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RECENT ENERGY STORAGE ASSESSMENTS
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VALUATION TAXONOMY AND META-ANALYSIS RESULTS
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USE CASE EXAMPLE 1: CAPACITY / RESOURCE
ADEQUACY

= Capacity markets have been established in regions throughout the United States
with value based on forward auction results and demonstrated asset
performance

= For regulated utilities, capacity value based on the incremental cost of next best
alternative investment (e.g., peaking combustion turbine) with adjustments for:
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USE CASE EXAMPLE 2 - FREQUENCY REGULATION

= Second-by-second adjustment in output power to maintain grid frequency
* Follow automatic generation control (AGC) signal
= Value defined by market prices or avoiding costs of operating generators
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Mileage definition is the sum
of all green bars in 15 min.
intervals
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Capacity Payment = Regulation Capacity Clearing Price
Service Payment = Mileage (AGC Signal Basis)
Performance = Regulation Service Performance Score

Key Lesson: Performance of battery storage in
providing frequency regulation is exceptionally
high. Market prices can be driven downward as a
result, undermining the profit potential to storage
operators in the process.




USE CASE EXAMPLE 3: OUTAGE MITIGATION

= Qutage data

Cost per Outage ($2008)*

° OUtage data Obtained from Utlllty Duration Residential Small C +1 Large C +1
« Average annual number of outages Momentary 52 $210 $7,331
determined Less than 1 hr $4 $738 $16,347
« Outage start time and duration 2t s il 53246 0237
8-12 hours $12 $3,996 $46,227
u Customer and Ioad |nf0rmat|0n Source: Sullivan, M., Mercurio, M., and J. Schellenberg. 2009. “Estimated Value of
Service Reliability for Electric Utility Customers in the United States.” Prepared for
] N u m ber Of Cu Sto m e rS aﬁe Cted by O utag eS U.S. Department of Energy by Lawrence Berkeley National Laboratory. Berkeley, CA.

= Customer outages sorted into customer classes
» |oad determined using 15-minute SCADA information

= Scenarios
= Perfect foreknowledge
= No foreknowledge
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USE CASE EXAMPLE 4: RENEWABLE ENERGY TIME
SHIFT AND CAPACITY FIRMING
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= Renewable energy time shift

Goal — shift renewable generation from off-peak to on-peak hours
Example — CAISO “duck curve”

CAISO has implemented a ramping product

Other areas, arbitrage is your only option
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USE CASE EXAMPLE 5: TRANSMISSION AND
DISTRIBUTION DEFERRAL

= Energy storage used to defer investment; impact of deferment measured in present

value (PV) terms
= Net present value of deferring a $1 million investment for one year estimated at

$90,000 or $10,400 annually over economic life of battery

PV — FV / (l+i)/\n s 7/1/2011 s 1/23/2008
= == 58 MW Planning Trigger == == 58MW Trigger + Storage

PV = Present value e 02/01/2011 + 1.0% growth
FV = Future value % g
i = Cost of capital % P
n = Number of years g gy d

S 62 //
Assuming an 8% cost of capital (discount rate) and E 60 » —|
3% cost inflation, distribution deferral of six years for a 58 /j/ ! e
$10 million substation would be valued at $2.5 million 56 ,/’/
based on calculation below: N
PV = $10 million*1.0376 / (1+.08)"6 = $7.5 million. o

2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033
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OPTIMAL BUNDLING OF SERVICES
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Key Lesson: A n
valuation tool that co-
optimizes benefits is
required to define
technically achievable
benefits.
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Multi-dimensional co-optimization procedures

required to ensure no double counting of benefits

- Battery Energy Storage Systems (BESSs) are energy limited
and cannot serve all services simultaneously

« By using energy in one hour, less is available in the next hour

Energy storage valuation tools are required



PORTLAND GENERAL ELECTRIC (PGE)
SALEM SMART POWER CENTER (SSPC)

= Developed as an R&D project under the American
Recovery and Reinvestment Act of 2009

= DOE provided half of the funding

= 5 megawatt (MW) — 1.25 megawatt-hour (MWh) lithium-
lon battery system built and managed by PGE

-y ® Potential benefit streams:

» Energy arbitrage
» Participation in the Western Energy

glerr 1?0
Imbalance Market (EIM) =
« Demand response B Cooia 50
- Regulation up and down p—
. Il Plonned EIM entry 2019
« Primary frequency response I Plomned EM anky 2020
* Spin/non-spin reserve
- VoIt-VAR control Western Energy

: : Imbalance Market
« Conservation voltage reduction
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OPTIMAL SCALING OF THE SSPC

» Evaluated individually, 20-year PV » By upsizing the energy storage
benefits of SSPC operations exceeds capacity to 10 MWh, the ROI
$7.5 million. When co-optimized, value yields a positive result at 1.24

falls to $5.8 million
= At an energy to power ratio of 0.25, re— \ =

return on investment (ROI) falls below

$25,000,000 120
$5,000,000 MTTOTAMm  m Ee—C—CEeEe - -« -« G EEEEOEOEEEEOEEEEGGGGG GG | o e ————— e gl e 1.00
$20,000,000
$7,000,000 4]
-
3 Benefits
$6,000,000 ‘: 0.80
(-]
$5,000,000 o $15,000,000
T &=
Y 0.60
; 84,000, ] ] o
Technically Haonme @ Key Lesson: Preliminary
H $10,000,000 . . .
Unachievable $3,000,000 economic ana'ys|s is —
$2000000 required to optimally
1000000 $5,000,000 scale and site energy 020
. storage systems.
Individual Benefits Co-Optmized Benefits
W Arbitrage (Mid-Columbia) ~ m Demand Response m Regulation Up ¥ Regulation Down > 0.25 1 2 3 4
= Primary Frequency Response M Spin Reserve ® Non-Spin Reserve B Volt-VAR - CVR

Energy to Power Ratio
m Co-Optimized Benefits W Energy Imbalance Market

"%, u.5. DEPARTMENT OF _ Arganne National Laboratory is a
i »dEN ERGY U.S. Department of Energy laboratory
24 managed by UChicago Argonne, LLC.

Return on Investment Ratio



NANTUCKET ISLAND ENERGY STORAGE SYSTEM

= Nantucket Island located off the coast of

Massachusetts

« Small resident population of 11,000; population swells to
over 50,000 in summer

» Nantucket’s electricity supplied by two cables with a
combined capacity of 71 MW and two small on-island ‘
combustion turbine generators (CTGs) with a combined Nantucket Sound
capacity of 6 MW

« Rather than deploying 3" cable, National Grid is
replacing two CTGs with a single, large (16 MW) CTG
and a 6 MW / 48 MWh Tesla Li-ion BESS.

MERCHANTS WAY

» Use cases evaluated
- Non-market operations « Market operations Nantucket Supply Cables
v Transmission deferral v Forward capacity market
v' Outage mitigation v’ Arbitrage
v Conservation voltage reduction v Regulation
v Volt-VAR optimization v/ Spinning reserves
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BENEFITS OF LOCAL OPERATIONS

* The research team performed an
extensive load analysis in order to define
the n-1 contingency window and estimate
the number of deferral years at 13

= Qutage mitigation evaluated using historic
outages and distribution system model

= Value of local operations ($122 million)
exceeds the $93.3 million in revenue
requirements for the systems, yielding an
ROI ratio of 1.30
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BENEFITS OF MARKET OPERATIONS

= Nantucket BESS modeled as a
continuous storage facility

= BESS bid into markets using
predicted prices — I.e., imperfect
foresight

» Reqgulation follows energy neutral
AGC signal with a performance
score of 95%

= Market benefits estimated at $24.0

million over life of BESS
« Regulation provides $18.8 million
(78%) of market benefits
« Capacity - $4.1 million (17%)
« Spinreserves - $1.2 million (5%)
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NANTUCKET ISLAND CONCLUSIONS

= Total 20-year pv benefits of BESS
and CTG operations at $145.9 million
exceed revenue requirements and
energy costs at $93.9 million with an
ROI ratio of 1.55

= Benefits largely driven by the
transmission deferral use case, $109
million (75%) in PV terms.

= Regulation services - $18.8 million,
13% of total benefits

» Regulation service dominates the
application hours, 7,900 hours each
year
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PUMPED STORAGE HYDRO VALUATION

PSH Valuation Guidebook
Valuation

— Target audience: PSH developers (utilities, IPPs), Study 1 Valuation
. umped Storage : Study2
consultants, energy analysts, regulators, academia, etc.

Two technical reports illustrating test case studies
— PSH developers, consultants, energy analysts, etc.

Energy storage cost and performance study (already
published)

— Energy analysts, academia, consultants.

PSH valuation tool helping the users navigate the PSH
valuation process (developed in a companion project)

— PSH developers, consultants, energy analysts.
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IMPORTANCE OF OPERATIONAL KNOWLEDGE IN
CAPTURING ENERGY STORAGE VALUE

= Non-linear Performance Modeling

* Model estimates state of charge (SOC) change
during operation based on operating mode,
power, SOC, and temperature

* Model has been validated with data

» Actual battery performance can be anticipated,
thus providing a high degree of flexibility to the
energy storage system owner/operator

« Self-learning model applicable to any type of
storage system

: Modellng State of Health
Optimizing the allocation of cycling budget
« Expanding the cycling budget through
enhanced operational knowledge
« Degradation penalties to build in full system
COsts
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DEVELOPMENT OF EFFECTIVE CONTROL SYSTEMS

mDERO  mImprovement with AM  ®m Improvement with AP

* Field deployed commercially sourced — B
optimizers — generally no dedicated results o |
process to keep track of the difference Lfglri‘t”ya fi “I
between “anticipated’ vs. ‘generated’ deployed % s 5 T
value — essentially an open loop ESSSlE T w B T
orocess 7 T AR
= Reasons could be lack of adequate ceRO Wi patemaicn 75 1 5T
information/approach (logic, forecast o momam .
error, lack of operational knowledge of e — o
energy storage system) e |
= Analytics to determine the reasons morovmens pegcoy £S5 {7 o
could close the loop and help improve forochsing prics and oo
the value generated - LS Potential Improvement ------" ’
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WHAT WE HAVE LEARNED - NUMEROUS FACTORS
DETERMINE AN ENERGY STORAGE SYSTEM’S VALUE

PROPOSITION

Siting/Sizing
Energy Storage

Broad Set of Use
Cases

Regional Variation

Utility Structure

Battery
Characteristics
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Ability to aid in the siting of energy storage systems by
capturing/measuring location-specific benefits

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

Differentiate benefits by region and market structures/rules

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

Accurately characterize battery performance, including round trip
efficiency rates across varying SOCs and battery degradation
caused by cycling
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https://www.energy.gov/oe/activities/technology-development/energy-storage
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