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Energy Storage critical for flexible, efficient grid.

o
=
)

['l'u::ﬂ-}'C -l

Centralized
Electricity Producers

Electric Power Grid

RTO/I1SOs 8 State Regulators

Coordinates, controls and monitors . . .
transmission grid and wholesale Regulation of vertically integrated
utilities

States/Territories

Electrical Energy Storage —bi-directionally
capable of consuming and producing specific
amounts of electric power as it is made available

at specific times; e.g batteries, flywheels,
supercapacitors, pumped hydro, etc.
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Primary Objective of OE Energy Storage Program

Reducing Cost while quantifying entire value stream

The Cost of a Storage
System depends on the
Storage Device, Power
Electronics, and Balance
of Plant

The Value of a Storage
System depends on
Multiple Benefit
Streams, both monetized
and unmonetized
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OE Energy Storage Program
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Industry Acceptance

through Demonstrations

Objectives

* Materials and chemistry

Systems and manufacturing
Cost reduction
Expanded applications

Lab testing

Codes and standards
Expected lifetime
R&D Improvements

Policy analysis
Valuation methods
Resolution of benefits

Stakeholder engagement
Proving success
Seamless integration
Consumer benefits
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[] Cost Competitive Technologies

Historical Look at V/V Flow Battery Research

$615/kWh PNNL: Higher Performance Electrolyte and Stack
<v\"'6'ther Sandia: Lower-cost Membrane
g Ch;';‘;:a's ORNL: Transport and Degradation Phenomena
-
Membrane PCS |
42% | Felt 7%

11%

$275/kWh
| 59% of
. 8% 1?’% current cost
3 new companies, a% N ... associated
10 commercial licensees for 16% i with
materials and stack design across Vanadium
national labs
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[] Cost Competitive Technologies

Three Focus Technologies

1) Redox Flow Batteries

* Development of water soluble organic materials to replace vanadium can
lead to systems at ~ $100/kWh
2. Zn-MnO,

* Primary Alkaline battery materials ~ $25/kWh, low-cost materials and
installed manufacturing base if we make fully reversible and durable.

3. Na based batteries

* Na-ion — utilizes existing Li-ion capacity with lower cost materials if
performance can be improved. Potential for > 30% reduction in cost over
Li-ion

 Na-metal — Resolving materials and manufacturing issues to target <
$140/kWh
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- Safety and Reliability

nergy Storage Safety

SAFETY COLLABORATIVE

Research
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Codes and Standards

Sandia
National
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Energy Storage Systems Safety Roadmap
DOE OE Focus on Codes and Standards - August 2018

The goal of the DOE OF Energy Storage System Safety Roadmap' is to
foster confidence in the safety and refabilty of energy stofage systems
There are three interrelated objectives (o support the realization of that
goal. research, codes and standards and communication/coordination. The
objective focused on codes and standards is.

To apply research and deveiopment to support efforts that

are focused on ensuring that codes and standards are

availabie to enable the safe implementation of energy

IEEE 1635-1/ASHRAE Guideline 21-
18, Guide for Ventilation and
Thermal Managemen of Barteries for
Stationary Applications has.
approved.

Public comments received on NFPA
1.can be accessed at

storage systems in a non-dis
and science-based manner.
The following activities support that objective and realization of the goal
a. Review and assess codes and standards which affect the design,
installation, and operation of energy storage systems (ESS)
b. Identity gaps in knowledge that require research and analysis that
can serve as a basis for crteria in those codes and standards
¢ Identfy areas i codes and standards that are potentially in need of
revision or enhancement and can benefit from actvties conducted
under research and development
d. Develop input for new of revisions 1o existing codes and standards
through individual stakehoiders, faciltated task forces, or through
laboratory staff supporting these efforts.
The purpose of this document s to support the above activities by providing
information on efforts being conducted by U S. standards developing
organizations (SDOs) and other entities that are focused on ESS safety
The information is organized refative to the scope of each document and

Time: 139.595814

i s
standards/all-codes-and-
SIANGArgS I1Si-0f-Codes-and-
105 Getaiizcode=14iab=nexte
dron and wilbo considered at the
first draft meeung September 18 and.
19,201

The first draft reports for NFPA 1075,

comments with a closing date of
October 31, 2018.

A drat of CSA C22.2 No. 340-201,
Batrery Management Systems, is
Deing developed. Contact Ryan
Franks (see C

‘about participavon.

energy storage systems from the “macro 1o the mICTo" (€9, rom overarching covering considerable scope to

coverng a single System component of an energy storage System). Note also hat more Macro documents are likely

to adopt by reference more micro documents.

Changes in current activity fr
having a scheduleidue date)

in bold type and highlighted in yeliow.

Modeling of fire
propagation in ESS :

Codes and Standards — the built en

smplete

ponents associated with the ESS.

+ Codes and Standards for ESS Installations ~ the installation of the ESS relative to other sys

the prior edition are shown In bold ftalics. Time-sensitive items (¢.g., those

Overarching Cs for ESS [
s Installation Components

ironment at large that includes but is not limited to ESSs.

ms and parts

! DOE OF Energy Storage Systems Safety Roadmap, PNNL-SA-126115 | SAND2017-5140 R hitps:#waw sandia goviess-

ssUpUOCAloNS/ED age. SAIENTOA0MAD 201701

Monthly CSR

newsletter

> 100 individuals and
organizations involved in
various safety workgroups

Education/Outreach

2018 Energy Storage
Systems Safety and
Reliability Forum
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000 Safety and Reliability
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Individual cell testing

NMC (3.2Ah) NMC (3.0Ah)

f' T

At

kW module testing

ESS Reliability Needs

1. Want “predictive” understanding
of ESS lifetime, performance, and
availability under grid duty cycles

. Independent validation of
performance

Il. Supported Field Testing
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Il Regulatory Environment

H OSt@d Energy Storage
e 2015 PNW PUC WorkShOp Regulatory Activities
° 20 16 SW P U C WO rkS h o) p Funded by the Department of Energy, Office of Electricity

e 2017 WECC Seminar

* Providing Technical Support to
Commissions in 6 States advancing
energy storage.

g (AII ES Policies .) (Demonstration Programs )
( Procurement Targets ) (Financial Incentives )
(Regulatory Requirements ) (Consumer Protection )

Energy Storage Policy Database

1-day Energy Storage Seminar for
(WECC) and the State PUC’s within

WECC. :
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@ Industrial Acceptance

Supporting Deployment and Valuation of 45MW - 135 MWh of
Energy storage at 22 sites.

1.) Procurement and
Commissioning

; Energy Storage Values

2.) Valuation and Optimization

SANDIA REPORT | CATEGORY 1
SAND2016-8544 0 Unlimited Release Cu:
sl stomer
Printed September, 2016 Bulk E!-.,"" Anl:il_lary T .- i Distril i i Energy M: I
Services 1 Services 1 Services 1 Services Services
Beneficiary: Beneficiary:
Energy Storage Procurement UTILITY CUSTOMER
Guidance Documents for Municipalities $400
Daniel Borneo (SNL) Max
With contributions from
CESA/CEG: Todd Olinsky-Paul, Maria Blais Costello, and Sarah Galbraith
Bright Power: Henry Misas and Nick Turchak
Prepared by S $300 ~ Max
Clean Energy Group L . ™
Clean Energy States Alliance T Max =
=
- Max
=
“
w - M Thth
L $200 =
— Man
< Mac N
i
o == =
= = =1
5 o800+ . T
= Max, -
2 25 L Maxc
T = £
ia National Laboratories = = [ £
@ Sandia National [ E . =4 . =i
S — X Al
50 s T Nin. Wi, Win. T i T " T = T Wi, T M. =
Capacity  Arbitrage  Regulation Spin/ Voltage Black Frequency  Trams. Trans. Dist. Power  Time-of-Use  Demand
Non-Spin  Support Start Response  Congeston  Upgrade  Upgrade  Reliability  Energy Charge
Reserves Relief Deferral Deferral Cha Reduction
Reduction |

* Market Optimization
 Avoided Cost Consideratio
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@ Industrial Acceptance — Example

Sterling, MA: Microgrid/Storage Project

S1.5M Grant from MA Community Clean Energy Resiliency Initiative
Additional DOE-OE Funding, Sandia Nat. Laboratories Analytics

2016 Dec. till 2017 Nov.
Actual Savings:

Arbitrage $11,731

e Monthly Peaks $143,447
‘ < ~—H| * Annual Peak $240,660
e B - Total $395,839

Sterling, MA, Dec. 2016, 2MWh
Oct. 2016, NEC, Li-lon Storage, SMW PV

Estimated Payback — 6.7 years

2018 Heat Wave: additional S125K realized in avoided
payments!!
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@ Industrial Acceptance — Example 2

AVISTA Turner Energy Storage Project

1MW — 3.2 MWh battery at SEL campus
Benefits Evaluated

1. Capacity-resource adequacy

2. Energy arbitrage

3. Regulation up/down

4. Conservation voltage reduction

5. Outage management of critical
loads, including addressing voltage sags

From utility perspective, benefits fall far
short of the revenue requirements for
the Turner ESS; benefit-cost ratio is 0.2

$7,000,000

Required Revenue
$6,000,000
$5,000,000

$4,000,000

$3,000,000
Utility
Benefits

$2,000,000

$1,000,000

I
o L

® Capacity Arbitrage and Regulation m Conservation Voltage Reduction m Revenue Requirements

G Advanced Grid
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@ Industrial Acceptance —

Example 2

AVISTA Turner Energy Storage Project

1MW — 3.2 MWh battery at SEL campus
Benefits Evaluated

1. Capacity-resource adequacy

2. Energy arbitrage

3. Regulation up/down

4. Conservation voltage reduction

5. Outage management of critical
loads, including addressing voltage sags

Reliability to SEL generate additional 9.5
million in benefits improving overall
benefit-cost ratio to 1.79

$12,000,000

Total Benefits
$10,000,000
$8,000,000
Required Revenue
$6,000,000

$4,000,000

$2,000,000

- S

Benefits Revenue Requirements

W Capacity Arbitrage and Regulation ® Conservation Voltage Reduction|

B Revenue Requirements W Customer Reliability

G=wd Advanced Grid
g H Research
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@ Industrial Acceptance — Example 3

Lummi Island
/ $4,000,000 o .
e Utility Benefits Costs
Lummi Island ;@;
- % 53,000,000 _
Trans.
Orcas Island
Iga
Roche o " submarine $2,000,000 Deferral
Yacht Haven Smissi
o e Tranggmsswn Cables, .
S?;;#ljan Guemes Island Sl’OOO'OOO
Lopez Island
De‘ca‘\aslind. Anacortes S_ .
Lopez Island Benefits Costs
Load Shaping Charge Reduction B Demand Charge Reduction
Mainland Fldlgo)slagd B Transmission Charge Reduction m Volt-VAR/CVR
s oo gdaen Snee Oc W Transmission Deferral W Energy Losses
WaShmgtOﬁ M Energy Storage System Rate Impacts M Lost Revenue
s . . d M Gen Set Cost Avoidance Outage Mitigation
Transmission Cable Map from Fidalgo Substation in
Anacortes to Decatur and Lopez Islands

0.5 MW / 2 MWh Redox Flow Battery to reduce

ot * Transmission Deferral for 3.65 years
peak demand on transmission cable.

Integrated with 504 kW Community Solar. * ~S1M in lost revenue from Community
Benefits Analyzed Solar calculated into Utility costs.
- 2Ceaiet renvinioh « Additional $0.4M in outage mitigation

5 d shapingchalge redyction to the island not included in analysis.

* Transmission charge reduction
* Transmission cable deferral

» Conservation voltage reduction == Advanced Grid
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OE Energy Storage Program Recap
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Industry Acceptance
through Demonstrations

Objectives

* Materials and chemistry

Systems and manufacturing

Cost reduction
Expanded applications

Lab testing

Codes and standards
Guidebooks

R&D Improvements

Policy analysis
Valuation methods
Resolution of benefits

Stakeholder engagement
Proving success
Seamless integration
Consumer benefits
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OE Energy Storage Program Engagement Map

o8

Pacific
Northwest

Utility Partners
AL, AK, AZ, CA, CO,
MA, HI, NM, NY, OR,
TN, VT, WA, VA

University Partners
AK, CA, KY, MA, MI,
MO, NC, NM, NY, OH,
PA, SC, SD, TN, TX, UT,
WA, WV

Regulatory
Engagements
CA, HI, NV, OR, UT, WA

Laboratories

Advanced Grid
Research
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OE Energy Storage Program
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Researchers

State
Regulatory
Support

Use Case
Evaluation

Performance
Protocols

Power
Electronics

Safety Codes
and Standards

Reliability

' Test

a

o Center

Materials Prototype Device Deployment

17

Storage System

e Advanced Grid
B Research

&7 OFFICE OF ELECTRICITY

i US DEPARTMENT OF ENERGY



OE’s Holistic Approach to Technology Development
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SAFETY COLLABORATIVE

Informing RFB
Code Development
for NFPA, UL, IEEE

Commissioning

IECTC 120
Low-cost Prototype Use —Case Evaluation
membrane
Materials Prototype Device Deployment
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Thank You
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