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Growth in Battery Energy Storage over =7
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U.5. Annual Energy Storage Deployment Forecast, 2012-2023E (MW)
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However

» Grid-Scale Energy Storage still < 0.1% of U.S. Generation
Capacity

» EV's < 1% of vehicles sold in U.S.



Growth in Energy Storage Fueled by Falling =7
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$~300/kWh installed
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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




DOE OE Energy Storage Program
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Reliability & Safety
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Regulatory
Environment
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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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DOE OE Addressing Entire Suite of Barriers for Continued "3?’/
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Industrial
Acceptance

for Uniformly
Measuring and Expressing
the Performance of Energy
Storage Systems




Next Generation *xg/

Cost Competitive Storage Technologies raciica.

1) Redox Flow Batteries

 Development of water soluble organic materials to replace vanadium can
lead to systems at ~ $100/kWh

2. Zn— MnOZ

* 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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organizations involved in
various safety workgroups

l > 100 individuals and

Research Codes and Standards Education/Outreach

Sandia
National

Laboratories

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

The goal of the DOE OE Energy Storage System Safety Roadmap' is to T ST
foster confidence in the safety and rekability of energy storage systems. e s
IEEE 1635-18/ASHRAE Guideline 21-

There are three interrelated ob]ecllvcs 1o support the realization of that 18, Guide for Ventilation and
The

goal. research, codes and stan of Batteries for
objective focused on codes. and standards Stavonary Applications has been
T sy Masarch ] ayelopmai & skt lits ial oot
are focused on ensuring that codes and standards a Poblic commencs receed on NEPA
avallabie fo enable the safe implementation of energy 1 can be accessed at
storage systems in a comprenensive, non-ciscrmInatory DiDS/www.0fa,0rg codes-and-
and science-based manner. standards/all-codes-and-
The following activities support that objective and realization of the goal 3 /etatcode141abmnes
. Review and assess codes and standards which affect the design, | 108 37wl be considersd (e
installation, and operation of energy storage systems (ESS) 1, ot
b, Identify gaps In knowledge that require research and analysis that
can serve as a basis for creria in those codes R

Standard for Elecuical Inspector

o

Identify areas in codes and standards that are potentially in need of vons and
revision or enhancement and can beneft from actvities conducted | AFPA 78, Guide on Elecirical
under research and development Inspections, have bean posted and
d. Develop input for new of rewisions to existing codes and standards | comments with a closing date of
through individual stakehoiders, faciitated task forces, or through | October 31, 2018.
1aboratory Staff supporting these efforts
A draf of CSA C22.2 No. 340-201,
e £ Tne purpose of s document s o supporthe above acttes by prowidng | Batwy Management Sysiems, s
Time: 139.595814 information on efforts being conducted by U S. standards developing ‘Deing developed. Contact Ryan
Organizatons (SDOS) and oiner entbes il ae focused on £5% sak-ly Franks (see CSA update below)
The information is organized refative to the scope of each documen SOP e icaten
energy SUrage ysiems oM the Tacro 1 e MICT" (60,0 OVETafching COvErng CONSIETali SCope 10
covering a single system component of an energy storage System). Note aiso that more macro documents are likely
10 adopt by reference more Micro documents.

Modeling of fire 2018 Energy Storage
tion in ESS — — —

+ Codes and Standards for ESS Installations — the installation of the ESS relative 1o other systems and parts
of the bullt environment

«  Codes and Standards for a Complete ESS.

Reliability Forum

! DOE OF Energy Storage Systems Safety Roadmap, PNNL-SA-126115 | SAND2017-5140 R hitps:#waw sandia govless-
ssipudlcaions/EnerqySiorage. saletvioadmap 2017.ed1

Monthly CSR
newsletter

« Codes and Standards for cos
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Energy Storage Reliability ol

Northwest

Individual cell testing ESS Reliabilitv Needs

NMC (3.2Ah) NMC (3.0Ah) . . .
1. Want “predictive” understanding

)

B II ® II| I of ESS lifetime, performance, and
- availability under grid duty cycles
| I IlllnlIII IIIlIIl II S
e 2. Independent validation of
performance

Cumulative

kW module testing . Supported Field Testing




Technical Support for Energy Storage Regulations \‘?’/
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HOSted Energy Storage

e 2015 PNW PUC WorkShOp Regulatory Activities

° 2016 SW PUC Workshop Funded by the Department of Energy, Office of Electricity
* 2017 WECC Seminar

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

- (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.



Industrial Acceptance of Energy Storage \‘7/
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DOE OE Supporting Deployment and Valuation of 45MW - 135
MWh of Energy storage at 22 sites.

1.) Procurement and 2.) Valuation and Optimization
Commissioning

[ Energy Storage Values

CATEGORY 1
SANDIA REPORT Customer
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 Avoided Cost Considerations
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n Primus_main = —
Input Result
— Battery parameters — Price select
\;;?;("' Discharging efficiency: | 0.80654 ) All 50 prices
. Charging efficiency: | 0.83594 & o -
Pa‘:'f\!fiﬂﬁrtﬂﬁﬁﬂm Energy capacity: 16 MWh Pl
Prencdty Ohperated by Battelle Since 1943 - _
Power capacity: 4] Mw ;g
— Location——— Intial SOC: 0.5 27
28 =
@ Bainbridge Island — Input files ';Hg El
(") Baker River 24 Prices: Anputiprice.xlsx 3
32 il
Balancing sig.: | \nput\PSE_Reserve 2020 W _1. | Browse ... =
— Seni :
snices Capacity value: | \Input\BI\CapacityValue xlsx
Arbitrage
. ’ Deferral: \Input\BI\TDdeferral xlsx
alancing
_ Outage: Anput\BlNOutage xlsx
Capacity value Cancel
Cutage power:
Distribution deferral ge p Mnput\BNOutagePower xlsx
[ Planned outage — Output Plot
Random outage Output: AOutput'\Bl
b >




Bundling Storage Services: how to do 7~
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It optimally?

— Scheduled Hourly power :
— — Acutal output minute by minute Energy price (s/MWh)
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Energy storage optimization tool 7~
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n Primus_main = — N
Input ‘ Result ‘
— Value stream ($000) e ' ' ' ' '
Arbitrage: £ 336 1000
Balancing: 290 251 800+
Capacity value: 566.843
pacty 600 |
Deferral: 622 631
- 400
Outage mitigation: 1066.852
Total:  2553.914 2001
Abritrage Balancing Capacity Deferral  Outage mitigaion
— Hour distribution (hours) <19
Standby: 5763
Abitrage: 1341
Arbitrage + bal - 1593 I Standoby
. ) :Abritrage only
Capacity value: 1 15% | [___] Arbitrage+bal
Deferral: 2 - others
Outage mitigation: 60




Energy Storage Use Case 1 ‘v’/
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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

[

1MW — 3.2 MWh battery at SEL campus

Required Revenue

$6,000,000

$4,000,000

Benefits Evaluated

1. Capacity-resource adequacy 52,000,000

2. Energy grbltrage . _

3 . Reg u Ia.tl O n U p/d Own Benefits Revenue Requirements

4 . CO n Se rvatl 0 n VO Itag e red u Ctl 0 n m Capacity w Arbitrage and Regulation m Conservation Voltage Reduction
5_ Outage man agement Of Crltlcal H Revenue Requirements m Customer Reliability

loads, including addressing voltage sags

16



Energy Storage Use Case 2 ‘v’/
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Lummi Island
/ $4,000,000 o :
e . Utility Benefits Costs
Lummi Island fﬂ%
Sea Acre ?‘: 53'000'000
Orcas Island Tra n S .
lga
Roche Harbor 2 5ubmarine $2,000,000 DEferraI
Yacht Haven Smi i
Lakedale Shaw Island Trang%,‘nISSIon cable%amlsh
san Juan Simes o $1,000,000
Lopez Island
Decatug Island Aacoley S-
o a .
Lopez 159 e Benefits Costs
Load Shaping Charge Reduction B Demand Charge Reduction
Mainland Fldlgo)slagd M Transmission Charge Reduction H Volt-VAR/CVR
. i, BoaeR Snee Oc W Transmission Deferral W Energy Losses
WaShmgtOﬁ M Energy Storage System Rate Impacts M Lost Revenue
. . . . 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 ESS to reduce peak demand

. , * Transmission Deferral for 3.65 years
on transmission cable. Integrated with 504 kW

Community Solar.  ~S1M in lost revenue from Community
Benefits Analyzed Solar calculated into Utility costs.
* Demand charge reduction  Additional $0.4M in outage mitigation

Load shaping charge reduction to the island not included in analysis.

* Transmission charge reduction
* Transmission cable deferral

Conservation voltage reduction .
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Costs Benefits

Diesel Gen Sets + PV + 408 kW / 510 kWh of Energy Storage ROI=1.21

Diesel Gen Sets + 1,224 kW PV |

ROI =.00

Diesel Gen Sets - 1,150 kW

5(400,000) 5(300,000) 5(200,000) 5(100,000) S- 5100,000 $200,000 5300,000 5400,000
Diesel Gen Sets + PV + 408 KW / 510 kWh of
Dissal GériSets <1150 kW Diesel Gen Sets + 1,224 kW PV ISRl BERER PRV FeiQiiing
Energy Storage
Costs $(110,120) $(258,448) $(294,781)
Benefits $251,000 $355,618

90% survivability rate for a two-week outage
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