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Energy Storage Program Overview =<
Northwest

The Depart mentGrid EnergynStorage/réport (2013) identified a four-pronged
strategy to overcome the barriers to energy storage deployment:

B Cost-competitive energy storage technology Grid Energy Storage
development;

U.S. Department of Energy

B Validated reliability and safety;

B Equitable requlatory environment; and

B Industry acceptance

December 2013
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https://www.energy.gov/sites/prod/files/2014/09/f18/Grid Energy Storage December 2013.pdf
https://energystorage.pnnl.gov/batterytypes.asp
https://energystorage.pnnl.gov/highlights/highlight.asp?id=3303
https://energystorage.pnnl.gov/regulatoryactivities.asp
https://energystorage.pnnl.gov/publications.asp
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Basics of Energy Storage Modeling

April 10, 2019 6



Storage Values Vary by Location i
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Takeaway: Optimization Is key .
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Summary: Valuing Storage Requires a Detailed Methodology — ..%.
Northwest

Siting/Sizing Ability to aid in the siting of energy storage systems by
Energy Storage capturing/measuring location-specific benefits

Measure benefits associated with bulk energy, transmission-level,
ancillary service, distribution-level, and customer benefits at sub-
hourly level

Broad Set of
Use Cases

Regional Differentiate benefits by region and market structures/rules
Variation

Define benefits for different types of utilities (e.g., PUDs, co-ops,
Utility large utilities operating in organized markets, and vertically
Structure integrated investor-owned utilities operating in regulated markets)

Accurately characterize battery performance, including round trip
efficiency rates across varying states of charge and battery
degradation caused by cycling.

Battery
Characteristics
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Barriers to Energy Storage in Integrated Resource Planning
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The IRP Process <
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» Resource planning is an incredibly complex exercise
B Load and generation must be kept in constant balance
B Dozens of generators, market interfaces, fuel costs, changing customer load patterns (DG, EVs, etc.)
B For each interval, solving the load/generation equation requires consideration of many complex variables
B A 15-year plan looking at hourly intervals must solve for 131,400 data points

» As aresult, IRPs make a number of simplifying planning assumptions
B Hourly planning resolution
B Substitution of robust reserve margins for ancillary services
B Focus on generation only (no distribution planning, limited transmission planning)
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Energy Storage Values and the IRP Process

Captured in
traditional IRP
models?
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Forthcoming PNNL Report: Energy Storage in IRPs Pacific
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PNNL has a forthcoming report that examines how 21 U.S. utilities are treating energy storage
In integrated resource planning.

High level findings:

» 15 of the 21 IRPs included battery storage in their process. Of those:
B Eight plans did not select battery storage
B Five plans selected batteries in their preferred portfolio
B Two plans selected batteries in an alternate portfolio

» 10 of the 21 IRPs included pumped hydro storage in their process. Of those:

B Seven plans did not select pumped hydro
B Two plans selected pumped hydro in the preferred portfolio (both expansions of existing facilities)

B One plan selected pumped hydro in an alternate portfolio
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Finding: Utilities Relatively Uncertain About Battery Costs 4
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Cost assumptions for technologically mature resources such as combustion turbines and pumped
storage tended to cover a smaller range than assumptions for less mature resources, such as
lithium-ion and flow batteries:

Resource Cost Assumptions, 2017 $ per kW
$5,000
$4,000

$3,000 —
$2,000
$1,000 L

$0
Combustion Pumped Li-lon Flow
Turbine Storage
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Finding: More Services Lead to More Selections Pacific
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As utilities account for more services provided by energy storage, the likelihood of storage being
selected in the preferred portfolio increases:

Percentage of Utilities Including Battery Storage in the Preferred Portfolio, by

Number of Utilities
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Emerging Planning Models s
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Once the need for more granular modeling has been identified, there are several approaches:

» iNet Costo Approach
B Pioneered by Portland General Electric in 2016 IRP
B Uses external model capable of capturing non-IRP storage values
B Net present value ($/kW) is then deducted from resource cost in IRP

» Sub-hourly system planning models
B Examine system-level needs at sub-hourly resolution
B Captures flexibility and ancillary service values of all resource options
B Benefits beyond storage modeling (DR programs, DG integration, EIM optimization, etc.)

» Integrated Distribution System Planning
B Identify locational benefits of scalable, distributed resources
B Co-optimize distributed resources with system needs
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Net Cost Approach i
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» An IRP model compares resources in terms o s/
of capital cost and hourly value (20165)

M For storage, -tolorangegss a
comparison

B Net cost uses an external model to capture
non-IRP values of storage

B Deducting those operational values from 1
modeled storage cost A apples-to-apples

cn

Met cost impact of battery relative to
capacity-equivalent frame CT = $2.1M/yr

» Example external models

. Battery Storage Evaluatlon TOOI (PNNL) Annual Operational  Net Cost Met Cost  Operational Annual

Fiaedd ot Value Impact Impact Value Fimed Cont
B Storage VET (EPRI) , | , |

S50MW, 2-hr Battery 25MW frame CT

Portland General Electric 2016 IRP, p. 239
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https://availabletechnologies.pnnl.gov/technology.asp?id=413
https://www.storagevet.com/
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Sub-Hourly Planning Models =
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» At hourly granularity, many flexible and ancillary services are omitted
BFrequency response I s one of most wuniversally val
B Under high DG penetration, load following may be measured in minutes as solar comes on and off with

passing clouds
| WESTERN ENERGY IMBALANCE MARKET |

» Market operations moving toward sub-hourly
transactions

B Energy Imbalance Market (EIM) settles at 5- and
15-minute intervals

B Granular system design/optimization of resources
can increase EIM revenues

CAISO
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» Under the right circumstances, the benefits of
transmission and distribution deferral can support a

project on its own. But system-l e v e | | RP 1 0o —
identify those constraints and those opportunities. e q oo PER
B Punkin Center (APS) i D
\ y Locational Sourcing
\

B Orcas Island (Orcas Island Power & Light in WA) Net Benefits DER Provided

i —— S=— 4 Analysis Services
Annual (Pricing,

A

B Brooklyn-Queens Demand Management Project Bl o 5
(ConEd in NY) g Distribution |~ m > Procurements)
.. .. . - s Planning
» Additional values (volt/var optimization, resilience, g N—— Hm,m;—/
Ioutatge mlitlijgat_ion, etc.) also best measured on :;: v / \ v
2 . Distribution
oca |o_na aslis - : m et [ e J
- 2 map
» Potential for local and system co-optimization 2
B If local and system peaks align, resource may provide
T&D deferral and capacity benefits Interconnection Process
B When resource not providing local benefits, can be Integrated Distribution Planning, by Paul De Martini, ICF, for
dispatched to provide system benefits Minnesota Public Utilities Commission, August 2016
Ml RP may identify need for storage, but candét 1 dentify

optimal location
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https://www.greentechmedia.com/articles/read/aes-buys-energy-storage-for-less-than-half-the-cost-of-a-wires-upgrade#gs.uFkUrcjo
https://www.opalco.com/opalco-awarded-1-million-grant-grid-modernization-wa-clean-energy-fund/2016/08/
https://www.coned.com/en/business-partners/business-opportunities/brooklyn-queens-demand-management-demand-response-program

Additional Resources =
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» DOE Energy Storage Website
(www.sandia.gov/ess/)

» DOE Global Energy Storage Database
(www.enerqgystorageexchange.orq)

» Energy Storage Association
(www.energystorage.org)

» 2016 DOE/EPRI Electricity Storage
Handbook in Collaboration with NRECA

» PNNL Energy Storage
(energystorage.pnnl.qov)
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