period  

PREPA’s June IRP falls short of the Hawaii best practice regarding renewable deployment and taking 

measures to reduce demand.  First, the amount of planned demand response is lower in the June IRP than 

in the February IRP; and second, the renewable buildout as a percentage of total generating capacity is less 

than that planned in Hawaii in the near-term (before 2022). Puerto Rico—with a population and electric 

peak demand about double that of Hawaii’s—is planning for less renewable and demand response capacity 

additions than Hawaii (958 MW of solar, wind and battery storage compared to 810 MW) over the same 

four-year period (2018-2021, see Table 5). In addition, Puerto Rico’s RPS targets of 40 percent renewable 

energy by 2025 and 100 percent renewable energy by 2050 will be more difficult to achieve without 

including wind resources over the 20-year planning period. Failing to pursue wind resources in the short-

term also means that Puerto Rico will not benefit from federal tax credits, which are in the process of being 

phased out.  

Table 5. Hawaii and Puerto Rico planned demand response, solar and wind total capacity additions by 

the end of 2021 

 
Note: The numbers listed here for PREPA’s June IRP are for their ESM scenario, however, PREPA also presents numbers for its S4S2 

plan of 1,280 MW of battery storage additions and 1,740 MW of solar additions through 2023. It is unclear which of these data 

points applies to PREPA’s preferred plan. 

Sources: 1) Final PSIPs—HI PUC. Docket No. 2014-0183. December 23, 2016. Hawaiian Electric Companies’' PSIPs Update Report; 

Book 1 of 4. p. ES-3. All documents available at: https://dms.puc.hawaii.gov/dms/dockets?action=search&docketNumber=2014-

0183. 2) PREPA. June 7,2019. Puerto Rico IRP 2018-2019. Siemens PTI Report Number: RPT-015-19. 3)  PREPA. February 12, 2019. 

Puerto Rico Integrated Resource Plan 2018-2019. Siemens PTI Report Number: RPT-015-19. 

According to PREPA, given the massive destruction from hurricanes Irma and Maria, for resources to be 

successful in the Puerto Rican context it must “increase the resiliency and survivability of its systems”.41 To 

achieve those needs, PREPA’s June IRP notes that it must harden its system against severe weather, add 

distributed generation, decrease the island’s dependence on imported oil, and increase their reliance on 

renewable energy sources.42 To this end, PREPA’s preferred plan includes considerable renewable energy 

buildout paired with battery storage as well as “system hardening” techniques like anchoring solar 

                                                
41 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. p. 1-1 
42 Ibid.   
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installations deeper in the ground to enable them to better withstand hurricane conditions.43 The other 

key prong in PREPA’s plan aimed at enhancing the resiliency and survivability of the grid is distributed 

energy, addressed in Section 2 below. 

c) Ensure lowest costs for ratepayers by considering renewables on equal footing with fossil 

fuels 

Unlike Hawaii, Puerto Rico is not treating renewable resources on an equal footing with fossil fuel 

alternatives in its design of a least-cost electric-sector plan. PREPA’s February and June IRPs both place 

annual capacity expansion constraints on solar and battery storage, without limiting fossil fuel resources 

(see Table 6). For example, in 2022, the model used to determine PREPA’s preferred resource plan allows 

the addition of a maximum of 300 MW of solar resources; the permitted addition of gas resources was 

unlimited. 

Table 6. PREPA February and June IRP annual installation constraints (MW) for solar and battery storage 

in its base case, low cost of renewables sensitivity scenario (LCR), and ESM scenario 

 
Source: 1) Siemens Industry. February 12, 2019. Puerto Rico Integrated Resource Plan 2018-2019: Draft for the Review of the Puerto 

Rico Energy Bureau. Prepared for Puerto Rico Electric Power Authority. Siemens PTI Report Number: RPT-015-19. Exhibit 6-27, 

Exhibit 6-28, Exhibit 6-29, Exhibit 6-30. 

Constraining renewable resources in this way may lead to a more expensive resource plan. Compared to its 

February IRP, PREPA’s June IRP has a higher share of renewable energy, battery storage and energy 

efficiency, and therefore a lower share of imported gas and its associated infrastructure costs and potential 

                                                
43 Ibid. p. 2-6.  
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price volatility.44 PREPA’s June IRP also notes that more renewable generation “[achieves] a reduction of 

cost of supply”.45 It is unclear why PREPA’s June preferred plan incorporates more solar and battery 

storage resources than its February IRP, given that the limitations on solar and battery resources were 

identical in both iterations.   

By arbitrarily constraining the amounts and types of renewables considered and leaving fossil fuel 

alternatives unconstrained, Puerto Rico is falling short of the treatment of renewable energy for future 

capacity expansion needs that would ensure the most cost-effective resource plan. An optimized, least-

cost resource plan requires renewable energy capacity of all types (including wind resources) to be 

modelled without discretionary installation constraints. 

3. Distributed Energy Resources 

Distributed energy resources refer to technologies that generate electricity in geographic proximity to 

where that electricity will be consumed. Most commonly, a distributed energy refers to single energy 

systems, like solar panels on residential homes, but distributed energy may also take the form of 

microgrids or community-based energy districts where energy is pooled into a small grid, which is 

connected to the larger utility grid.46 According to the Hawaiian utility commission, distributed energy 

resources include: demand response, energy efficiency, electric vehicles, distributed generation (including 

solar, wind, hydro, biomass, natural gas fuel cells, gasoline or diesel generators, combined heat and power 

systems and municipal solid waste incineration) and distributed energy storage.47 

Section 3 presents the current state of distributed generation in Hawaii and Puerto Rico and details the 

best practices that resulted from our review of Hawaii’s most recent IRP and assesses Puerto Rico’s IRP in 

the context of Hawaiian best practices: 

• Shift from centralized to distributed energy resources, 

• Assess all types of distributed energy resources on equal footing with other capacity expansion 

opportunities, and 

• Consider the grid services and risk reduction from distributed energy resources relative to other 

capacity expansion opportunities. 

                                                
44 Ibid. p. 2-6. 
45 Ibid. p. 5-1. 
46 United States Environmental Protection Agency. n.d. “Distributed Generation of Electricity and its Environmental 
Impacts.: Energy and the Environment. Available at: https://www.epa.gov/energy/distributed-generation-electricity-
and-its-environmental-impacts. 
47 The Public Utilities Commission of the State of Hawaii. November 2015. Docket No. 2014-0183. Order No. 33320. p. 
5. 
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Distributed Energy Resources in Hawaii 

Between 2005 and 2016, distributed solar generation in Hawaii increased from 1.8 MW to over 560 MW 

(see Figure 5), while utility-scale solar grew from 1.2 MW in 2008 to 125 MW in 2018. Since 2011, Hawaii’s 

distributed solar has grown by a minimum of 88 MW each year. About two-thirds of Hawaii’s installed 

distributed generation capacity is from residential rooftop solar, while the remaining one-third comes from 

combined generation of commercial installations and independent power producers.48 

Figure 5. Annual growth of Hawaiian rooftop solar 

 
Sources: (1) Hawaiian Electric Companies. 2016. PSIPs Update Report. Before the Public Utilities Commission of the State of Hawai'i. 
Docket No. 2014-0183. Figure D-3: PV Generation Growth (2005-2016). p. D-33. (2) Source: EIA. 2006 to 2018 Form EIA-860 Data - 
Schedule 3, 'Generator Data' (Operable Units Only). Available at: https://www.eia.gov/electricity/data/eia860/.  

Lessons learned in the Hawaiian context 

Developing and finalizing the Hawaiian utilities’ PSIPs led to a substantial increase in planned distributed 

generation resources. In their original 2014 PSIPs, the Hawaiian utilities planned to build 234 MW of 

                                                
48 The Hawaiian Electric Companies. 2016. The Hawaiian Electric Companies’ 2016 Power Supply Improvement Plan 
(PSIP) Update. Book 1 of 4. Available at: https://www.hawaiianelectric.com/clean-energy-hawaii/integrated-grid-
planning/power-supply-improvement-plan p. D-33. 
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rooftop solar and 34 MW of demand response by 2022 (see Error! Reference source not found. below), a

nd was found by the commission to have used overly conservative estimates of benefits paired with a 

more complete accounting of costs regarding updating the electric system to accommodate distributed 

energy resources.49 The Hawaiian utility commission found that utilities’ original plan:  

• Left distributed generation opportunities on the table: Did not sufficiently discuss the use and 

integration of distributed energy resources,50 incorporated too little diversity in the types of 

renewable distributed generation considered, and did not sufficiently utilize distributed resources 

to the maximum benefit of the system and the customer;51 

• Short-changed some types of distributed generation: Did not adequately consider all types of 

distributed energy resources, including demand response, energy efficiency, electric vehicles, 

distributed generation, and distributed energy storage resources52; and  

• Failed to include valuable grid services and risk reduction: Inadequately considered the ability of 

distributed generation to provide important benefits like offsetting future transmission and 

distribution upgrades and providing valuable grid services like enhanced reliability.53  

In their 2016 final PSIPs, the Hawaiian utilities: anticipate 326 MW of rooftop solar by 2022—an increase of 

39 percent above the amount of rooftop solar in their 2014 original PSIPs (see Table 7 below); procure 

diverse community-based renewable energy sites including solar, wind, demand response and distributed 

energy storage resources, develop additional distributed energy initiatives; and undertake improvements 

to facilitate distributed energy integration in the grid.  

The Hawaiian utilities are taking a planned, step-by-step approach to distributed energy resource 

development—including phased transmission enhancements; plans to monitor the reporting, performance 

and integration of distributed energy resources; and plans to continue research into innovative and 

emerging distributed energy technologies.54 The Hawaiian commission noted that the utilities’ distributed 

energy plans will “promote the reliable and economic operation of the electrical grid” and “assist with the 

integration of additional renewable energy resources”.55 It is also important to note, however, that the 

Hawaiian utilities’ final PSIPs did not consider distributed energy resources on equal footing with other 

supply-side resources—the modeling approach treated distributed energy resources exogenously and 

                                                
49 The Public Utilities Commission of the State of Hawaii. November 2015. Docket No. 2014-0183. Order No. 33320. p. 
25-26. 
50 The Public Utilities Commission of the State of Hawaii. November 2015. Docket No. 2014-0183. Order No. 33320. p. 
44. 
51 Ibid. p. 90-91. 
52 Ibid. p.5.  
53 The Public Utilities Commission of the State of Hawaii. July 2017. Docket No. 2014-0183. Order No. 34696. p. 30. 
54 The Hawaiian Electric Companies. 2016. The Hawaiian Electric Companies’ 2016 Power Supply Improvement Plan 
(PSIP) Update. Book 1 of 4. Pages 7-4 to 7-16. 
55 The Public Utilities Commission of the State of Hawaii. July 2017. Docket No. 2014-0183. Order No. 34696. p. 30. 
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failed to consider distributed resources together with battery storage, a combination that can enhance the 

grid benefits by way of stabilization and resiliency. 

Table 7. Hawaii distributed solar and demand response additions installed by the end of 2021 (MW) 

 
Source: Original PSIPs—(1) HI PUC. Docket No. 2011-0206. August 26, 2014. Hawaiian Electric Power Supply Improvement Plan. 

Table 5-4; (2) HI PUC. Docket No. 2011-0092. August 26, 2014. Maui Electric Power Supply Improvement Plan. Table 5-1; (3) HI PUC. 

Docket No. 2011-0212. August 26, 2014. Hawai'i Electric Power Supply Improvement Plan. Table 5-3. Final PSIPs—HI PUC. Docket 

No. 2014-0183. December 23, 2016. Hawaiian Electric Companies’' PSIPs Update Report; Book 1 of 4. p. ES-3. All documents 

available at: https://dms.puc.hawaii.gov/dms/dockets?action=search&docketNumber=2014-0183. 

Hawaiian Best Practices 

Hawaii’s electric-sector planning experience illuminates best practices that help enable distributed energy 

resources to provide maximum benefit for electric customers utilities must prioritize: 

a) Shift from centralized to distributed energy resources: Distributed energy resources provide a 

more resilient, reliable and economic grid where customers provide a multitude of valuable 

services; 

b) Assess all types of distributed energy resources on an equal footing with other capacity 

expansion opportunities: Building diverse distributed energy resources and considering 

opportunities to build these resources in community-based sites like micro grids and local energy 

districts56 is the best way to most fully capture the range of potential benefits offered by 

distributed generation opportunities; and 

c) Consider grid services and risk reduction from distributed energy resources relative to other 

capacity expansion opportunities: Distributed energy resources provide valuable direct and 

indirect grid services, such as providing system security benefits or offsetting future transmission-

and-distribution infrastructure upgrades, which are important benefits to be considered relative to 

other capacity expansion options. 

                                                
56 The Public Utilities Commission of the State of Hawaii. November 2015. Docket No. 2014-0183. Order No. 33320. p. 
26. 
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Distributed Energy Resources in Puerto Rico 

According to PREPA’s June IRP, Puerto Rico has 173 MW of installed distributed generation resources 

across the island, composed primarily of rooftop solar (see Table 8). 

Table 8. Puerto Rico distributed generation in service as of June 2019 

 
Source: PREPA. 2019. Puerto Rico Integrated Resource Plan 2018-2019 Appendix 4: Demand Side Resources. Submitted by Siemens 

Industry. Draft for the Review of the Puerto Rico Energy Bureau. Report No. PRT-001-19. Exhibit 3-1. 

Investment in distributed energy resources has increased across the United States due to the growing 

affordability of solar panels for many homeowners and businesses, state policy incentives, and grid 

operators utilizing distributed generation to maintain reliable service during times of peak electric use.57 In 

Puerto Rico, transmission towers and lines must cross the center of the island—mountainous terrain that is 

particularly vulnerable to extreme weather conditions—to get electricity to customers.58 The island also 

has a high poverty rate (45 percent of individuals fall below the poverty level59) and is particularly 

vulnerable to extreme weather like hurricanes, making the need to shift from centralized generation to 

distributed energy resources particularly acute in Puerto Rico.  

a) Shift from centralized to distributed energy resources 

PREPA’s June 2019 IRP includes more distributed energy resources than were proposed in February as well 

                                                
57 United States Environmental Protection Agency. n.d. “Distributed Generation of Electricity and its Environmental 
Impacts.: Energy and the Environment. Available at: https://www.epa.gov/energy/distributed-generation-electricity-
and-its-environmental-impacts. 
58 Ellsmoor, J. February 12, 2019. Puerto Rico’s Utility PREPA Plans To Divide Island Into Renewable Energy Microgrids. 
Forbes. Available at: https://www.forbes.com/sites/jamesellsmoor/2019/02/12/puerto-ricos-utility-prepa-plans-to-
divide-island-into-renewable-energy-microgrids/#25a3fac355fc 
59 United States Census Bureau. 2017. “Community Facts.” American Fact Finder. Available at: 
https://factfinder.census.gov/faces/nav/jsf/pages/community_facts.xhtml?src=bkmk. 
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as very ambitious plans to shift the grid from centralized generation to distributed, flexible, energy 

resources that are closer to the customer, eliminate the need for extensive transmission and distribution 

planning, and create a more flexible, reliable and resilient electric grid. To accomplish this goal, PREPA 

proposes to develop distributed energy resources in the form of eight connected regional “minigrids” 

across the island that are all connected to each other. Each minigrid would be capable of operating in 

“island” mode (that is, it can operate self-sufficiently) and each minigrid is further broken down into 

smaller microgrids, which would be able to function autonomously. PREPA’s proposal for advancing 

distributed generation goes further than that of the Hawaiian utilities.  

In PREPA’s June preferred portfolio, the role of distributed energy resources is to create eight largely self-

sufficient electric “islands” in the form of minigrids.60 In order to develop this mini- and microgrid system, 

PREPA plans for large-scale transmission upgrades based on defined priorities and a strict timetable (see 

Table 9).  PREPA’s June IRP does not provide the associated capacity amounts (in MW) of its planned mini- 

and microgrid projects.  

Table 9. PREPA minigrid transmission plan (2018$ million) 

 
Source: PREPA. June 7, 2019. Puerto Rico IRP 2018-2019. Siemens PTI Report Number: RPT-015-19. Exhibit 4-1.  

While PREPA’s plan to advance distributed energy resources in the form of minigrids goes further than 

Hawaii’s, Hawaii has more developed rooftop solar resources at present. Indeed, while Hawaii had 561 

MW of total rooftop solar installed in 2016,61 Puerto Rico currently has 173 MW of distributed generation 

resources (comprised mostly of solar).62 PREPA’s June IRP is short on detail about the imagined role of 

rooftop solar resources in Puerto Rico—the only time it references rooftop solar is to note that “the 

levelized cost of customer owned generation is…significantly lower than the total rate” and that “the 

[distributed generation] forecast [assumes] that the continuance of ‘net-metering’ rates will occur, and the 

                                                
60 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. p. 1-5. 
61 The Hawaiian Electric Companies. 2016. The Hawaiian Electric Companies’ 2016 Power Supply Improvement Plan 
(PSIP) Update. Before the Public Utilities Commission of the State of Hawai’i. Docket No. 2014-0183.  Available at: 
https://www.hawaiianelectric.com/clean-energy-hawaii/integrated-grid-planning/power-supply-improvement-plan. 
p. D-33. 
62 Puerto Rico Electric Power Authority. June 2019.  Report No. PRT-001-19. Exhibit 3-1.  

http://www.aeclinic.org/
https://www.hawaiianelectric.com/clean-energy-hawaii/integrated-grid-planning/power-supply-improvement-plan


 

 

Page 25 of 37 

www.aeclinic.org  

customer side roof top PV adoptions will continue to be in line with the high adoption rates observed to 

date.”63 In contrast, Hawaii’s 2016 PSIP stated its intention “maximize distributed energy resources”64 but 

did not present a detailed step-by-step plan like PREPA’s June IRP. 

b) Assess all types of distributed energy resources on equal footing with other capacity 

expansion opportunities  

PREPA’s June 2019 preferred portfolio would establish a microgrid electric system to enhance grid 

reliability and resiliency. Although PREPA presents specific forecasts for energy efficiency savings and 

demand response measures—which are not presented in the Hawaiian IRP—it does not consider these 

resources on equal footing with other capacity expansion resources. (Neither did the Hawaiian IRP, despite 

the urging of the Hawaiian utility commission). Energy efficiency and demand response projections were 

not offered as resources in PREPA’s capacity expansion model—they were introduced exogenously65 and 

their projections were estimated based PREPA’s qualitative review and resultant prioritization of demand-

side measures.66 The impact of the programs on this list was then estimated based on participation rates, 

energy savings and program costs.67 In addition, neither the Hawaiian nor the Puerto Rican IRPs offer a 

clear presentation of the current status of, or future plans for, electric vehicles. 

Compared to the February version, PREPA’s June preferred plan includes more aggressive energy efficiency 

savings but less aggressive demand response measures (see Table 10 below). Between the February and 

June versions of its IRP, PREPA decreased planned demand response by 30 percent and increased planned 

energy efficiency by 87 percent, all by the end of 2023. PREPA states its aim to reach 2 percent annual 

incremental energy efficiency savings by 202568 as the result of an order from Puerto Rican Energy 

Bureau.69 The Hawaiian utilities did not publish demand response or energy efficiency forecasts in their 

final PSIPs, making comparisons between Puerto Rico and Hawaii impossible.    

                                                
63 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. p. 8-59. 
64 The Hawaiian Electric Companies. 2016. Executive Summary. p. ES-2. 
65 In resource modeling, an exogenous change is one that comes from outside the model and is unexplained by the 
model. 
66 Puerto Rico Electric Power Authority. June 2019.  Report No. PRT-001-19. Exhibit 3-1.  
67 Ibid.   
68 Ibid.  
69 “Subsequently, the Puerto Rican Energy Bureau (PREB) ordered PREPA to “model EE with gains of two percent (2%) 
per year, based on the energy sales of that year… for 18 years.” Source: Puerto Rico Electric Power Authority. June 
2019.  Report No. PRT-001-19. Appendix 4: Demand Side Resources. p. 2-1.  
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Table 10. Demand response and energy efficiency in PREPA’s February and June IRP preferred plans 

 
Data sources: (1) PREPA. June 7,2019. Puerto Rico IRP 2018-2019. Siemens PTI Report Number: RPT-015-19. (2) PREPA. February 12, 

2019. Puerto Rico Integrated Resource Plan 2018-2019. Siemens PTI Report Number: RPT-015-19. 

In the appendices to its June IRP, PREPA forecasts that installed distributed capacity (primarily rooftop 

solar) will grow from 127 MW in 2018 to 929 MW by the end of the planning period (2038) (see Figure 6). 

(In the main IRP report, PREPA also reports 1,176 MW of customer-owned generation in 2038.)70  

Figure 6. PREPA June IRP distributed energy capacity projection (MW) 

 
Source: PREPA. 2019. Puerto Rico Integrated Resource Plan 2018-2019 Appendix 4: Demand Side Resources. Submitted by Siemens 

Industry. Draft for the Review of the Puerto Rico Energy Bureau. Report No. PRT-001-19. Exhibit 3-3. 

PREPA’s assessment of distributed energy resources in its June IRP resulted in plans for mini- and 

microgrids that are presented in great detail along with clear targets energy efficiency and demand 

response savings. However, while Puerto Rico is meeting the first half of the Hawaiian best practice—

“assess all types of distributed energy resources” (with the exception of electric vehicles)—it is not meeting 

the second half—“on equal footing with other capacity expansion opportunities.” PREPA does not consider 

energy efficiency and demand response alongside other supply-side resources in its capacity expansion 

modeling. Although Puerto Rico includes a clear target for distributed energy capacity (929 MW by the end 

of 2038, up from 173 MW currently installed), it is important to keep in mind that Hawaii already had 561 

MW of distributed solar installed to serve less than half the population and electric peak. Puerto Rico is 

                                                

70 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. p. 8-4. 
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falling short of the Hawaii best practice in terms of the amount of planned capacity as a share of total 

electric capacity. Puerto Rico would need to develop distributed solar more rapidly to reach the standard 

set by Hawaii.  

c) Consider grid services and risk reduction from distributed energy resources relative to other 

capacity expansion opportunities 

Although the large, centralized resources presented in PREPA’s February IRP preferred plan resulted in 

lower overall costs than the June preferred plan—which has more renewable energy and distributed 

energy resources—PREPA, in consultation with its stakeholders, concluded that “the larger centralized 

resources…depend on the reliability of the transmission system during a major event like a hurricane. 

Considering the experience with the 2017 hurricanes in Puerto Rico, a distributed resources strategy was 

selected for providing resiliency to the electric service, even though it could result in higher costs.”71 

PREPA’s June preferred plan itself makes the case that distributed energy resources—in the form of an 

extensive microgrid system—provide a valuable benefits in the form of storm risk reduction, especially 

relative to centralized generation resources. The IRP’s main cost comparison is only relevant to a future in 

which no major storm damages occur. In a future with great storm impact, the portfolio built with more 

resiliency measures would very likely result in lower total costs over time. For example, PREPA June IRP 

states that it did not consider its Scenario 3 to be “the preferred portfolio due to its assumed deep 

reduction in renewable prices and the risk of managing the implied amount of renewable generation and 

storage.”72 Scenario 3, however, had a $42 to $61 million lower cost of energy not served by minigrids than 

Scenario 4 or the ESM scenario (the preferred scenarios).73 

The prioritization of distributed energy resources in PREPA’s June IRP means that a share of Puerto Rico’s 

load will be supplied by local resources and can be isolated from the rest of the grid during a major event 

like a hurricane. This design will allow for greater grid flexibility because the microgrids will be able to 

easily switch from interconnection to “island” mode.74 PREPA’s June IRP also notes that developing new 

distributed energy resources in Puerto Rico will bring employment opportunities in building the necessary 

infrastructure and a reduction in costs to electric customers who take advantage of opportunities to 

participate in distributed energy production.75  

                                                
71 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. p. 9-2. 
72 Ibid. p. 8-10.  
73 Ibid. Exhibits 8-52 and 8-83.  
74 Ibid. p. 1-3.  
75 Ibid. p. 1-2. 
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4. Oil to Gas Conversion and LNG 

Across the United States, coal and oil have become more costly fuel sources relative to gas while at the 

same time, aging coal and oil-fired power plants have become less efficient relative to newer gas-fired 

plants. U.S. utilities have been investing in new gas generation and converting their coal and oil-fired plants 

to run on gas and choosing gas-fired technologies for capacity expansion.76 Nationwide, installed coal 

capacity has fallen from 322 GW in 2002 to 243 GW in 2018. U.S. gas capacity, on the other hand, has 

grown from 120 GW in 2002 to 264 MW in 2018.77 Liquification of gas makes it possible to transport gas to 

places, like Puerto Rico, that pipelines cannot reach, where it is then re-gasified for distribution, sale and 

combustion.78   

Section 4 presents the status of gas generation in Hawaii and Puerto Rico, details best practices taken from 

our review of Hawaii’s most recent IRP, and evaluates Puerto Rico’s June 2019 IRP based on these 

Hawaiian best practices: 

• Reduce generation costs by retiring aging fossil fuel plants, 

• Place renewable energy, energy efficiency, demand response and battery storage on equal footing 

with fossil fuel generation for capacity expansion, and 

• Assess the risks of stranded costs, uncertainties, and rate impacts of imported LNG fuels and new 

fossil generation. 

Gas in Hawaii 

Hawaii does not use gas for electric generation. Hawaii’s electric generation is dominated by oil-fired (67 

percent) and coal-fired resources (13 percent, see Figure 2 above). The Hawaiian utilities’ original 2014 

PSIPs proposed oil to gas conversion but gas investments were ultimately rejected in their final plan. This 

was a large shift, given that the 2014 PSIPs preferred plan aimed to convert a total of 1,744 MW of oil-fired 

generating capacity to gas (see Table 11 below)—57 percent of Hawaiian generating capacity in 2018.  

                                                
76 Manussawee, S. March 8, 2019. “New U.S. power plants expected to be mostly natural gas combined-cycle and 
solar PV.” EIA. Available at: https://www.eia.gov/todayinenergy/detail.php?id=38612.   
77 Dubin, Kenneth. April 10, 2019. “U.S. natural gas-fired combined-cycle capacity surpasses coal-fired capacity.” EIA. 
Available at: https://www.eia.gov/todayinenergy/detail.php?id=39012. 
78 EIA. June 4, 2019. “Natural gas explained: Liquefied natural gas.” Available at: 
https://www.eia.gov/energyexplained/natural-gas/liquefied-natural-gas.php. 
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Table 11. Oil to gas conversions from Hawaii original 2014 PSIP preferred plan 

 
Sources: 1) Hawaiian Electric Companies. 2014. Hawaiian Electric Supply Improvement Plan. Docket No. 2011-0206. 2) Hawaiian 

Electric Companies. 2014. Maui Electric Supply Improvement Plan. Docket No. 2011-0092. 3) Hawaiian Electric Companies. 2014. 

Hawai'i Electric Light Supply Improvement Plan. Docket No. 2012-0212. 

Lessons learned in the Hawaiian context 

The Hawaiian utility commission’s critiques of the original 2014 PSIPs resulted in a dramatic reassessment 

of the role of gas in Hawaii’s energy future. The Hawaiian utility commission found that the 2014 proposed 

plan:  

• Was too cost-optimistic regarding gas: Strategies to convert existing fossil fuel-generation to LNG 

did not adequately consider the “substantial uncertainties”79 regarding the cost-effectiveness of 

LNG fuels, and failed to assess the impact of alternative projections of fossil fuel prices80 or the 

impact of delays in planned LNG infrastructure, such as the Hawaiian utilities announcement of a 

two-year delay of LNG imports81; 

• Failed to adequately consider low-cost renewable energy alternatives to fossil fuel generation: 

Did not “utilize [renewable] lower cost resources earlier and to a greater extent in order to deliver 

additional customer savings”82 and did not provide adequate information about cost-benefit 

comparisons; and 

• Inadequately assessed risks including stranded costs and rate impacts of imported LNG fuels and 

new gas generation: Did not “provide adequate consideration or analysis of substantial risks and 

uncertainties for customers including the impacts of the timing, availability, and pricing of LNG 

imports” nor the “potential risks of stranded costs and rate impacts in light of the extensive 

                                                
79 The Public Utilities Commission of the State of Hawaii. November 2015. Docket No. 2014-0183. Order No. 33320. p. 
5. 
80 Ibid. p. 109. 
81 Ibid. p. 106. 
82 Ibid. p. 79. 
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proposed capital expenditure plans”83. 

The Hawaiian utilities’ final 2016 PSIPs do not include plans to build any new gas-fired electric generation 

capacity or LNG terminals as part of the near-term resource plan (2017-2021), although the Hawaiian 

utilities note that gas resources “will continue to be evaluated as alternatives in the transition to 100% 

renewable energy.”84 The final 2016 PSIPs emphasize that gas resources were no longer included and focus 

on the “near-term actions that allow us to make strong progress on achieving our clean energy goals,”85 by 

eliminating reliance on imported fossil fuels (and their associated cost risks) and aggressively developing 

renewable energy resources.86 

Hawaiian Best Practices 

Hawaii’s electric-sector planning experience illuminates best practices for fossil fuel resource planning that 

help provide the maximum potential benefit for electric customers: 

a) Reduce generation costs by retiring aging fossil fuel plants: Retiring old and inefficient fossil fuel 

plants reduces the cost of operating the generation fleet by replacing those resources with lower-

cost and/or more efficient generating resources; 

b) Place renewable energy, energy efficiency, demand response and battery storage on equal 

footing with fossil fuel generation for capacity expansion: Assessing all supply and demand-side 

resources on equal footing is the most effective way to ensure that a truly optimized and least-cost 

resource plan; and 

c) Assess the risks of stranded costs, uncertainties, and rate impacts of imported LNG fuels and new 

fossil generation: Gas resources entail a number of risks unique to that resource, including volatile 

price projections and unknown future developments of environmental regulations—these are 

important risks to consider when assessing gas resources for capacity expansion needs. 

                                                
83 The Public Utilities Commission of the State of Hawaii. November 2015. Docket No. 2014-0183. Order No. 33320. p. 
7. 
84 The Hawaiian Electric Companies. 2016. Book 2 of 4. p. 7-1. 
85 The Hawaiian Electric Companies. 2016. Executive Summary. p. ES-2. 
86 On June 22, the Hawaii Public Utilities Commission (HPUC) approved a risk sharing mechanism that splits fuel price 
volatility risk 98% and 2% between ratepayers and HECO. See: 1) Hawaiian Public Utilities Commission. June 22, 2018. 
PUC Approves Rate Decrease for Hawaiian Electric Company, Inc. Available at: https://puc.hawaii.gov/wp-
content/uploads/2018/06/2016-0328.Press-Release.mk_.06-22-2018.Final_.pdf and 2) Trabish, H.K. August 6, 2018. 
Hawaii's new fuel price performance incentive gives HECO 'skin in the game'. UtilityDive. Available at: 
https://www.utilitydive.com/news/hawaiis-new-fuel-price-performance-incentive-gives-heco-skin-in-the-
game/528329/.  
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Gas in Puerto Rico 

Puerto Rico depends heavily on imported fuels for its power generation—65 percent of its electric 

generation is oil-fired, 7 percent is coal-fired and 22 percent is gas-fired (see Figure 4 above). In 2018, 

Puerto Rico imported 60 billion cubic feet (bcf) of LNG87 (equivalent to approximately 35,000 bcf of gas) for 

a total cost of $433 billion,88 all of which was used for electric generation89 at two power plants—

EcoEléctrica (574 MW) and Costa Sur 5 and 6 (820 MW). Between 2013 and 2016, Puerto Rico had an 

average of two LNG shipments per month, equivalent to 159 million cubic feet per day.90 Peñuelas in Ponce 

is the sole LNG terminal currently in operation in Puerto Rico, and has been in operation since 2005. In 

August 2017, the U.S. Federal Energy Regulatory Commission approved a 75 percent expansion of the 

Peñuelas LNG facility to 279 million cubic feet per day—186 million cubic feet per day for the Costa Sur 

plant and 93 million cubic feet per day for the EcoEléctrica plant.91 

In addition to Puerto Rico’s dependency on imported gas resources with potentially volatile prices, PREPA 

itself notes that “load growth is a very real concern to PREPA, and growth at this moment is highly 

uncertain and could go from negative to positive should federal monies stimulate the economy, 

outmigration reverse, or industrial and tourism industries increase”.92 Shrinking demand makes building 

new gas-fired resources riskier, because the power they produce may not be needed before the end of 

their lifetime and the ability to recover the cost of building the plant may be impacted—in other words, the 

plant may become a stranded asset.  

Puerto Rico’s new RPS legislation also greatly increases the likelihood that some portion of new gas plants 

costs will be stranded: Only 40 percent of the island’s generation can come from non-renewables sources 

like gas in 2025 and none in 2050. This context creates greater reason to look to Hawaiian best practices 

that treat gas as one of many alternative resources to meet demand. 

                                                
87 The volume of natural gas in its liquid state is about 600 times smaller than its volume in its gaseous state. Liquified 
natural gas, therefore, makes it possible to transport natural gas to places that pipelines cannot reach. For this 
reason, we use the terms gas and LNG interchangeably in this section. EIA. June 4, 2019. “Natural gas explained: 
Liquefied natural gas.” Available at: https://www.eia.gov/energyexplained/natural-gas/liquefied-natural-gas.php. 
88 Office of Fossil Energy. 2018. LNG Annual Report. Available at: https://www.energy.gov/fe/downloads/lng-annual-
report-2018. 
89 Tsai, Kristen. April 8, 2019. “Puerto Rico’s LNG imports returned to pre-Hurricane Maria levels in late 2018.” EIA. 
Available at: https://www.eia.gov/todayinenergy/detail.php?id=38972. 
90 Ibid.  
91 Gas Processing & LNG. Federal Energy Regulatory Commission approves LNG import terminal expansion in Puerto 
Rico. Available at: http://www.gasprocessingnews.com/news/ferc-approves-lng-import-terminal-expansion-in-
puerto-rico.aspx. 
92 Puerto Rico Electric Power Authority. June 2019. p. 1-3. 
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Table 12. Summary of PREPA June IRP preferred plan 

 
Notes: *Need for this unit will be re-evaluated based on load growth and progress of other projects. **The ESM scenario would 

need to add the 302 MW CCGT plant at Costa Sur should PREPA not be able to negotiate and acceptable agreement with 

EcoEléctrica. However, should an acceptable agreement be negotiated, Siemens would recommend that PREPA cease all activities 

associated with developing the new CCGT at Cost Sur. 

Source: PREPA. June 7, 2019. Puerto Rico IRP 2018-2019. Siemens PTI Report Number: RPT-015-19. Pages 10-2 to 10-8. 
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a) Reduce generation costs by retiring aging fossil fuel plants 

While PREPA’s June IRP retires slightly more fossil fuel-fired capacity than its February IRP (3,190 MW in 

June versus 2,990 MW in February, both by the end of 2025), 93 PREPA’s June plan still installs up to 1,622 

MW of new gas-fired capacity94, converts 600 MW of capacity to gas generation, and builds three new LNG 

terminals, all by the end of 2025 (see Table 12 above).95 For comparison, Hawaii’s final preferred plan 

retires 1,224 MW of oil-fired capacity and builds no new gas generation.96 

PREPA’s preferred plan falls short of Hawaiian best practices to retire aging plants. PREPA plans to retire 55 

percent (3,190 MW) of its total installed fossil fuel capacity by the end of 2025. This would bring Puerto 

Rico closer to the Hawaiian best practice were it not for PREPA’s plans to increase its total installed gas 

capacity from 1,327 MW in 2018 to as much as 3,549 MW in 2025 through planned installations and 

conversions. 

b) Place renewable energy, energy efficiency, demand response and battery storage on equal 

footing with fossil fuel generation for capacity expansion 

PREPA’s June IRP fails to consider renewable energy, energy efficiency, demand response and battery 

storage on equal footing with gas-fired generation for its capacity expansion needs. While PREPA modeled 

solar and battery storage resource options in the same way that it modeled fossil fuel resources, the 

amounts of solar and battery that the model was able to select were restricted (see the discussion on 

choosing renewables to lower customer costs above). PREPA’s energy efficiency and demand response 

projections, on the other hand, were not modeled together with other capacity expansion resources (see 

the discussion on evaluating all resources on an equal footing above); they were included exogenously97 

and their projections were estimated based PREPA’s qualitative review and resultant prioritization of 

demand-side measures.98  

As a result of these inconsistencies in the way both supply- and demand-side resources are modeled and 

selected, PREPA’s June IRP preferred plan includes as much as 2,222 MW of new gas-fired generation, and 

as many as three new LNG terminals by the end of 2025 (see Table 12 above). 

PREPA’s June IRP did model one scenario (Scenario 1, out of 6 total) in which no new gas-fired generation 

                                                
93 Puerto Rico Electric Power Authority. June 2019. p. 10-4 to 10-8. 
94 Some capacity expansions proposed by PREPA are contingent on load growth or contract agreements. See the 
notes below Table 9 for additional details. 
95 Puerto Rico Electric Power Authority. June 2019. p. 10-5 to 10-8. 
96 The Hawaiian Electric Companies. 2016. Book 1 of 4. p. 4-6, 4-7, 4-14, 4-19, 4-22. 
97 In resource modeling, an exogenous change is one that comes from outside the model and is, therefore, 
unexplained by the model. 
98 Puerto Rico Electric Power Authority. June 2019.  Report No. PRT-001-19. Appendix 4: Demand Side Resources. 
Exhibit 3-1.  
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is installed (with the exception of the San Juan 5 and 6 conversion which is taken as a given in all scenarios 

since the work is nearing completion). A scenario is what utilities use in their resource planning analyses to 

account for potential risks or uncertainties—such as a future with low or high coal prices, or a future with 

more stringent environmental regulations. Scenario 1 (PREPA’s “no new gas” scenario) was found to be 

more expensive than the preferred plan because the lack of new gas resulted in increased use of peaking 

generation and battery storage, and greater fuel consumption of the existing fossil fuel-fired generation 

capacity (see Table 13).99 

Table 13. Costs of PREPA’s no gas scenario versus its preferred plan 

 
Note: NPV calculations assume a 9 percent discount rate. 

Source: PREPA. June 7,2019. Puerto Rico IRP 2018-2019. Siemens PTI Report Number: RPT-015-19. Exhibit 8-63. 

PREPA’s model, however, does not allow for non-gas resources to compete on a level playing field with gas 

resources: that is, Scenario 1 did not relax the constraints on annual additions of renewable capacity. As a 

result, Scenario 1 may have selected more peaking generation and with it more fuel consumption for 

existing plants because it was unable to select a greater amount of renewables than permitted by the 

renewable capacity constraints.  

Even so, the Scenario 1 base case was found to be just 3 percent ($423,434) more expensive than the 

preferred plan. In the Hawaiian case, the final preferred plan, which does not include any LNG, was found 

to be 6 percent ($2.2 billion) more expensive than the least cost plan ($34.7 billion) that did rely on LNG.100 

Unlike the 2014 PSIPs, the final 2016 PSIP did not identify a single preferred plan for each island, but it still 

noted that despite the plan’s renewable additions “the price of oil, the disuse of coal and the cost of 

                                                
99 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. p. 8-63. 
100 The Hawaiian Electric Companies. 2016. Book 1 of 4. Pages 5-4, 5-11, 5-25. 
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modernizing the grid to accept more renewables will move customer bills higher in the near term.”101 The 

plan was chosen anyway, because “in the longer term the aggressive pursuit of low-cost renewables will 

cause customer bills to be flat or slightly declining on a real-dollar basis. The renewable investments in the 

near-term action plans were selected to minimize the potential for making dead-end decisions and 

stranding assets.”102 

c) Assess the risks of stranded costs, uncertainties, and rate impacts of imported LNG fuels and 

new fossil generation 

The development of Hawaii’s resource plan demonstrated that building extensive renewable energy 

resources and no new gas-fired generation works to achieve grid reliability and resiliency, in addition to 

achieving the state’s ambitious climate goals.103 Hawaii’s PSIPs demonstrate that aggressive build-out of 

renewable energy, if cost-effective, poses very little risk of stranded costs because renewable fuels (i.e. the 

wind, the sun, running water) are, and will remain, free—unlike fossil fuel price projections that become 

more uncertain over longer time periods.104 PREPA’s 2016 IRP offers no assessment of the risk of creating 

stranded assets by investing in new gas-fired generation capacity—a particularly important shortcoming 

given PREPA’s troubled financial situation. 

Table 14. Gas investments in PREPA’s June IRP 

 
Source: Reproduced from presentation by Ingrid M. Vila-Biaggi, President and Co-Founder of Cambio Puerto Rico at the Institute for 

Energy Economics and Financial Analysis (IEEFA) Conference. June 18, 2019.  

                                                
101 The Hawaiian Electric Companies. 2016. Executive Summary. p. ES-5. 
102 Ibid. 
103 Ibid.  
104 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. p. 6-6. 
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PREPA’s June IRP plans for extensive new gas-fired capacity and supporting infrastructure, which 

represents a total investment of $2.6 billion over the planning period (see Table 14 above). If this capital 

expenditure were to become stranded for any reason, PREPA’s financial situation would be negatively 

impacted. In addition, PREPA did not consider the risk of failing to attain reasonable interest rates on loans 

for gas investments.105  

In its analysis of gas prices to supply plants without existing fuel supply contracts (Aguirre, San Juan, 

Mayagüez and Yabucoa), PREPA utilizes 115 percent of Henry Hub gas price forecasts with a cost adder of 

$4.35/MMBtu to reflect additional costs like liquefaction and transport.106 Henry Hub on its own would be 

an inappropriate gas price forecast for Puerto Rico because the island’s gas is not purchased from the 

United States; there are no U.S.-built and operated (Jones Act compliant) LNG carriers that are legally 

allowed to transport gas to Puerto Rico, which is why nearly all of Puerto Rico’s gas imports come from 

Trinidad & Tobago.107 While it is reasonable to assume that gas delivered to Puerto Rico will be more 

expensive than Henry Hub prices, PREPA’s June IRP fails to explain how it accounts for the Jones Act in its 

modeling—the Jones Act was temporarily lifted during Hurricane Maria and discussions about a permanent 

exemption are ongoing.108   

5. Best practices and lessons learned 

The Hawaiian utilities’ development of their 2016 resource plan resulted in nine best practices for other 

utilities seeking to balance strong renewable energy policy requirements with grid resiliency (see Table 15 

below). 

These important lessons have the potential to improve Puerto Rico’s planning process, ensure that PREPA 

is in compliance with Puerto Rico’s climate laws, and provide the lowest possible rates to consumers. A 

repeated theme in IRP best practices is the need to allow resources to compete on their own merits, taking 

into consideration risks and uncertainties possible in wide set of future scenarios. PREPA’s IRP does not 

comply with new renewables requirements and does not allow renewables to compete with other 

resources to bring low-cost energy to consumers. The result is a significant increase in investment in gas-

fired generation and related infrastructure that is likely to become stranded financial assets by 2050. 

                                                
105 Ibid. p. 8-28. 
106 Puerto Rico Electric Power Authority. June 2019. Report No. RPT-015-19. p. 7-21. 
107 U.S. Department of Energy. 2019. Natural Gas Imports and Exports, First Quarter Report 2019. Report No. DOE/FE-
0614. Available at: https://www.energy.gov/sites/prod/files/2019/08/f65/1Q2019.pdf. p. 52. 
108 Gallagher, J. February 7, 2019. “Lawmakers oppose Puerto Rico’s Jones Act waiver request.” FreightWaves. 
Available at: https://www.freightwaves.com/news/regulations/lawmakers-oppose-puerto-rico-jones-act-waiver-
request. 
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Table 15. PREPA June IRP performance vis-à-vis Hawaii best practices 
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