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I want to thank the organizers of this important gathering, Chris Rose and Stephanie Nowers, for putting on the table one of the foundational elements of an energy transition – energy storage systems.  Before we get into the heart of the discussion, I’d first like to briefly introduce the Hawaii Natural Energy Institute or HNEI, where I have been a Faculty Specialist since December of 2016. 
HNEI was founded as an organized research unit of the School of Ocean and Earth Science and Technology, University of Hawaii at Manoa in 1974, and established in statute in 2007 to be the technical lead on Hawaii’s energy transition and to support similar work throughout the world. 
As a Hawaii state institution, we work closely with the Hawaii State Energy Office and the Hawaii Public Utilities Commission - as well as with businesses and energy stakeholders. 
We have a diverse staff including engineers, scientists, lawyers; students and postdoctoral fellows seeking solutions to renewable generation, transportation, alternative fuels, grid integration, and policy and innovation.  
At HNEI, our work is based on the notion that technological innovation and public policy are foundational elements of any energy transition.  By energy transition, I am talking about a multilevel and purposive intervention to replace or modify an existing energy ecosystem with renewable energy resources, a modernized energy grid (i.e. smart grid), storage infrastructure and governance. 
I lead our energy policy practice that strives to merge energy policy development and support with the research, design, deployment and demonstration (RDD&D) of new and improved technologies to efficiently manage change within a complex, integrated energy business system. Whether policy is intended to be a driver of technological innovation or a facilitator in removing institutional inertia that is blocking technological change, HNEI applies an analytical framework to appropriately align public policy and technological development beneficial to Hawai‘i and society at large.



Energy Storage Technologies by 
Discharge Time, Size, and Use 

(Source: Electric Power Research Institute)
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That said, it is my work at HNEI and previous experience as Hawaii’s Energy Administrator that gives me perhaps unique insight which I’ll share with you today on how Hawaii has introduced Battery Energy Storage Systems (BESS) and the context for using BESS – which is primarily to support high levels of renewable generation as we work towards our nation-leading 100% renewable energy portfolio standard (RPS).  
An October 2019 California ISO Energy Storage Discussion Paper cited the measurable amount of global energy storage at about 188 GW, which includes approximately 1,300 operational grid energy storage projects.  The United States is the leader in installed capacity of grid-level storage with 40 percent of the world’s operational projects and 27 percent of projects under construction.   I consider California and Hawaii examples are important because their leadership in BESS is directly correlated to their high penetrations of renewable energy.   Today, I’ll concentrate on Hawaii, with high concentrations of Lithium Ion BESS, which as you can see in this graphic, is primarily focused on solving for issues related to distribution system support (as in Hawaii) and supporting customer and industry needs in EVs and managing power control systems in high-renewable applications such as peak shaving. 



Hawaii – Energy Storage Policies, Regulations & Market

Kauai Island Utility Cooperative (KIUC) Current 
& Under Development Generation & BESS
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KIUC, the electric utility cooperative that serves the island of Kauai with a peak demand of approximately 80MW, has aggressively pursued fulfillment of its commitments under Act 97 (2015).  In 2019, KIUC achieved more than half of its 2045 commitment by generating its electricity from a mix of solar, hydropower and biomass renewable resources as you can see in the figure.  KIUC estimates that its fuel oil and naphtha usage declined by nearly 20 million gallons annually as a result of its renewable generation. 
On any given day, KIUC estimates that 90 percent or more of Kauai’s daytime energy needs are met by renewable sources. KIUC has also reported that it routinely operates on 100 percent renewables for five hours or more on sunny days.   Installed solar resources on Kauai currently consist of 64 megawatts of utility scale PV and 31 megawatts of distributed (rooftop) PV.  In pursuing its renewable agenda, KIUC’s utility-scale solar fields now contain BESS that have improved system reliability by 50 percent over the past 10 years.  KIUC estimated that in 2019 it achieved a savings of $3.8 million from its utility-scale solar and battery resources compared to the average cost of diesel.
KIUC became a global leader in utility-scale BESS when it began operations of the world’s first utility-scale solar plus BESS generation facility in March of 2017.  Installed by Tesla, the 13-megawatt PV array is supported by a 52-megawatt hour battery storage system that allows storing nearly all the solar energy during the day and dispatching it over a four-hour period during peak demand periods in the early evening. 
KIUC was recognized by the Smart Electric Power Association (SEPA) in 2018 and 2019 as the top utility in the nation for energy storage watts per customer.  This is nearly 8 times the per capita storage capacity of KIUC’s nearest competitor.   In 2019 KIUC was also recognized by SEPA as second in the nation for annual gross megawatts of energy storage capacity, behind Southern California Edison. 



Energy Storage Costs
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Hawaii’s largest utility is Hawaiian Electric Company or HECO.  In HECO’s Power Supply Improvement Plan (PSIP) which serves as its integrated resource plan, adjustments to BESS prices and costs were based on "duty cycle" of the BESS, which influences certain design parameters including the spacing of cells to better dissipate heat (longer duration storage requires more spacing, resulting in larger footprints) and air conditioning requirements. More frequent and deeper discharge of BESS requires replacement of battery cells more often in order to maintain output.  It should be noted that some vendors engage in the practice of oversizing the battery from the start, which may result in the BESS output declining over time to the customer’s specified output requirements as the batteries degrade.   Some BESS manufacturers may provide warranty wraps where they replace cells as they degrade so that the desired output is maintained.



Oahu Near-Term Resource Plan (Source: 
Hawaiian Electric Company)

Presenter
Presentation Notes
On the island of Oahu, where 70 percent of Hawaii’s population resides, HECO developed an Oahu Resource Plan (2017–2021) under the PSIP as seen in the figure.  The final Oahu 2017–2021 Resource Plan incorporates elements of two different scenarios (E3 Plan and Post-April Plan) that were similar in high estimates of distributed generation PV and rates, but different in estimates of off-shore wind and regulation BESS.  Among the variations, the Post-April Plan incorporates 30 MW of additional grid-scale onshore wind and 100 MW/1hr regulation BESS in 2020 and 100 MW of PV in 2021. Because the 100 MW of PV in 2021 exceeds the transmission capacity constraint for Oahu, HECO had to conduct further analysis to determine the precise amount and location of grid-scale PV to be specified through the RFP process. The 30 MW of additional grid-scale onshore wind in combination with the 100 MW per one-hour regulation battery appears to provide cost benefits and increases the amount of renewable capacity that can be interconnected, assuming the off-shore wind is economical and socially accepted.  Non–transmission alternatives were considered as options to the transmission upgrades.  In addition to BESS, options HECO noted for consideration are internal combustion distributed generation (DG), demand response (DR), and synchronous condensers. 



HECO Solar + BESS projects approved 
by the Hawaii PUC 

(Source: HECO website)
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Assuming all of the new BESS projects that have been approved by the Hawaii PUC (as seen in the figure) are deployed and operating by mid-2021, Hawaii may have the distinction, at least for a short while, of having the highest installed capacity of BESS in the world.  Other BESS distinctions afforded to Hawaii include:
Having the top-listed utility (KIUC) for Annual Energy Storage Watts-Hours Per Customer (Wh/C) in the United States (2019 Utility Energy Storage Market Snapshot – Smart Electric Power Alliance (SEPA)
Having 3 utilities in the top 10 with Kauai Utility Cooperative coming in second place to Southern California Edison (2019, SEPA’s Utility Energy Storage Market Snapshot)
Having 2 utilities in the top 10 for Annual Energy Storage Capacity (MWh) with Kauai Utility Cooperative coming in second place to Southern California Edison (2019, SEPA’s Utility Energy Storage Market Snapshot)



Two Distinctive Policy Approaches
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Recent NREL and HNEI analyses that probed into the types of battery storage that are most valuable for a particular power system and what type of storage is valuable for dealing with high penetrations of renewable energy yielded some important takeaways:
Fundamentally, most power systems do not yet need storage to integrate larger amounts of variable renewable energy and economic benefits increase as variable renewables increase as seen in the figure.
“Stand-alone” energy storage for renewable integration is not typically cost effective, yet.
Storage applications need to consider duration, location, and ability to combine and monetize multiple services
Storage is increasingly cost competitive for short-duration ancillary services, and long duration applications that combine some elements of capacity, energy and transmission services
As renewable penetration increases, this increases the value of storage, and storage becomes an increasingly valuable tool for renewable integration

These were among the findings in a 2017 Battery Energy Storage Analysis White Paper, in which HNEI and GE Energy Consulting explored when it is economical to add BESS based on different penetration levels of wind and solar in Oahu, Hawaii.   The study looked at the economics of storage in two scenarios - a high wind and solar scenario (50% W&S), and a lower wind and solar scenario in which wind and solar serve approximately 20% of annual load.  The economic value of five BESS configurations with varying power ratings were compared between the two scenarios evaluated.  It can be seen in the figure that net benefits increase for all configurations with increasing wind and solar.  A 20% wind and solar scenario had a benefit-cost ratio less than 1.0 and was not economical while a second was barely economical.  To repeat, among the key findings of the study is that energy storage can be economical in some, but not all, configurations and economic benefits increase as wind and solar penetration increases.   
While this generally remains true, a final takeaway is that as storage costs continue to decline, BESS may well become economical in most cases to support the transition to extremely high rates of renewable penetration.
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Thank you! !

Mark B. Glick
Lead, HNEI Policy Practice

mbglick@hawaii.edu

hnei.hawaii.edu
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It was a pleasure to be with you this morning.  I’m looking forward to rest of the proceedings and a time in the not-too-distant future when I can again return to the land of the midnight sun. 

Aloha

mailto:mbglick@hawaii.edu
http://www.hnei.hawaii.gov
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