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OBJECTIVE AND SIGNIFICANCE: As the amount 

solar and storage integration increases in Hawaiʻi, 

accurately capturing the impact of weather variability 

and uncertainty is critical. In addition, with the 

relatively small number of generating units on 

Hawaiʻi’s grid, correlated outages and maintenance 

events can significantly decrease reliability. The 

objective of this work conducted by HNEI, in 

collaboration with Telos Energy, was to develop 

novel methodologies and tools to properly evaluate 

system risk and the likelihood of capacity shortfalls 

in high percentage renewable grids by 

probabilistically simulating solar variability, 

generator outages, and storage availability. 
 

KEY RESULTS: A novel methodology to capture the 

impact of solar variability, generator outage, and 

storage availability on the reliability of high 

percentage renewable grids was developed. A 21-year 

dataset of solar irradiance and production profiles as 

well as detailed probability distributions of generator 

outages and maintenance schedules were developed 

to allow application of this methodology to the 

Hawaiʻi grids. The methodology captures inherent 

solar variability, outlier weather events, and the 

impact of generator outages. This new analysis 

technique helps answer key questions for power 

system planning that are missed by traditional 

resource adequacy analysis such as:  

• How much solar, storage, and thermal capacity is 

required to maintain grid reliability? 

• What is the effect of increased forced outages and 

maintenance schedules on reliability?  

• How much legacy thermal capacity can be 

retired? 

• How do multi-day low solar and extreme weather 

events affect reliability? 
 

BACKGROUND: Historically, production cost 

analyses used to model economic dispatch of utility 

generation sources typically focus on modeling hour-

to-hour and sub-hourly solar variability across a 

single weather year. As battery storage is deployed in 

quantities that impact grid operations, the challenge 

of sub-hourly variability of the solar resource 

becomes less important. Instead, periods of 

challenging operations due to extended periods of low 

solar output may occur. When these challenging 

periods of low solar resources are concurrent with 

generator failures, unserved energy may result. This 

occurs when there is not enough capacity to serve 

load. This issue may be particularly acute for 

Hawaiʻi’s grids, which have relatively few, large 

generators relative to the size of the load. This risk to 

system reliability is expected to become more serious 

as Hawaiʻi’s fossil fleet ages as more frequent outages 

and maintenance events, increasing the likelihood of 

concurrent events. 
 

Traditional power system planning evaluates weather 

risk and generator outages via resource adequacy 

analysis rather than hourly production cost analysis. 

This traditional resource adequacy analysis leverages 

stochastic, probabilistic assessments of risk (weather 

and generator outages), to determine the likelihood of 

capacity shortfalls. However, this analysis is limited 

because it does not capture chronological dispatch of 

the power grid, but instead evaluates snapshots in 

time, such as peak load hours. This inability to 

capture chronological dispatch is likely to miss 

significant events when evaluating systems with high 

levels of energy limited resources, such as battery 

storage and demand response. 
 

The increasing importance of weather uncertainty and 

generator outages, combined with the need to 

accurately simulate storage and demand response, 

requires novel methodologies and tools to properly 

evaluate system risk and the likelihood of capacity 

shortfalls. Under this activity, a new model to capture 

the stochastic nature of grids with a high penetration 

of variable renewable generation has been developed 

and used to analyze capacity reliability of the Hawaiʻi 

grids. 
 

PROJECT STATUS/RESULTS: To address the 

evolving challenges of system reliability on the 

Hawaiʻi grids at high levels of solar and storage 

integration, HNEI and Telos Energy developed and 

applied novel grid modeling techniques and tools to 

stochastically evaluate system operation across many 

years of historical weather data and potential 

generator outages. The project includes the 

development of a detailed, Hawaiʻi-specific, 

historical weather database. Weather conditions were 

simulated over the past 21 years using National 

Renewable Energy Laboratory’s (NREL) National 

Solar Radiation Database (NRSDB). Combining the 

weather     data     with     solar     PV     plant-specific  

Hawaiʻi Natural Energy Institute Research Highlights 
Energy Policy & Analysis 

Stochastic Modeling for High Renewable Grids 

 



 

Hawai‘i Natural Energy Institute | School of Ocean & Earth Science & Technology 
University of Hawaiʻi at Mānoa, 1680 East-West Road, POST 109 • Honolulu, HI  96822  

 Phone: (808) 956-8890 • Fax: (808) 956-2336 • www.hnei.hawaii.edu  2 

 

information, such as location, DC:AC ratios, tracking 

systems, etc., resulted in unique sub-hourly power 

production profiles for each existing and proposed 

solar PV project in Hawaiʻi. The figure below 

illustrates the system-wide variability in monthly 

generation (top) and an example of a single year’s 

rolling weekly average of solar generation relative to 

the 21-year average (bottom). 
 

 
 

 
 

The methodology incorporates the historical weather 

data for chronological solar production profiles and 

then simulates grid performance for those years 

against a series of randomly selected generator 

outages and maintenance events. In the analysis 

conducted to date, 21 years of historical solar data and 

up to twelve random outage profiles were used 

resulting in a matrix of 252 Monte Carlo samples, 

each analyzing a full 8,760 hour year of chronological 

operation. The result is the probability of a capacity 

shortfall across nearly 2.5 million hours of grid 

operation.  

 
 

This process allows for the calculation of 

conventional resource adequacy metrics, like Loss of 

Load Expectation (LOLE), Loss of Load Hours 

(LOLH), and Expected Unserved Energy (EUE), 

along with typical production cost metrics like cost of 

generation and curtailment. It also accurately captures 

battery utilization and state-of-charge as well as better 

incorporating storage scheduling, which inherently 

increases capacity margins in some hours (charging) 

in order to reduce risk in others (discharging).  
 

In addition to the traditional resource adequacy 

metrics like LOLE and LOLH that only characterize 

the frequency of capacity shortfalls, the stochastic 

analysis developed under this project provides 

additional information, such as the size and duration 

of events. This ability to characterize size, frequency, 

and duration of reliability events offers the 

opportunity to tailor mitigations to meet grid needs. 

This allows for a more effective comparison between 

mitigation technologies and operational responses, 

such as battery energy storage, demand response, and 

fossil capacity additions for reliability. For example, 

battery energy storage and demand response may be 

preferred options to mitigate short duration events, 

whereas fossil generation or long-duration storage 

will be required for longer duration events. 
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The new modeling techniques and tools outlined in 

this report were developed to allow more accurate and 

higher fidelity analysis of the need for capacity and 

risks of unserved energy as the Hawaiʻi grids 

transition to increasing levels of solar and battery 

storage. This tool is being used to evaluate issues, 

such as the reliable retirement of fossil generators, the 

value of demand response, and battery storage for 

capacity grid services, as well as the role of long-

duration storage for future power systems. These 

topics are covered in separate projects in the Energy 

Policy and Analysis section. 

 

Funding Source: Office of Naval Research; Energy 

Systems Development Special Fund 

 

Contact: Richard Rocheleau, rochelea@hawaii.edu 
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OBJECTIVE AND SIGNIFICANCE: As the Hawaiʻi 

grids transition to high penetrations of solar plus 

storage to meet generation needs, conventional 

stability tools that utilize a limited number of 

snapshots of operations expected to show worst-case 

conditions (i.e. an evening peak load) cannot capture 

the range of grid conditions that are important to 

evaluate on high percentage-renewable grids. 
 

The objective of this activity, conducted in 

collaboration with Telos Energy, was to develop a 

new tool to evaluate grid stability over the entire 

range of operations expected throughout the course of 

a year. Evaluating grid risk at every hour of the year 

enables grid planners to understand both the 

magnitude and duration of risk to the grid, which 

gives valuable context for informing mitigation 

decisions. A second objective of this activity was to 

integrate both stability and cost production into one 

tool, with a significant improvement over traditional 

tools that cannot co-optimize production cost and grid 

stability.  
 

KEY RESULTS: The HNEI team has successfully 

developed a new screening tool that quantifies the 

stability risk to the grid using a probabilistic approach 

across all 8760 hours of grid operation instead of just 

at preselected conditions of expected risk. This 

technique yields probability distributions of the 

frequency excursions for grid events such as loss-of-

generation. This new tool provides a more 

comprehensive means for assessing stability of the 

Hawaiʻi grids as conventional thermal generation is 

retired and replaced by variable renewables systems. 

The accuracy of this new tool was calibrated using the 

full dynamic model of the Oʻahu grid and validated 

against the typical transmission planning snapshots as 

described below. 
 

BACKGROUND: Typical utility grid planning 

processes only evaluate a limited number of grid 

conditions for dynamic stability, sometimes as few as 

two or three “worst-case” snapshots (i.e. summer 

peak, spring light-load conditions) from each 

planning scenario. This traditional approach provides 

limited information for today’s modern grids with 

high penetrations of variable renewable resources and 

storage because (1) the “worst-case” periods are 

shifting and no longer obvious and (2) this approach 

provides no indication of how often the grid is 

exposed to the “worst-case” conditions, which is 

critical in understand how to best mitigate issues that 

arise.  
 

To overcome these limitations, the HNEI team 

developed and validated a new tool to evaluate the 

stability and performance of the grid probabilistically 

across all 8760 hours of the study year for each 

scenario. This enables a comprehensive, yet easy-to-

understand view of how system risk changes as the 

grid evolves. 
 

PROJECT STATUS/RESULTS: The new tool enables 

an analysis that is both broad and deep by combining 

the wide range of realistic grid operating conditions 

over the course of an entire year (from PLEXOS) with 

the detailed dynamic behavior of the grid during 

major grid events  (from PSSE).  The core of the tool 
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is a simplified dynamic model of the island power 

system. This simplified model is then calibrated using 

the detailed dynamic model from PSSE. This 

calibrated, grid-specific model then uses inputs from 

the production cost tool (PLEXOS), such as the total 

thermal generation online, renewable generation, and 

energy storage reserves to estimate the grid frequency 

excursion for each hour of the simulation assuming 

loss of the largest single generator on the grid. This 

methodology is shown schematically in the figure on 

the previous page.  
 

The output of the tool, the frequency nadir, is 

captured to show the stress on the grid and the impact 

to customers. The frequency nadir is the minimum 

frequency that is reached after the loss of generation 

event. Lower values of frequency nadir indicate 

higher levels of grid stress and greater likelihood of a 

blackout or the need for load shedding or blackout. 

To quantify customer impact, the probability of load 

disconnection due to the under-frequency load-

shedding scheme on the grid is reported. To more 

easily visualize these results, the frequency nadir and 

load-shedding metrics are presented as probability 

distributions that show the probability of reaching a 

certain level of grid stress (frequency nadir and load-

shedding) over the course of a year for a given mix of 

generation resources. This is shown in the figure 

below, where the frequency nadir from 8,760 

individual dynamic simulations can be represented as 

a single probability distribution curve. By running 

multiple future resource mixes that consider different 

penetrations of solar + storage, the probability 

distributions can be plotted to show the trends in 

dynamic stability as the grid becomes increasingly 

renewable. 

As indicated in the schematic, this new tool is fully 

integrated with PLEXOS allowing the results of the 

dynamic stability simulations to be fed back to 

PLEXOS, where the scenarios and/or the grid 

operations can be adjusted to achieve desired levels 

of grid stability, such as a maximum value of load-

shedding or a minimum allowable frequency nadir. 

This is fundamentally different than traditional 

techniques where system cost is optimized first 

without regard to stability, then adjustments to the 

grid that are needed for grid stability reasons are made 

second, which leads to a suboptimal resource mix. 

Based on the desired stability objectives, operational 

parameters such as generation commitment decisions, 

generation retirement and replacement scenarios, 

battery scheduling and utilization, and demand 

response assumptions can all be adjusted individually 

or in combination.   
 

This tool has been applied to the island of Oʻahu to 

assess grid stability with high solar + storage 

integration and evaluate the risk of customer 

disconnection and grid black-out for near-term 

scenarios including the retirement of AES and the 

installation of Stage 1 PV+BESS projects. The results 

are detailed in the project summary “Oʻahu Grid 

Stability with High Solar + Storage Integration”. 

The tool has been benchmarked against the full 

dynamic model of Oʻahu as represented in PSSE for 

four different grid conditions, including the 

maximum and minimum loads during daytime and 

nighttime periods (see figures on following page). In 

each case, the largest single generator is suddenly 

disconnected and the grid frequency is over-plotted. 

The   focus   of   the   validation  is  on   matching   the 

https://www.hnei.hawaii.edu/wp-content/uploads/Oahu-Grid-Stability-with-Integration.pdf
https://www.hnei.hawaii.edu/wp-content/uploads/Oahu-Grid-Stability-with-Integration.pdf
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frequency nadir, which is considered the most 

important grid stress metric for loss-of-generation 

events and directly corresponds with load-shedding 

on Oʻahu. It is acknowledged that the dynamic 

response of the grid predicted by the tool after the 

frequency nadir occurs is often not accurate. This is 

because the response of the grid after the nadir is 

dependent on many other dynamics (thermal 

generator governor dynamics) that are not modeled. 

These post-nadir dynamics are not modeled because 

they are not significant factors in the response of the 

grid prior to the nadir. It is the period of time prior to 

the nadir that is the focus of this analysis because this 

period is most critical for the survivability of the grid 

and most indicative of grid stress and customer 

impact. 
 

 
 

 
 

The loss-of-generation events are only one type of 

challenging grid event that grid operators and 

planners must assess. Other challenging events 

including short-circuit (fault) events, particularly 

with low grid strength, which occurs when there are 

high levels of generation from inverter-based 

resources and few conventional plants online. This 

method and analysis tool can be adapted to evaluate 

these risks as well, which is expected to be critically 

important for Oʻahu, Maui, and Hawaiʻi in the near 

future. 
 

Funding Source: Office of Naval Research; Energy 

Systems Development Special Fund 
 

Contact: Richard Rocheleau, rochelea@hawaii.edu 
 

Last Updated: November 2020 

 

mailto:rochelea@hawaii.edu


 

Hawai‘i Natural Energy Institute | School of Ocean & Earth Science & Technology 
University of Hawaiʻi at Mānoa, 1680 East-West Road, POST 109 • Honolulu, HI  96822  

 Phone: (808) 956-8890 • Fax: (808) 956-2336 • www.hnei.hawaii.edu  1  

 
 

OBJECTIVE AND SIGNIFICANCE: The AES Hawaiʻi 

coal plant, the largest power plant on Oʻahu, is 

scheduled to retire in 2022. This retirement will 

decrease the amount of dispatchable fossil capacity 

available to the utility by more than 10%. The 

objective of this ongoing study is to evaluate the 

ability of proposed solar + storage resources to 

provide the required energy needed while also 

maintaining grid reliability with the pending AES 

coal plant retirement. The results of this analysis have 

been briefed to the Hawaiʻi Public Utility 

Commission (PUC), the utility, and other 

stakeholders. Ongoing work is presented as part of the 

Governor’s “Powering Past Coal” task force. The 

results of this work are expected to have important 

implications for power system planning and policy 

for Oʻahu.  
 

KEY RESULTS: Stochastic analysis, using the tools 

developed by the HNEI-Telos Energy team and 

reported last year, are being used to assess capacity 

reliability risks associated with the AES retirement, 

updates for utility plans, and possible impacts due to 

delays in project schedules. Analysis shows that 

deployment of the Stage 1 solar + storage systems 

along with a small fraction of the Stage 2 projects 

would maintain or even improve risk relative to 

current operations, but that timing of resource 

additions is critical. Stand-alone storage, demand 

response (DR) and behind-the-meter solar with 

storage (DER) similarly reduces risk.   
 

As a result of delays in Stage 1 deployments, HECO 

has proposed to restructure their planned outage 

schedules for the critical months of September - 

November 2022. The HNEI-Telos Energy analysis 

shows this to be an effective means to mitigate risk 

although some amount of additional resources (~40 

MW) would still be required to achieve the same 

capacity reliability as found in current operations. 

Based on the latest (November 2021) projections for 

Stage 1 deployments, utility plans for rescheduled 

maintenance, and the PUC’s emergency DR program, 

current plans appear adequate to transition through 

the retirement of the coal plant. However, with ever-

changing delivery schedules due to both local issues, 

such as interconnection requirement studies, 

permitting, and global shipping delays, this work is 

ongoing and will continue until sufficient resources 

are deployed to ensure capacity needs are met. 

BACKGROUND: As the Hawaiʻi grid transitions to 

renewables including higher percentages of variable 

renewable energy, these new resources are required 

to provide not only energy, but also to provide 

capacity and other grid services currently provided by 

fossil generation. Current utility plans call for 

combining solar with battery storage resources 

allowing solar energy to be shifted from the middle of 

the day, when there is surplus renewable generation, 

to other times of the day including the evening peak-

load hours that occur after the sun has set. The 

inclusion of storage into these systems offers the 

opportunity for them to provide grid services, one of 

which is capacity – or the ability to provide energy 

when it is required for reliability. The first test of this 

strategy revolves around the pending retirement of the 

AES coal plant in September 2022. 
 

The AES coal plant is an independent power producer 

with a long-term Power Purchase Agreement (PPA) 

with Hawaiian Electric Company (HECO) that 

expires in 2022. SB 2629 enacted in 2020 bans coal-

fired generation in Hawaiʻi after 2022, ensuring the 

AES retirement. The objective of this ongoing study, 

requested by the PUC, is to evaluate the ability of the 

planned Stage 1 and Stage 2 utility scale solar + 

storage plants to provide the capacity resources 

needed to ensure reliable grid operations once the 

AES coal plant is retired. 
 

The Stage 1 solar + storage projects were originally 

proposed to be completed in 2022, prior to or 

concurrent with the AES retirement. However, as of 

November 2021, several of these projects are 

encountering delays, pushing their delivery dates to 

beyond the legislatively mandated AES coal facility 

retirement.  
 

Beyond the Stage 1 projects, an additional 274 MW 

of solar with 1,223 MWh of battery storage plus a 185 

MW, 565 MWh stand-alone battery energy storage 

project to be located in Kapolei was awarded in the 

Stage 2 RFP. While the Stage 2 projects would 

provide significant capacity, they are not expected to 

be online until the end of 2022 or later. 
 

Novel “Stochastic Modeling” methodologies, 

developed by HNEI and Telos Energy and 

summarized in HNEI’s 2020 report to the legislature, 

that    accurately    account    for    the    chronological   
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operations of storage, solar variability, and generator 

outages are being utilized to determine if the proposed 

solar + storage systems can maintain reliability when 

AES is retired. These models are being used to 

identify key timelines as well as to assess the viability 

of other mitigating measures such as DER and the 

proposed rescheduling of HECO generator 

maintenance. 
 

PROJECT STATUS/RESULTS: The stochastic 

methodology previously described is being used to 

evaluate the reliability the Oʻahu grid, following the 

AES coal plant retirement assuming different 

buildouts of utility-scale solar + storage resources. 

Each case is analyzed across 1,008 random draws 

(replications) of chronological dispatch, representing 

21 years of solar data and 48 unique outage profiles 

for each year of solar data. The output of each 

analysis includes the number (probability), the 

magnitude, and the duration of capacity shortfall 

events that might occur when there are not enough 

available resources to serve load. This methodology 

was repeated across eight cases, one of which 

represents the current system (Base Case), one with 

AES retired without any replacement capacity, and 

the six additional cases with AES retirements and 

incremental additions of solar + storage resources up 

one representing the full buildout of recently awarded 

Stage 1 and Stage 2 projects (426 MWac of solar with 

1,833 MWh of battery storage). 

This analysis was conducted with and without the 

proposed adjusted maintenance schedules to 

understand the reliability benefits of HECO’s 

proposal to limit planned generator maintenance 

during the peak reliability risk window from 

September 2022 through the end of the year.  
 

The matrices in Figure 1 below summarize the 

number of hours of unserved energy for two 

representative cases, the Base Case, and a case 

assuming the AES retirement and full build out of the 

Stage 1 projects. For each case, the numbers shown in 

the matrix represent the hours of unserved energy 

from a subset of the 1008 random draws of solar and 

unit outages are shown. As the matrices indicate, 

many draws do not have any capacity shortfall events. 

On average, the number of hours with outages 

increases by 82% when AES is retired and only 

replaced with Stage 1 resources. 
 

For each case, the outage rates of all 1008 random 

draws are summarized into a single metric, the 

average loss of load expectation (LOLE) value. 

Additional metrics such as loss of load hours 

(LOLH), which summarizes the average number of 

hours per year; and expected unserved energy (EUE), 

which provides an average amount of unserved 

energy (MWh) per year are also obtained in this 

analysis. Figure 2 on the following page shows the 

average LOLE for each of the eight cases. LOLE (y-

axis)  is  plotted  against  increasing  solar  +  storage 

Figure 1. Example of Loss of Load Hours by Solar Years and Outage Draw. 
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adoption (x-axis). Low values represent lower risk of 

capacity shortfall. The dashed red line at the bottom 

of the chart represents the Reference Point, the 

calculated LOLE of the current system before the 

AES retirement and without additional solar + 

storage. The black line represents system reliability 

after the AES retirement with increasing amounts of 

solar + storage, including deferred maintenance, and 

the dashed line shows what the reliability level would 

be without deferred maintenance. 

 
Figure 2. Loss of Load Expectation with Increasing 

PV+BESS. 

 

While the figure clearly shows the unacceptable 

reliability with the AES retirement without additional 

solar + storage, much of that loss of reliability occurs 

in early months following the AES retirement and is 

recovered with the installation of just the Stage 1 solar 

+ storage. This highlights the importance of project 

timing. The annual assessment shown in Figure 2 

does not address the specific month-by-month timing 

of capacity additions and potential delays.  
 

To further analyze the timing risk of replacement 

resources, the annual results shown in Figure 2 were 

evaluated on a monthly basis. HNEI developed a 

monthly screening tool to assess system reliability 

that could be adjusted with changes to commercial 

online dates and project delays. An example of this 

analysis is provided in Figure 3, but given the 

dynamic nature of project commissioning and delays, 

this analysis is routinely updated. The results show 

elevated risk throughout September and diminishing 

to zero as long as the standalone Kapolei storage 

project, or other solar + storage projects come online 

as planned. 
 

The monthly assessment also showed that while ~40 

MW of additions and deferred maintenance would 

bring the system back to current reliability levels, an 

additional 60 MW would be required by the next 

summer to bring the annual reliability for the 

September 2022 - August 2023 period back to the 

reference point if maintenance schedules return to 

normal.

  

Figure 3. Monthly Annualized LOLE with Proposed Commercial Online Dates 
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The screening tool was provided to the governor’s 

Power Past Coal task force to allow users to change 

commercial online dates of projects to screen for 

periods of increased reliability risk.  
 

Information on outage size, frequency, and duration 

has been shared with the HPUC and DER parties to 

help design an emergency demand response program. 

Results showed that 70% of all resource adequacy 

events could be covered by a 60 MW, 2-hour resource 

available during evening hours and that number 

increased to 85% of all events with 100 MW of 

resources. Using this information, the HPUC 

developed a 50 MW emergency DR program 

requested aggregated battery energy storage systems 

for reliability.  
 

In summary, with the addition of as little as 10% of 

the Stage 2 solar + storage projects - or the addition 

of the standalone Kapolei battery storage project - 

capacity shortfalls are eliminated altogether.  
 

Recently announced delays of Stage 1 and Stage 2 

projects indicate buildout of Stage 1 by the time AES 

is retired may be substantially under 100MW. HNEI 

participates in the Governor’s Powering Past Coal 

Task Force and continues to monitor ongoing changes 

in deployment schedules. 
 

Funding Source: Office of Naval Research; Energy 

Systems Development Special Fund 
 

Contact: Richard Rocheleau, rochelea@hawaii.edu 
 

Last Updated: November 2021 
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OBJECTIVE AND SIGNIFICANCE: The AES Hawaiʻi 

coal plant, the largest power plant on Oʻahu retired on 

September 1, 2022. This retirement decreased the 

amount of dispatchable fossil capacity available to the 

utility by more than 10%. Throughout 2021 and 2022 

the HNEI-Telos Energy team conducted extensive 

reliability analysis of the retirement to brief HECO, 

the Hawaiʻi Public Utilities Commission (PUC), and 

the Governor’s Power Past Coal Task Force on the 

impacts of project delays, cancellations, and other 

events. The objective of this ongoing study is to 

evaluate the ability of proposed solar + storage 

resources to provide the required energy needed while 

also maintaining grid reliability amid generation 

shifts. The results of this work are expected to have 

important implications for power system planning 

and policy for Oʻahu, and in particular, informing 

stakeholders on the implications of future fossil fuel 

plant retirements.  

 

KEY RESULTS: Stochastic analysis, using the tools 

developed by the HNEI-Telos Energy team and 

reported last year, are being used to assess capacity 

reliability risks associated with the AES retirement, 

updates for utility plans, and possible impacts due to 

delays in project schedules, and new trends in 

HECO’s generator outage rates (-), the recent failure 

of Kahe 4 (-), project delays (-), and load (+). 

Analysis shows that with the retirement of AES in 

September with only one replacement resource 

available (Mililani I, 39 MW), Oʻahu is currently in a 

supply deficit until other Stage 1 and 2 solar + storage 

resources become available.  

 

However, recent trends in the Oʻahu peak load which 

are still approximately 100 MW lower than pre-

pandemic levels, mitigate much of the reliability risk 

through the end of 2022 and early 2023.  

 

With the ever-changing delivery schedules due to 

both local issues, such as interconnection requirement 

studies, permitting, and global shipping delays, this 

work is ongoing and will continue until sufficient 

resources are deployed to ensure capacity needs are 

met. 

 

BACKGROUND: As the Hawaiʻi grid transitions to 

renewables, including higher percentages of variable 

renewable energy, these new resources are required 

to provide not only energy, but also to provide 

capacity and other grid services currently provided by 

fossil generation. Current utility plans call for 

combining solar with battery storage resources 

allowing solar energy to be shifted from the middle of 

the day, when there is surplus renewable generation, 

to other times of the day including the evening peak-

load hours that occur after the sun has set. The 

inclusion of storage into these systems offers the 

opportunity for them to provide grid services, one of 

which is capacity – or the ability to provide energy 

when it is required for reliability. The first test of this 

strategy occurred with the retirement of the AES coal 

plant in September 2022.   

 

In 2020, SB 2629 was enacted which bans coal-fired 

generation in Hawaiʻi after 2022, ensuring the AES 

retirement. The objective of this ongoing study, 

requested by the PUC, is to evaluate the ability of the 

planned Stage 1 and Stage 2 utility scale solar + 

storage plants to provide the capacity resources 

needed to ensure reliable grid operations now that the 

AES coal plant is retired. 

 

The Stage 1 and 2 solar + storage projects were 

originally proposed to be completed in 2022, prior to 

or concurrent with the AES retirement. However, as 

of November 2021, several of these projects are 

encountering delays, pushing their delivery dates to 

beyond the legislatively mandated AES coal facility 

retirement. At the end of 2022, only one of the 

projects is online and operating, with the remaining 

projects not expected before April 2023. As a result, 

the power system is currently in a supply deficit.  

 

Since the completion of the 2021 analysis, numerous 

events and trends occurred on Oʻahu that required a 

re-evaluation of Oʻahu’s grid reliability: 

1. Continued project delays across most of the 

Stage 1 and Stage 2 projects. The primary AES 

capacity replacement (185 MW standalone KES 

BESS) is now delayed until May 2023, and other 

solar + storage projects are delayed until Q3 or 

Q4 of 2023; 

2. The Kahe 4 (90 MW) oil generator was removed 

from service due to equipment failure in July 

2022. This plant is not expected back online 

until late Spring 2023 at the earliest while repairs 

take place; 

3. There was a notable increase in HECO’s forced 

outage rates during 2020 and 2021, due to both 
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aging of existing thermal units and modification 

of operations during COVID; and 

4. Oʻahu peak load dropped noticeably during the 

pandemic and has not yet recovered. It remains 

below the forecasted level, mitigating some of 

the reliability risk. 

 

Given these changes, the PUC requested a refresh of 

the 2021 reliability analysis to evaluate system 

reliability through the end of 2022 and 2023.  

 

Novel stochastic modeling methodologies, developed 

by HNEI and Telos Energy and summarized in 

Appendix A1 in HNEI’s Report to the 2021 

Legislature, that accurately account for the 

chronological operations of storage, solar variability, 

and generator outages are being utilized to determine 

if the proposed solar + storage systems can maintain 

reliability in the coming year. These models are being 

used to identify key timelines as well as to assess the 

viability of other mitigating measures such as DER 

and the proposed rescheduling of HECO generator 

maintenance. The methodology developed by HNEI 

and Telos Energy is now also being deployed in 

HECO’s Integrated Grid Planning (IGP) process. 

 

PROJECT STATUS/RESULTS: The stochastic 

methodology is being used to evaluate the reliability 

the Oʻahu grid, following the AES coal plant 

retirement assuming different buildouts of utility-

scale solar + storage resources.  Each case is analyzed 

across 1,008 random draws (replications) of 

chronological dispatch, representing 21 years of solar 

data and 48 unique outage draws for each year of solar 

data. The output of each analysis includes the number 

(probability), the magnitude, and the duration of 

capacity shortfall events that might occur when there 

are not enough available resources to serve load. An 

example of this process is provided in Figure 1. 

 

This methodology was repeated across 27 cases 

which evaluated a range of three solar + storage 

levels: 39 MW (Mililani), 89 MW (+Waiawa & West 

Oʻahu), and 139 MW (+Hoʻohana); three peak load 

levels: 1085 (2022 data), 1150 (IGP), and 1215 MW 

(2017-2019 data); and three forced outage rates: 7.5 

(2015-2019), 11 (midrange), and 15% (2020, 2021). 

Each of these cases was evaluated with and without 

the Kapolei battery for a total of 54 scenarios. 

 

Unlike the results provided in 2021 which were 

predicated on a single estimate of forced outage rates, 

system load, and replacement schedules, this analysis 

was reported in a manner that allowed a user to select 

any level of solar, forced outage, and load plus KES 

operability for any given month to calculate key 

resource adequacy metrics (LOLE, LOLH, EUE, 

etc.). The resulting customizable tool was provided 

to key stakeholders participating in the 

Governor’s Powering Past Coal Task Force to 

Figure 1. Example of Loss of Load Hours by Solar Years and Outage Draw. 

https://www.hnei.hawaii.edu/wp-content/uploads/2021-HNEI-Annual-Report.pdf
https://www.hnei.hawaii.edu/wp-content/uploads/2021-HNEI-Annual-Report.pdf
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allow for ongoing evaluation of results as new data 

arises and timelines of resource construction projects 

change. 

Results of the 54 evaluated cases are provided in the 

matrix in Figure 2, which shows the loss of load 

expectation (measured in average days of capacity 

shortfall in a year) across a range of solar + storage 

replacement, load levels, forced outage rates, and 

with and without the KES battery. Higher numbers, 

highlighted in yellow and orange, represent 

conditions with high risk. 

 

 
Figure 2. LOLE (days per year) for 2023 evaluated across 

54 scenarios. 

 

One example of the results converted into a monthly 

forecast is provided in Figure 3. This was developed 

assuming the current schedule of replacement 

resources (as of November 2022), and load returning 

to pre-pandemic levels by Fall of 2023.  

 

These results indicated that resource adequacy risk 

will remain elevated relative to historical norms 

(Reference Point) until replacement resources start 

coming online in April 2022. By Fall 2023, reliability 

is at or below historical norms, even with a large 

return of load, in all cases but the high forced outage 

rates. 
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Figure 3. Expected monthly loss of load expectation based on current proposed schedules and returning load. 
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OBJECTIVE AND SIGNIFICANCE: This study was 

intended to inform ongoing procurement and 

proposed legislation for both variable and firm 

renewable energy. It seeks to determine the minimum 

amount of firm power that the system would require 

at various levels of wind, solar, and storage additions. 

This will also inform decisions on whether to 

integrate more variable renewable energy today, 

considering that these decisions may shut the door on 

future options. This information can be used to 

determine characteristics of future systems to inform 

decisions on oil-fired power plant retirements, 

procurement of new resources, and to show how 

robust the system can be with variable renewable 

energy and storage alone. 

 

KEY RESULTS: The results of this study help frame 

the ongoing discussions, debates, and planning 

related to the role of firm renewable energy. The 

findings indicate that on Oʻahu, even with very high 

penetration of  energy from variable renewable 

energy and storage grid (e.g. over 70% by energy), 

there is a need for firm capacity of 600-750 MW. 

While the need for capacity remains, the use of these 

systems decreases significantly as the penetration of 

the variable generation increases. In this future clean 

energy system, these resources would run sparingly.  

However, when they do run, it could be for multiple 

consecutive days at a time. This detailed analysis of 

firm energy need will help identify potential 

resources to provide this unique grid service and help 

inform recommendations for policymakers, 

regulators, and grid planners related to the long-term 

role of firm renewables. 

 

BACKGROUND: Despite the growth in wind, solar, 

and battery technologies over the past ten years, there 

is increased interest in firm renewable energy 

technologies in Hawaiʻi and the power industry in 

general. This is being driven by several factors, 

including resource saturation, resource diversity, 

reliability, and agricultural and forestry sector 

objectives. 

 

In the 2022 legislative session, the Hawaiʻi State 

Senate and House of Representatives introduced a 

series of bills that sought to promote – and in some 

cases mandate – increased adoption of firm renewable 

energy. For example, HB 1611 and SB 2510 proposed 

to establish a state energy policy that requires at least 

33.3% of renewable energy be generated by firm 

renewable energy and imposed limits on any one type 

of renewable energy source. While these laws are not 

in statute today, there is continued interest in firm 

renewable energy and likely the topic of future 

legislative sessions.  

 

In addition, on March 1, 2022, Hawaiian Electric 

issued a request for proposals (RFP) seeking 

proposals to acquire 500 to 700 megawatts of energy 

from firm renewable generation resources on Oʻahu 

with a targeted online date between 2029 and 2033. 

According to HECO, “While solar and wind energy 

resources will help us hit our near-term clean energy 

milestones, we’ll also need firm renewable resources 

available for customers when the sun isn’t shining, or 

the wind isn’t blowing.” 

 

The RFP also states that the objective of the firm 

renewable procurement is to ensure that “sufficient 

firm capacity must be available during periods of low 

wind and solar production. Modernizing the ageing 

fossil fuel generation fleet (some of which are over 75 

years old) by adding new renewable firm generation 

is consistent with decarbonization goals and policies 

as new firm generators will be installed alongside 

significant quantities of low-cost renewables to 

ensure reliability and resilience, resulting in overall 

reductions in carbon emissions.” 

 

PROJECT STATUS/RESULTS: Given the recent 

legislative actions and proposed firm renewable 

procurements by the utility, HNEI conducted a series 

of analyses to identify the amount of firm renewable 

capacity that may be required in Hawaiʻi. The 

analysis was first conducted for the island of Oʻahu, 

and later expanded to evaluate needs statewide.  

 

In order to quantify potential firm renewable needs, 

the study team developed a simplified screening 

methodology that was verified with robust 

probabilistic resource adequacy and detailed 
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Figure 1. Five-step screening methodology to calculate firm renewable needs. 
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operational modeling of a specific resource mix. The 

screening methodology was conducted in a five-step 

process (Figure 1 on the previous page).  

 

The study team developed a limited number of 

potential future variable-renewable resource mixes 

able to provide up to 90% of the island’s energy 

needs. This was done by varying the amount of solar 

+ storage and offshore wind resources in 1,000 GWh 

per year intervals. These scenarios were then 

evaluated without the existing oil capacity on the 

system to estimate the remaining amount of capacity 

and energy needed after maximizing the use of the 

solar, wind, and battery energy storage. These firm 

energy additions were assumed to be always available 

and perfectly flexible allowing them to operate in a 

manner which would minimize the total capacity 

additions while meeting the needs of the system.  

 

The scenarios and perfect capacity resources were 

modeled across 21-years of weather resources (which 

represented historical weather conditions from 1998-

2018) for the solar and offshore wind resources. The 

model was evaluated across all hours of the year in 

the 21-year period, creating dispatch profiles for 

nearly 184,000 hours of chronological operations 

(Figure 2). 

 

 
Figure 2. Representative high and low solar weeks and the 

need for firm renewables. 

 

The results of the simulations were then evaluated to 

quantify system performance and firm renewable 

capacity needs. In particular, the metrics evaluated 

included the amount of curtailment of variable wind 

and solar resources, as well as the utilization of the 

perfect capacity resource. For the perfect capacity 

resource, particular attention was given to the 

maximum dispatch of the unit which implies the 

overall capacity need. Operational metrics like 

number of starts, ramp needs, operating hours, and 

capacity factor by incremental block were also 

evaluated. Cost metrics were also incorporated as 

proxy values for the perfect capacity resource – as if 

it was provided by the existing oil-fired generating 

mix or a future firm renewable resource mix. 

 

Results of the analysis are provided in Figure 3 on the 

following page which compares two resource 

portfolios at various levels of variable renewable 

energy. Only the maximum dispatch of the perfect 

capacity resource is shown, illustrating the aggregate 

capacity need of 500-750 MW, depending on the 

amount of variable renewable energy and battery 

energy storage on the system. These values can be 

used as a proxy for the firm renewable resource needs 

of the system. This clearly shows the relationship 

between increasing variable renewables and storage 

capacity to the diminishing needs for firm renewable 

capacity. 

 

 
Figure 3. Firm capacity needs at increasing levels of 

variable renewable energy. 

 

However, the analysis also investigated that even at 

very high penetrations of variable renewable energy 

– reaching almost 95% of annual energy – there is still 

a substantial need for firm capacity of between 500 

and 700 MW. This is approximately 50% of the 

system’s peak demand and emphasizes the point 

discussed previously that there are diminishing 
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returns associated with additional variable renewable 

energy at high penetrations. 

 

The analysis was also repeated at various levels of 

electric vehicle integration. The results indicate that a 

20% increase in EV charging during peak demand 

periods would only increase the firm renewable 

requirement by approximately 50 MW, which would 

increase to an approximately 250 MW increase in the 

60% EV peak charging scenario. In addition, the 

differences between the charging profiles were 

relatively modest. While daytime charging is slightly 

better than peak demand or overnight charging 

profiles, there is relatively little difference between 

the time of charging and the additional firm 

renewable capacity needed. 

 

The reason for this is twofold; first the system is 

largely energy constrained rather than capacity 

constrained. As a result, the firm renewable needs are 

largely driven by low wind and solar days rather than 

hourly demand. Second, there is a significant amount 

of grid battery energy storage assumed in these 

portfolios, and thus plenty of flexibility to move 

energy from one time of day to another. Overall, 

while EV adoption rates would change the total 

amount of renewable energy needed to reach the 

state’s renewable energy targets, but the timing of EV 

charging has a relatively modest impact on overall 

firm renewable needs for reliability. 

 

The analysis concluded with an evaluation of specific 

firm renewable technologies that may play a role in 

meeting the system’s firm capacity needs. This 

included a review of biomass and biodiesel, 

geothermal, OTEC, hydrogen, and long duration 

storage resources. Each resource was discussed based 

on technical potential, feasibility, and land use 

considerations.  

 

This study is intended to be a preliminary analysis of 

the potential firm renewable needs for the future 

Oʻahu system and to help inform proposed legislation 

and utility procurements. In the light of the Hawaiʻi 

State Legislature’s efforts (through SB 2510) to 

require a minimum amount of firm renewable energy, 

ongoing work will be continued by HNEI to inform 

on the appropriate levels of firm renewables that may 

be required. A more complete reporting of these 

results is expected prior to the start of the 2023 

legislative session. In addition, as the utility’s Stage 3 

RFP and Firm Renewable RFP continue to progress, 

additional analysis can be conducted on specific 

portfolios and resource types. 
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