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\gg/ Summary of FY19 OE Enerqgy Storage Accomplishments at PNNL

Pacific - Delivered impactful S&T advances in OE’s four strategic
Northwest
AAAAAAAAAAAAAAAAAA thrust areas for Energy Storage

1) Cost Competitive Technologies (David Reed/Wei Wang)
2) Safety and Reliability (David Reed)
3) Regulatory Engagement (Jeremy Twitchell)

4) Industrial Acceptance (Patrick Balducci)




\%’/ 1.) Cost Competitive Technologies

Pacific

Northwest - continued focus on 3-pillar technologies
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\%,/ 2.) Safety and Reliability

Pacific - Moving from cells to module investigations
Northwest

NATIONAL LABORATORY
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%/ 3.) Requlatory Environment

Pacific - Providing technical assistance to regulatory stakeholders

Northwest

NATIONAL LABORATORY

Storage and IRP process

Review of 21 utility IRP’s
involving energy storage

State ESS Policy Database/ Policy Reviews

Energy Storage

https.://enerqystorage.pnnl.qov
/requlatoryactivities.asp

Regulatory Activities

Funded by the Department of Energy, Office of Electricity

[ENERGY STORAGE (M KINTNER- MEYER, SECTION EDITOR) ® 1
. .. . Chack for
A Review of State-Level Policies on Electrical Energy Storage Updates

Jeremy Twitchell'

Published aniine 22 Aged 2019
T The Authods) 2019

Abstract

Purpose of Review Since California adopted its energy storage mandate in 2013, 14 ofher stites have developed energy siorage
policies designed to encourage adoption orreduce barriers. This paper reviews those efforts 1o identify what types of policies are
being developed, fie underlying g osls and rationsle behind different approaches, and the early outcomes of those policies
Recent Findings Stute activity related to energy storage has accelerated in recent years, and numerous policies have emerged.
Generally, those policies ke one of two facilitating i ience with energy siorage by ensuring its
presence on the grid, or ensbling fiture deployments by removing or reducing barriers. Through detailed review of st policy
actions, fhis paper explores the drivers, design, and implementation of these five specific types of energy swrage policy.
Summary A taxanomy of state policies related to energy storage is presented, as well as recent research findings that support the
different approaches and specific ecamples of how, where, and why those policies have been implemented. Finally, early impacts

[ states Included in Report

- of these policies are considered.

ok ( All ES Policies .) (Demnnstration Programs

(Pmcurement Targets ) ( Financial Incentives

(Regulatory Requirements ) C Consumer Protection

A Review of State-Level Policies on Electrical
Energy Storage. Curr Sustainable Renewable
Energy Rep (2019). 6: 35.
https://doi.org/10.1007/s40518-019-00128-1.

Keywords Energy storage - Integrated resource plan - State energy policy - Energy regulation - Storage man date

Introduction

Two defining chareteristics of enerzy storage are ite flex-
ibility and scalability. Energy storage devices can respond
instantly 1o grid changes and ean be sized to provide ser-
vices behind the customer’s meter, at the distribution sys-
tem, or at he bulk power system. Those characteristics,
however, do not neatly fit within traditionally defined
uiility functions such as generation, transmission, and dis-
tribution, and integrating energy storage into traditional
regulatory structures has boen challenging as a result [11.

In temitories that belong to com petitive, regional mar-
kets, generation investment decisions are driven by mar-
ket signals. In those markets, the Federal Energy
Regulatory Commission {FERC) has issued several orders
in recent years that colleetively aim to align market struc-
tures with the capabilities of energy storage.’

¥ Sec FERC Order 755, Order 792, Ormler 841, and Order 345,

This ridle is part of the Topical Collactiom on Encrgy Srage

1 Jeremy Twitchell
jeremy mwichell@ sl gov

' Pacific Nomhwest National Laboratory, 302 Baselle Boukvasd,
Richlnd WA 99354, USA

Oumside of those markets, however, vertically integra-
ed wilities mske investment decisions with input from
inte grated resource plans (IRPs) or similar planning activ-
ities. Those plans inform utility investment decisions by
identifying resource values based on the wility’s needs
and system chameteristies.

Traditional models that wilities use in TRPs, however, gen-
erally lack the ability to capture resource benefits at a sub-
hourly scale or at the distribution and customer levels, mean-
ing that many of the flexibility and locadonl benefits of en-
ergy sorage are not captured in the resource planning process.
To develop models that account for fhose benefis, u lities and
regulators must first enderstand what those benefits are and
how they interast with one anomer [204]. As ilities beter
understand the vahses of energy storage and ascount for them
in resource planning, they are more likely © identfy energy
storage as part of a cost-+flictive resource pontfolia [3].

‘Where utlities do not have access to competitive markets
to guide cost-cfective siomge deployments, state policies can
provide a substitute by ensuring that he capabilities and
vahues of energy storage are incorporated into regulatory pro-
cesses such as system planning, resource procurement, and
rate design. To that end. states have enacted multiple policies
in mcent years.

Thase policies aredriven by various mecharisms: a gover-
nor's executive onfer, legislation, or a utility commission

AK

Created with mapchartnet ©

http://enerqgystorage.
pnnl.gov/pdf/PNNL-28627 .pdf.



https://energystorage.pnnl.gov/regulatoryactivities.asp
http://energystorage.pnnl.gov/pdf/PNNL-28627.pdf
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‘%’/ 4.) Industrial Acceptance

Pacific
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WA CEF | Completion

Utility Chemistry Rated Power Rated Energy
(MW) (MWh)

Everett
MESA2

Everett
MESA1

Glacier

SnoPUD MESA 2

All vanadium 1,000 3,200
mixed acid flow

All vanadium 2,200 8,000
mixed acid flow

Lithium-ion LMO 2,000 1,000
& NMC cathodes

LiFePO4 2,000 4,400

PSE Glacier SnoPUD MESA1

Avista Turner BESS

Energy-to-
Power Ratio

E/P

Enabling integration of field deployed

ESS performance parameters into

economic optimization tools.

3.6

0.5

22

Benefit-cost ratio (BCR) of 1.55
for the energy storage system.

75% Transmission Deferral
13% Regulations Services

- Developing tools to better inform economic deployment

Nantucket Island ESS

$160,000,000

$140,000,000

$120,000,000

$100,000,000

$80,000,000

$60,000,000

$40,000,000

$20,000,000

S0

Benefits

M Energy Costs

Transmission Deferral

M Outage Mitigation

m Volt-VAR/CVR

Revenue Requirements and Energy Costs

Benetits of Local and Market Operations (Base Case) vs.

Revenue Requirements




\gg/ Summary of FY19 Technical Output
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12 peer reviewed Journal Articles published.

* Including ACS Applied Energy Materials, Advanced Materials,
Nanoscale, ChemSusChem, ...

* 10 PNNL Technical Reports issued

« WA CEF installation, Nantucket, Hawaiian Electric, ...

« > 100 presentations

« MRS, ECS, ACS, IEEE, Beyond Li-ion, ESA, State Energy and
Utility Commissions, World Bank, US-Korea Clean Energy Policy
Summit, ...

 Professional Societies

 Organized (2) 2018 MRS Fall symposium on ES Technologies

 Organized ECS Symposium on Flow Batteries

* Organized International Collation Energy Storage

 Co-chair IEEE Energy Storage Collaboration Team (ESCT), ...




https://enerqystorage.pnnl.qov/qrid.asp
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Ypes o eries 2019

Facilities
= Mantucket Island Energy Storage System Assessmentﬁ Patrick BEalducci, Jan Alam, Tom McDermott, Vanshika Fotedar, Xu

Highlights Ma, Di Wu, Bilal Ehatfi, Keendall Mongird, Bishnu Bhattarai, Alasdair Crawford, and Sumitrra Ganguli. 2019, PNNL-23941,
Facific Northwest National Laboratory, Richland, WA.

Mews
o = Energy Storage Seminar for Western State Regulatory Commission Staff - Report on Proceedings 'E,JB Twitchell, RS
Publications O'Neil. K Mongird. 2019, PNNL-28060, Pacific Northwest National Laboratory, Richland, WA,
= Hawaiian Electric Companies Demand Response Tﬂﬂli'l Y Yuan, P Balducci, K Mongird, V' Fotedar, D Wu, D Bhatnagar.
2019, PNMNL-28856, Pacific Morthwest Mational Laboratory, Richland, WA,
Grid Energy Storage = Puget Sound Energy Glacier Energy Storage System - An Assessment of Battery Technical Performance TECrawford A, V
) Viswanathan, C Vartanian, K Mongird, J Alam, D Wu, P Balducci. 2019, PNMNL-28379, Pacific Morthwest National Laboratory,
Vehicle Energy Storage )
Richland, WA
Batterya00 . ) . )
= Avista Turner Energy Storage System - Assessment of Battery Technical Performance £,[‘.‘r:en.r.rfmlrd A,V Viswanathan, C
JCESR Vartanian, J Alam, P Balducci, D Wu, T Hardy, K Mongird. 2019. FNML-284380, Pacific Morthwest NMational Laboratory,

Richland, WA

= Energy Storage Technology and Cost Characterization Repurt'z‘, K Meongird, V Viswanathan, P Balducci, J Alam, V' Fotedar,

\ Koritarov, B Hadjerioua. 2019, PNMNL-288456, Pacific Morthwest National Laboratory, Richland, VWA

Energy Storage Policy Database

= Energy Storage in Integrated Resource F'IElns'EI AL Cooke, JB Twitchell, RS O'Meil. 2019. PNML-238827, FPacific Morthwest
Related Links Mational Laboratory, Richland, WA.

Contacts = Snohomish Public Utility District Mesa 2 - An Assessment of Battery Technical Performance 'E,Crawford A, V Viswanathan, J
Alam, P Balducci, D Wu, C. Vartanian, K Mongird. 2019 PMNL-28478. Pacific Morthwest Mafional Laboratory, Richland, Wa.



https://energystorage.pnnl.gov/grid.asp
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