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2‘ ENERGY STORAGE R&D AFANDIA

BATTERY MATERIALS
Large portfolio of R&D projects

related to advanced materials, new
battery chemistries, electrolyte
materials, and membranes.

DEMONSTRATION PROJECTS
Work with industry to develop, install,

commission, and operate electrical
energy storage systems.

CELL & MODULE LEVEL SAFETY i, . @ | STRATEGIC OUTREACH

Evaluate safety and performance of ,““"“’@ . ® @  Maintain the ESS website and DOE Global
electrical energy storage systems i 3 e Energy Storage Database, organize the annual
down to the module and cell level. o «  Peer Review meeting, and host webinars and

R A conferences.

POWER CONVERSION SYSTEMS

el 5;(‘,’; # Research and development regarding GRID ANALYTICS

e . .
"'S‘Z"}',ﬁ:l.‘}‘f & ”i‘ reliability and performance of power Ar!zlytlcgl tools mgdel elc;ctrlc
LAULL LS~ clectronics and power conversion STICTaNQLIELUENS: REITOLIT]
‘‘‘‘‘ i systems. sys.t(.em opt.lr.mza?tlon, plan
efficient utilization and
optimization of DER on the grid, i
SYSTEMS ANALYSIS zsodr;ggmrstand ROI of energy

Test laboratories evaluate and
optimize performance of megawatt-

hour class energy storage systems in Wide ranging R&D covering energy storage technologies with
grid-tied applications. applications in the grid, transportation, and stationary storage




;1 POWER CONVERSIONSYSTEM

APower conversion S)(stems (PCS), sometimes referred to and

used interchangeably as power electronics, are a key _
enabling technology for energy storage. Power Conversion System
Aln a gridtied energy storage system, the PCS controls the
power supplied to and absorbed from the grid, -
simultaneously optimizing energy stora_%:]e device Energy _
performance and maintaining grid stability. Storage |° SRE A" > Grid
: : w
AThere are multiple types of energy storage technologies, F T
and each has their own characteristics and control : T
parameters that must be managed by the PCS. : , :
AAn energy storage installation may be tasked with a variety | . |
of different grid support services; the PCS is responsible = =~ = 7] 7|7 Controller 1= - - -
for controlling the flow of energy to meet the requirements
of the intended grid support application. ? ARG s L
AThe major electrical components of a PCS are * Process, synthesize, condition
semiconductor switches, capacitors, magnetic devices such and control power flow

as inductors and transformers, and a controller.
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Generation Transmission SubTransmission Distribution

Residential

/\ Load
®

LN IS HvDC S
N[\ e,

Hydro + -

”"”"” Energy Storage

b qmﬁ
I

— |||||||||| \ |||||||||| Commercial Load
Nuclear O
(LT I\“II
@ Power m W
S8 -1 2 | Conversion ~ ~ N
L / System - — (T
& Photovoltaic
Transformer 53 |
' / Substation - ———
oo D + _ + _ +
Coal/Gas Industrial Load c =
Energy Storage nergy Storage
ay g Wind Power Energy Storage



5 ‘ BATTERY ENERGY STORAGE SYSI

NEMENTS

Battery Ma?ng:rrrz/ent Power Conversion Energy Management Site Management
Storage System (BMS) System (PCS) System (EMS) System (SMS)
e Modules e Battery e Bi-directional e Charge / Discharge e Distributed Energy
* Racks Management Inverter e Load Management Resources (DER)
e $/KWh & BESS * Inverter control e Ramp rate control control
Protection * Interconnection e Grid Stability * Synchronization
/ Switchgear e Monitoring ¢ Islanding and

microgrid control

* S/KW o $/ESS
>/ e S/ microgrid

Balance of Plant

Transformer/ POC
switchgear

BESS container
Climate control
Fire protection

Construction and
Permitting

S / project

NOTE: Importantto have single entity responsible for the ESS integration.

Source: UtilityDrive



‘ DOE OE POWER ELECTRONICSEVELOPMENT

WORLES FIRSTHBEROPTICH ECTRICAL
TRANSDUCEROPASSMILITARWIBRATION
ANDSHOCKCERTIFICATION

Exceeds 30Mhz

Capable of Operating up to 34.5kV

without additional Insulation, Isolation,

or Cooling ‘ =D ‘ )
N IJI Sy

WORLS HRSTHIGHTEMPERATURE

250°C Junction Temperature
Integrated Gate Driver

WORLIB HRSTVOLTAGEIONTROLLED
4500V/400A TRNOFFTHYRISTOR
4500V and 400A rated
Integrated Si MOSFET and GTO
Embedded Current Sensing
Capabmty

SC SNGLEPHASHNVERTER @
3 kW (1200 V/150 A peak) >

WORLM HRST
WORLIKB HRSTHIGH COMMERCIALLY
TEMPERATUREC AVAILABLELTRAHIGH
POWERMODULE VOLTAGECTHYRISTOR
50 kW (1200 V/150 Rating exceed 6.5kV,
A peak) _ 200kHz, 80A
250°C Junction > 200C
Temperature junction temperature
Integrated HTSOI

Gate Driver,

(IUD

WORLIE HRSTHIGHLYACCELERATEIFETIME
TESTINGHALTOFHIGHVOLTAGESCMODULES
Dramatically Accelerates Design Cycle
-100°C to 25C°C (1.7°C/s Ramp)

48 inx 48 in Table Size

6 axis 75 gRMS Vibration

e

WORLIE HRSTHIGH WORLIBARST #’GREE 2019
VOLTAGEHGH COMMERCIAL TECH
TEMPERATURE MONOLI?I'HI(SN.ITCH GoLD
REWORKABLEC 1.2 kVSiCDevice ?
HALFBRIDGHEPOWER

MODULE

>15kV /100 A, > WORLBBHIGHEST

200°C voLtacEOoRMALLY / IRD
Reworkable OFFSICIFET I UU

Wire Bond Free,
Low Parasitic
Design R
Device Neutral
HV Isolated Gate
Driver

WORLE HRSTHIGHFREQUENCY
HIGHTEMPERATURSCHALFBRIDGE

POWERMODULE

15 kVv/100 A, 20 kHz, 200C
Reworkable
Low Parasitic Design'}
Device Neutral
HV Isolated Gate Driver

6.5 kV, 20kHz, 60A
200°C Junction
Temperature

p017 \2018\ 20

WORL HRSTHIGHPOWER
MODULARGAN-BASEDNVERTER
20 kW per Module
IntegratedGaNGate Driver

Stackable to 100 k\m

WORL ARSTM ONOLITHICALLy
INTEGRATEBNGLECHIPTRANSISTOR

kD

WORLM HRST &

i i AVALANCHRUGGED
Ilnztgg(;’:\ted SJT/Diode Chip ath“gaai LTy PowerMosEET
éw-,-.u: 1 Joule at 5000V<§



7‘ ENERGY STORAGE POWER ELECTRONICS PROGRAMDUSTRY PROJECTS

C>SA
-3

DRS Research

@onn%villg

’-._,/ﬁ_els TECHNOLOGY, INC. @reqre

A PneumatiCoat e
A rrcnnsiuees (3 POWDERMET
\"-._.,- Clean, green sustsinable materials solutiong
Commercializing "nano"
™

LYGeneSiG

SEMICONDUCTOR

Solutions Through Advanced Technology® o % F_'
MAINSTREAM &3

ENGINEERING
\ @

r,y_'h /Q "
@ Siema SILICON
In NOLIL > ngl/\/'}lg:s%l%r\'/\\sl (; Té%hnologies POWER
'. o
T

*" United Silicon Carbide, inc.
TRS Technologies Airak Corp.

Satconr




sl ENERGY STORAGE POWER ELECTRONICS PROGRAMIVERSITY PROJECTS

=
O:
-
N
—
o
Z °
&b
—
%
@p)




