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Background : Secondary Use Energy Storage
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ORNL Project Portfolio Overview

Objective : Drive indusiry acceptance by solving the challenges of integrating multiple
secondary use energy storage systems developing additional features, increased
functionality and demonstrating the technology
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100kW Secondary Use System Prototype

Objectives:
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* Plug and Play energy storage system with 50kW blocks of secondary use batteries.

« Should support optimization and controls for grid integration.
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Implementation: Hardware Testbed in GRID-C @ ORNL: AC-DC Hybrid %850Sk
Infrastructure Lab
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Experiment Results: Demonstration of Energy Full Charge/Discharge ™
Test and Opftimization of Modules
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Medium Voltage Energy Storage Interface

Objectives:

« Develop and validate novel modular, scalable, power electronics topology for directly interfacing energy
storage to medium voltage grid (> 4.16 kV)
v' Provide ancillary services for distribution grid.
v Improve the power density
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[1] A. B. Chivukula and S. Maiti, "Analysis and control of modular multilevel converter-based E-STATCOM to integrate large wind farms with the grid," in IET Generation, Transmission & Distribution, vol. 13, no. 20, pp. 4604-4616, 22 10 2019.

[2] T. D. C. Busarello, A. Mortezaei, A. S. Bubshait, and M. Simdes, “Three-phase battery storage system with transformerless cascaded multilevel inverter for distribution grid applications,” IET Renew. Power Gener., vol. 11, no. é, pp. 742-749,
Mar. 2017
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Medium Voltage Energy Storage Interface: Novel Topology
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Medium Voltage Energy Storage Interface: Component Design

Device Packaging facility: clean room in GRID-C @ ORNL

ORNL Medium Voltage
Power Module : 3.3 - 10 kV

Magnetics Build and Test Setup in GRID-C @ ORNL
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of 4.16kV and 208V, 30 x 12 x 38 in%
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Medium voltage Lab Setup in GRID-C @ ORNL
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Integrated Inductively coupled dc-dc battery interface for Safety for
Secondary Use

 Obijective: Develop a safe hardware plug-and-play integration approach for battery
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* ORNL has extensive past work in inductive power transfer technologies

« Design is highly modular and would provide easy maintenance of ES
technologies.

» Provides electrical isolation between grid and battery interconnections.
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Expected Outcome: Plug-and-play modules that can be pulled while active.
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FY22 Accomplishments

Completed the integration of multiple (three) DC/DC and AC/DC power electronics
systems prototypes for the 100 kW secondary use systems and ran the optimization use
case for at scale ES system with emulators.

Completed the development CHIL for MVESS and evaluated the system for two use
cases : frequency and voltage regulation

Completed the inifial study on the Integrated Inductively coupled dc-dc battery
interface for Safety for Secondary Use.

FY22 Publications: 1 Journal, 4 Conference papers

M. Starke, B. Dean, S. Campbell, M. Chinthavali, “An Inteligent Power Electronic System for Secondary Use Batteries, EESAT 2022. (accepted)
M. Chinthavali et al., “A Medium Voltage Three-Stage Power Converter Topology for Distribution Grid Scale Energy Storage Systems,” ECCE 2022. (accepted)

M. Starke et al., "Agent-Based Distributed Energy Resources for Supporting Intelligence at the Grid Edge," in IEEE Journal of Emerging and Selected Topics in
Industrial Electronics, vol. 3, no. 1, pp. 69-78, Jan. 2022.

M. Starke, R.K.Moorthy, S. Campbell, M. Chinthavali, “Start-up Optimization Considering Integrated Power Electronic Systems,” IEEE Power and Energy General
Meeting, July 2022.

M. Starke et al., "A Remote Development Process and Platform for Power Electronic Systems," 2021 IEEE Energy Conversion Congress and Exposition (ECCE), 2021,
pp. 3182-3189.
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Future Work:

Complete the advance functions of the 100 kW 480 V ESS system prototype

Evaluate deployment and Long-term testing Opportunities and utilize the
system to support field issues in collaboration with partners

Continue the design and development of the novel medium voltage ESS
prototype

Design the components for the inductively coupled system and evaluate
prototype feasibility

Continue to work on publications
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