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Share of Storage Technologies in Global Market

Pumped storage hydro Flywheels 9351 Mw

Compressed Air
Energy Storage
(CAES) 637 MW

Sodium Sulphur 189 mw

Advanced |lead-
acid/lead acid 109 Mw

Capacitor 76 Mw
Redox flow battery 42 mw
Nickel-cadmium 30 Mw
Others 34 Mw

Lithium-ion 952 Mw

Note: Pumped sftorage data are for 2016, other data are for 2014.
Source: IRENA, 2015h; pumped starage data from IHA, 2016

Source: IRENA Rethinking Energy 2017 report
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Energy Storage Will Be a $3.1 Billion Market in the U.S. by 2022

U5, Annual Energy Storage Deployment Forecast, 201.2-2022E (MW)
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L5, Annual Energy Storage Market Size, J01.2-2022E (Miliion |
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o Lithium-ion batteries dominated the energy storage market for the last
three years
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Value Streams of Battery Energy Storage
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NREL Grid Integration Test Platform

* 12 MW installed renewable capacity — wind and solar
» Various energy storage technologies

e Control system

o Simulated grid — 50Hz and 60 Hz operation

e Emulation of strong and weak grids

» Power-hardware-in-the-loop (PHIL)

Regular grid,
NWTC Wind Turbines
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Controllable Grid Interface (CGl)

for Grid and Fault Simulation
(7 MVA continuous / 40 MVA s.c.)
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1500

AGC response
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NWTC Dispatchable Hybrid Wind-BESS Plant Demonstration®
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Ramp Limit Demonstration

Plant Power
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BESS-Alstom Test

Example of stacked serivces: dispatchable plant + AGC
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BESS Participating in AGC
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TN Frequency Jan 17, 2018

TN Grid Frequency 1-hr Snapshot
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TN Frequency Jan 18, 2018

TN Grid Frequency -Jan 18, 9am-10am
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BESS Providing Frequency Droop

BESS providing 3% droop while charging 3% droop response
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Dispatchable Hybrid Wind and Solar Plants Coupled with ESS

Centralized control for
dispatch and ‘slower’
ancillary services

Market Signals s Centralized
Forecast e Control

Dispat:hahle Hybrid Wind- PV-storage Plant
Dispatchable Hybrid Wind-PV-storage Plant
a
—— ' =
l\ ﬁ
Local controls for
“fast” ancillary Local controls for
services Dispatchable Hyb -storage Plant Dispatchable Hi.rh Wind-storage Plant “fast’ ancillary
services
—
Local controls for Local controls for
“fast” ancillary ‘fast’ ancillary

Services Services

« Similar performance as conventional plants « Al essential reliability services

* Wide area aggregation o _
e Optimized storage dispatch

» Hybrid forecasting
« Storage for plant performance
optimization
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Services by Wind-PV-BESS Hybrid Plants

o Dispatchable renewable plant operation
— Long-term and short-term production forecasts

— Capability to bid into day-ahead and real-time energy markets like conventional
generation

Ramp limiting, variability smoothing, cloud-impact mitigation
Provision of spinning reserve

AGC functionality

Primary frequency response (programmable droop control)
Fast frequency response (FFR)

Inertial response:
— programmable synthetic inertia for a wide range of H constants emulated by BESS v
— Selective inertial response strategies by wind turbines

Reactive power/voltage control

Advanced controls: power system oscillations damping
Stacked services

Plant electric loss reduction, AEP increase

Selective plant configuration for BESS: ability to serve a whole wind power plant,
or selected rows/turbines

Battery SOC management (optimized using resource and energy price forecasts)
o Optimization model-predictive control strategies

0O O o o o o

0 O O o o

o
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Changing Flexibility Resources Landscape

A RELATIVE ECONOMICS OF INTEGRATION OPTIONS

Irecluntary Load Chemical Storag=
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Residantial Transmission
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- - Storage
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Management

Cost

RE Curtsilment™

Joint Markat
Expanded Balancing Oiparation
Footprimtboint

System Operation® Increased Andillary
Service Liquidity©

Industrial B
Commercial Demand
Responss

Sub-hourly

Scheduling and Improved Energy
Dispatch Market Design

Option costz are system

and evolving over titne

pendent

Grid Codes
SYSTEM FLEXIBLE
OPERATION MARKETS GENERATION

Type of Intervention Source: NREL
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Energy Storage vs. Combined Cycle for Flexibility Service

100 MW Energy Storage 100 MW Combined Cycle Unit

200 MW flexibility range

Potential for 4:1 flexibility
benefit gain for the same
Installed power capacity

' 1

m 50 MW flexibility range

Expensive baseload that
needs to be purchased
In order to get
regulation and ramping
services from CCGT

Source: V. Gevorgian, NREL
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Thank you!

www.nrel.gov
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