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» What grid services can energy storage systems (ESSs) provide, and
what 1 s the significance of nstacki

» Are the values associated with grid services provided by ESS consistent
between, or specific to, individual utilities? If specific, why do they differ and
what is the nature of these differences? How can they be measured?

» How can utilities effectively site, size and control energy storage in order to
maximize benefits, and how important is this process?

» What regulatory engagement is PNNL currently involved in?
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ESSs provide services or functions or values; a use case is a service that is
specific to an installation
Energy storage comes in many forms:
B Battery energy storage (li-ion, flow batteries, na-s)
B Compressed air energy storage
B Pump storage hydro
B Flywheels
Categories of services:
B Bulk energy 1 arbitrage and capacity
B Ancillary services T regulation, spin and non-spin reserve, load following
B Transmission congestion relief and asset deferral
B Distribution deferral and voltage support
B Customer benefits i bill reduction, outage mitigation, power quality

Services/functions/values have to be stacked properly to avoid double
counting, and a simulation/co-optimization process is required

ESSs have both power and energy capacities and optimal sizing is important.
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Benefit 11 Peak Shaving
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» Capacity value based on the incremental cost of next best alternative Key Lesson: Values
investment (peaking combustion turbine) with adjustments for the will differ based on

. . . . presence of markets,
incremental capacity equivalent of energy storage and line losses local distribution

> Distribution upgrade deferral based on present value benefits of deferring valution holicies.
investment in distribution system upgrades
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Benefit Example 21 Energy Arbitrage
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» Hourly indexed day-ahead or real-time energy market used to determine

peak / off-peak price differentials

» Value obtained by purchasing energy during low price hours and
selling energy at high energy price hours i efficiency losses
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Key Lesson:
Profitability differs
significantly by region;

profit also affected by
round trip efficiency of
the ESS.
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Benefit Example 31 System Flexibility
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» Battery fills the short-term gaps between supply and demand

» Reduces cost and emissions associated with idling fossil-fuel burning plants

System Wide Demand - Dec. 10, 2009
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Benefit Example 4 1 Outage Mitigation O

Cost per Outage ($2008)*

» Outage data
: . Durati Residential Small C +1 Large C +1
B Outage data obtained from utility et on et o Gy
for mu|ﬁp|e years Momentary $2 $210 $7,331
B Average annual number of outages Less than1 hr $4 $738 $16,347
determined and outages randomly - $7 $3,236 $40,297
selected and scaled to
approximate average year 8-12 hours $12 $3,996 546,227

- Outage start time and duration Source: Sullivan, M., Mercurio, M., and J. Schellenberg. 2009. “Estimated Value of
Service Reliability for Electric Utility Customers in the United States.” Prepared for

U.S. Department of Energy by Lawrence Berkeley National Laboratory. Berkeley, CA.

» Customerand load information
B Number of customers affected each outage obtained from utility
B Customer outages sorted into customer classes using utility data and assigned values
B Load determined using 15-minute SCADA information

» Alternative scenarios
B Perfect foreknowledge — energy storage charges up in advance of inclement weather
B No foreknowledge — energy on-hand when outage occurs is used to reduce outage impact

Key Lesson: Benefits, which can be very large, accrue primarily to the
customer and are largely dependent on the effective placement of the

ESS. If focused on utility benefits, we would focus on violation costs
or lost energy sales. 7




Grid Functions and Tools to Estimate

Values
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Location/Service Analysis Tools

Trapsmission System

."’ Arbitrage "'_ Production cost modeling
.j Balancing ) Stochastic model
Regulation ] w. & w/o valuation, KERMIT
Capacity Financial models
Distribution System

Transformer Deferral
and Volt/VAR Control

GridLab-D, OpenDSS

+ Upgrade Deferral
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Financial Models

PV Integration

Gridlab-D, OpenDSS

‘Outage Mitigation

Customersige’

Industry, School, Multifamily

Optimization tools

Bundled Services

Energy Storage EvaluationTool (E3/EPRI),
Battery Storage Evaluation Tool (PNNL),
ESWare™ (24M), ES-Select™ (DNV-KEMA)
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Eugene (OR) Water and Electric Board
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Microgrid Project

» 500kW energy storage + 125kW PV + diesel gen sets at three aggregated sites

» Benefits of energy storage:
B Peak shifting
Transmission congestion relief
Minimizing balancing service payments to BPA
Energy arbitrage
Volt-VAR control
Outage mitigation
Capacity / resource adequacy.
» EWEB working with Sandia National
Laboratories and PNNL:
B Define and monetize value of use cases

B Evaluate design of planned microgrid.

» Energy storage at the three sites can be
aggregated to provide grid benefits.




Northampton (MA) Microgrid Project

Microgrid will bring multiple grid
assets together in order to improve
resiliency

Biomass
Photovoltaics
Diesel generators
Energy storage

Microgrid would island three abutting
campuses in the event of an outage

Northampton Dept. of Public Works

Smith Vocational and Agricultural High
School

Cooley Dickinson Hospital

Potential energy storage benefits:

Reduce energy and demand charges

Provide black start capability to the biomass
facility, thereby allowing it to run during

extended outages With DOE support, PNNL will model microgrid
Reduce diesel consumption during an . . : ;

outage and improve resiliency operations in orde_\r to evalugte the financial

Forward capacity market revenue benefits; PNNL will also optimally scale the energy

Regional network service revenue. assets during the design phase.
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