Energy Storage Deployments in Hawal

(ZidSTART

Grid System Technologies Advanced Research Team

Leon R. Roosegsq. Marc M. Matsuura, Pe
Principal & Chief Technologist, BIBART  Sr. Smart Grid Program Manager, GAART

Hawaii Natural Energy Institute
School of Ocean & Earth Science & Technology
University of Hawaii at Manoa
1680 EasWWest Road, POST 109
Honolulu, Hawaii 96822

!i Hawal'i Nntur-i Hawaii Natural Energy Institute

School of Ocean and Earth Scier ind Technolc e
et et . UNlVERslATy of HAWAI'I
ANOA

Energy Storage: What, When, Why, Where and How?

Sponsored by the United States Agency for International Development (USAID)
October 28, 2019
Novotel BangkokPloenchitSukhumvit

Bangkok, Thailand
Energy Storage Deployments in Hawaii | USAEBeening the Gri¢l 1



& T -~

|9 I ISolatiGreéPoses a SerioGhallenge

US Dep!t of State Geographer
> " @ 2013 Gaogle
image © 2013 TerraMetrics
Data SIO, NCAA, US. Navy, NGA, GEBCO

Hawaii ranks #1 in UIS.
electric energy costs:

47.1 cents/kWh Molokai
45.9 cents/kWh Lanai
41.9 cents/kWh Hawaii
37.8 cents/kWh Maui
35.5 cents/kWh Oahu
(Avg. residential rates*fo2014

11-12 cents/k\ U.S. avg.
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Renewable Electricity Potential and Demand by Island, Gigawatt-hours
Source: National Renewable Energy Laboratory, Hawaii Clean Energy Initiative Scenario Analysis, 2012; and DBEDT
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Exceeding Hawail RPS Goals
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/Hawaii RPS Goals\
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2018 STATE RENEWABLE ENERGY GENERATION (GWHS)

Biomass
(Incl. MSW)
439.0
17%
Customer Sited

Utilty-Scal PV
217.0
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Source: Hawaiian Electric and K a u #&sland Utiltiy Cooperative 2018 RPS Reports
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Hawaii Electric Systemeg

4 Electric Utilities; 6 Separate Grids; % Renewdnergy

Kaua_datIsland Utility Cooperative . .
System Peak: 78 MW Maui Electric

86 MW PV* / 7 MW Biomass / 9 MW Hydro Maui System Peak: 202 MW

Installed PV:  110% of System Peak 113 MW PV/72 MW Wind
Installed PV & Wind:

91% of Sys. Peak
Lanadi System Peak 5.1 MW
Kauab o0& ah 3.8 MW PV (75% of Sys. Peak )
dahu .. )

@ 80% of state population Mol okabédi System Peak: 5.6 MW
, 2.2 MW PV (41% of Sys. Peak )

*14 MW Solar under construction

Mol okadi

Hawaiian Electric s~ Maui
System Peak: 1,206 MW O
533 MW PV* / 99 MW Wind / Lanadlg

69 MW WTE / 168 MW Biofuel
Installed PV & Wind:

52% of System Peak

Hawaii Electric Light

System Peak: 192 MW
98 MW PV / 31 MW Wind /

38 MW Geothermal* / 17 MW Hydro
Installed PV & Wind:
67% of System Peak

*110 MW of new central plant PV
without _ storage commissioned in 27.6 %

September, 2019. Add 3% to RPS. .
Renewable Energy Statewide

2018

*Geothermal Plant not in operation
21.5 MW Biomass under  construction
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Rapid Growth in Hosting Distributed P

A PV inverters haveatured
A GridCodes ardey

A Reverse Power Flow is the new normal QH
i ostin
A Manylessonsalready learned; leverageit '\./250% 5T DML Capaci%y
Transient Advanced
Overvoltage Inverters

®.. .,
S @50, 75%, ]
Pren nMoS AY G(GKS S NI & Rnpoewa1zoacr RiP zsiu AP ¢ 4

Daily Minimum

A 15% of circuiPeakLoad Load (DML)
for synchronous generation Circuit Studies energy stotage
Peak Load (2013)
(Pre-2013)
é *DML = Net min load (metered) + 75% of installed PV capa
3 5’ W _ W Hawaiian Electric

99— @ MauiEiectric

& Hawai‘i Electric Light
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DistributedPV CircuiPenetrations in Hawalll

Click here for Map summary

Click here for Street
Check Summary

Maui Electric

Maui System Peak: 202 MW
110 MW PV /72 MW Wind
Installed PV & Wind:
90% of Sys. Peak

Street Check

DG PV capacity = 55% peak load
13% Energy

Wind capacity = 36% peak load
21% Energy

Reverse power flow exists on the G
majority of distribution circuits today < W

PV penetration on some circuits exceed 300% DML
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Hawaii Distributed PV Programs Shifting to Stora

. Battery , Wireless
Program S ISPl Storage Grlql 24P Controllable?| Availability
Rate* . Window )
Required? Required?
Customer  10cents/kWh No Daylight Yes Yes
Grid-Supply
Plus _sEEEEEES S —
- =N
SmartExport 15 cents/kWh f\ Yes 4p.m.to9 a.m) No Yes
Customer N/A No, but N/A N/A No
SeltSupply usually
installed
SIA N/A No N/A No No

Smart Exporcustomers with a renewablgystem (typically rooftop P\And battery energy storage system
have the option to export energy to the grid from 4 p@® a.m. Systemsnust include grid support
technology to manage grid reliability and system performance.
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https://www.hawaiianelectric.com/clean-energy-hawaii/producing-clean-energy/customer-renewable-programs/customer-grid-supply-plus
https://www.hawaiianelectric.com/clean-energy-hawaii/producing-clean-energy/customer-renewable-programs/smart-export
https://www.hawaiianelectric.com/clean-energy-hawaii/producing-clean-energy/customer-renewable-programs/customer-self-supply
https://www.hawaiianelectric.com/clean-energy-hawaii/producing-clean-energy/customer-renewable-programs/customer-self-supply
https://www.hawaiianelectric.com/clean-energy-hawaii/producing-clean-energy/customer-renewable-programs/smart-export

Net Load Curve
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