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Outline
• Introduction: the Center for Advanced Technology, Center for Integrated Electric Energy Systems
• Grid energy storage projects at CIEES
• Phase I ONR project: improved recovery of isolated network
• Phase II ONR project: managing the pulsed loads
• Power electronics development
• Generation from renewable fuels
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CAT network in NY state

• 15 centers throughout NYS
• 25,000 jobs created
• $600 M of economic impact 
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CIIES scope

Grid technologies Renewables and integration Energy storage



How CIEES is helping NY businesses
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Research Workforce development Funding

• Evaluation and testing
• Product development
• Joint research projects 

• On-campus internships
• Training
• Student entrepreneurship

• Matching of federal funds
• Reduced overhead
• Assistance with proposals



Case: evaluation of molten-salt battery 
technology
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Peak usage at East End of Long Island Molten salt batteries



Case: evaluation of grid-tied Vandium flow 
battery by StorEn Technology
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Installation Installed battery Tests Decommissioning
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Addressing microgrid resilience

Phase I : Fast recovery after a perturbation Phase II : Pulsed load management



Phase I: test grid Matlab model
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7.5m

Modes of Operation: 1. Charging of Battery

Power and Communication/control Block Diagram of Microgrid setup 

Charging operation waveform of Conext XW 
pro

Fast Fourier Transform Analysis of Charging 
operation

● Analysis on data sets under different operating modes: Inverting, Charging of battery, and Grid Support 
mode has been performed and validated for single inverter.

● These results are then further analyzed on MATLAB.

Mil-spec Li-ion batteries by a NY company, Brentronics



Matlab Simulink model of the test microgrid
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PCC MeasurementsActive and Reactive Power Outputs of 
Inverters (in PU)

Simulink Block: Droop Control Technique for Multi-Converter Microgrid (Islanded Mode)

• Developed Droop control  for 
parallelly connected Inverters

• Equal load sharing among 
inverters achieved

• Supervisory control system 
(t=4s) brings back the Volt. 
And freq. to nominal values.
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Experiment: grid support and Li-ion charging

7.5m

Grid Support

2. Inverting

• Analysis on data sets under 

different operating modes 

has been performed and validated:

• These results are then further 

analyzed in MATLAB.

Grid Supporting operation waveform of Conext XW pro

Inverting operation waveform of Conext XW pro

Load Current Frequency 
Analysis

Battery 
Voltage

Load 
Current

Fast Fourier Transform Analysis of 
Inverting operation
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Grid Current 
Frequency Analysis

Fast Fourier Transform Analysis of Grid 
support operation
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Grid reaction to simulated faults, loads and 
islanding

Mode: Master Charging & slave Inverting : (Charging 
Current = 34 A & Load included), protection circuit 
breaker trips to avoid over grid current.  

Inverter turn on 

Master 
Inverter

Slave
Inverter

Conext
configuration 
Tool software

Load

Transient analysis at 
microgrid setup for 

robustness and resiliency

Transients at PCC and load bus because of variation 
in loads (R and RL loads)
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Introduction of fast, connected inverter

 2 inverters (10kW, 8kW) are connected in parallel.
 4 different loads(RL, R, Dynamic and Pulsating loads) are connected to the PCC through 2km feeder.
 Different faults are applied at bus 2 between t=2s to t= 3s.
 Dynamic load is varied at different time to validate the resiliency of the resilient power converter in case of both symmetrical and 

unsymmetrical faults.

Resilient Converter

Fault

MATLAB Simulink model of Resilient converter to enhance the resiliency of the setup
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Demonstration of the 
resilient inverter

Phase I: the disturbance process (𝑡 ∈ [𝑡𝑜𝑒,𝑡𝑒𝑒]) is the time 
elapsed by the occurrence of the event. 
Phase II: degraded state after the occurrence of the disturbance; 
(𝑡 ∈ [𝑡𝑒𝑒,𝑡𝑜𝑟]) for operational resilience. 
Phase III: restorative state (𝑡 ∈ [𝑡𝑜𝑟, 𝑇𝑜𝑟]) for operational 
resilience.

Operational resiliency curve in a microgrid 

Operational resiliency curve for unsymmetrical fault at bus 2 

Operational resiliency curve for symmetrical fault at bus 2 

Phase I

Phase III

Phase II

Phase III

Phase III

Phase I

Phase II

Phase III

Simulated fault
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Detailed waveforms of the event

Operational resiliency curve for 
unsymmetrical fault at bus 2 

Load increased after the fault
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Case for high-power supercapacitive storage
• Cost of the bidirectional dc-dc converter capable of 100 

kW power levels.
• Bounds on ultracapacitor power levels that will ensure 

ultracapacitor plus dc-dc converter overall efficiency 
>90%

• Resulting charge and discharge rates on the battery 
versus when in standalone operation

• Value proposition that makes a business case.

The high-power dc-dc converter versus 
the case of using twice the amount of battery.

Keeping state of charge in safer 
limits 

Automotive applications

SuperCaps by a small NY company
Iouxus
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High voltage test unit: test of balancing 
and high voltage, high current

High Voltage Panel

FUSE

+ BUS BAR
- BUS BAR

MOV

HV to UC

IGBTs

*LV components have not been connected to 
HV panel

220V to HV Charger

+ to BUS BAR

Breaker

220V

220v Breakdown
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Testing of the charge retention in the modules
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✔ Self-discharge time constant 66 hrs

CAN FPGA module
Supercap units
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DISCHARGING
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Shrinking the Size: Power Module  Development

5/15/2023
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3L-TNPC

1200V / 450 A 1200V / 150 A

1200V / 350 A HyS
TPG Enhanced Thermal 

Management 
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Thermal-Mechanical-Electrical Co-designed Solution

Temperature distribution, 150 kW, 1 GPM 
@ 70 oC

3D Printed Non-metallic coldplate

Optimized Jet-Impingement  coldplate
3D Printed with non-metallic material for EMI 
optimization
Busbar is optimized for thermal/stray inductance/ stray 
capacitance 

AdvancedTraditional



Generation: Dual Fuel RCCI of Anode Off-Gas 
(Syngas) / Diesel
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Naphthenic Biofuel-Diesel Blends
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Hydrogen-containing fuels: engines with pre-
chamber



24

Future development: AC meshed grid


