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Objectives

ÅTo improvethe safety,resiliency andreliability aspectsof lithium ion

basedBatteryEnergyStorageSystem(BESS),usingthepowerconverter

andits control,interfacedto thegrid.

o To developmodular,transformer-lessmultilevelinvertertopologies

for gridintegrationof BESS.

o To developself-battery managementsystem(BMS) using power

converterperformingstateof charge(SoC) balancingscheme.

o To addressresilientoperationof energystoragesystemwith the

interfacingconverterunderadversegridscenarios.

o To developaccurateequivalentcircuitmodelsof Li-ion batteriesfor

Stateof ChargeandStateof Healthestimation.

o To identifycomponentlevelreliabilityparametersfor SiCMOSFET,

battery,etc, byperformingacceleratedlife tests.

o To evaluatethe component-levelremainingusefullife (RUL) index

for SiC-FET and Li-ion batteries; and to predict the system-level

RUL for gridconnectedmodularBESconvertersystem.

Fig. 1. Grid connected BESS.
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Milestones and Targets

Year Milestones Deliverables Target

Year1

(Completed)

Å To developa grid connected

multilevel convertertopology

for BESS with self-battery

managementsystem.

Å A single phase 1kW laboratory

scale hardware prototype using

CHB converter to verify the

proposedSoCbalancing scheme

To achieve more than 50 %

improvement in rateof SoCbalancing

usingratedcurrentoperationcompared

to Unity PowerFactor(UPF) operation

athalf thepowerexchange.

YearII

(Completed)

Å To address resilient BESS

operation through power

converterunder adversegrid

conditions;

Å To identify state of health

indicatorsof powerelectronic

componentsin aBESS.

Å Improved equivalentcircuit model

of Li-ion batteries considering

effectof SoCandtemperature.

Å Reliabilityevaluationprocedurefor

SiCdevicesathightemperatures.

To develop SoC and temperature

dependent equivalent circuit model

(ECM), with model accuracy

improvementabove50%.

To develop reliability evaluation

modelof SiCpowerMOSFETs.

YearIII

(Ongoing)

Å to develop an integrated

approach to predict system

level RUL of BESS using

powerconverters

Å Prediction algorithm to evaluate

overall reliability and RUL of

powerdevicesandbatteriesfor safe

operationof

ᵟ To predict systemlevel BESSRUL

with anestimationerrorof lessthan500

Hrs. in about20years.
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Resilient BESS Operation under Adverse Grid Scenarios

Jean M. L. Fonseca, Krishna Raj and Kaushik Rajashekara. "Active Power Balancing Techniques for Resilient Battery Energy 

Storage Systems Under Asymmetric Grid Voltage Scenarios", submitted to APEC 2021 - Phoenix, Arizona.
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Resilient BESS under Asymmetric Grid Voltage Scenarios through 

Active Power Balancing
ÅBESSneedsto provideresilientoperationwhileprovidinggrid voltage

support/varcompensationduringadversegridvoltageconditions.

ÅExample: low voltageride-through(LVRT) operationof BESSduring
adversegridvoltagescenariossuchasundervoltageandvoltagesag.

ÅDevelopeda ModularMultilevelConverter(MMC) topologyto achieve
resilientoperationfor BESSusingactivepowerbalancingscheme.

Fig. 2.  MMC-based BESS power circuit.

(d) (e)(c)(b)

Fig. 3. (a) Grid voltages; (b) MMC leg power without power balancing; (c) average per phase SOC without power balancing; (d) MMC per-phase power with 

power balancing; (e) average per phase SOC with power balancing.

(a)

Asymmetric Grid Voltage Condition

Active Power Deviation Active Power Balancing
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Characterization and Modeling of Li-ion Batteries

Jean M. L. Fonseca, Gnana Sambandam Kulothungan, Krishna Raj, Kaushik Rajashekara, and Stan Atcitty ñA Novel State of 

Charge Dependent Equivalent Circuit Model Parameter Offline Estimation for Lithium-ion Batteries in Grid Energy Storage 

Applications,ò accepted for IAS Annual Meeting 2020- Detroit, Michigan.
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Offline Li-ion Battery Characterization for BESS BMS

ÅImprovedequivalentcircuitmodels(ECM)is developedto obtainaccurate

stateof charge(SOC)andstateof health(SOH).

ÅThecircuitparametersareobtainedthroughsubspaceidentification:

o Methodology1 (RC-Model): usesthewholedatasetto find auniquemodel.

o Methodology2 (RC-SOC Model): usesdatasetat everySOC to find several

models.

ÅObtainedECMs areusedto correlatethe parameterswith the SOCand

temperaturethroughpolynomialregression,to developuniqueECM.

ÅThe developedmodel improvesthe accuracyof the terminal voltage

estimationbyapproximately50%.

Fig. 4. Equivalent circuit model.

Fig. 5. Dynamic load profile for a given SOC.

Error
MODEL

1RC 2RC 1RC-SOC 2RC-SOC

T=35oC

RMSE 17.6 mV 14.4 mV 8.3 mV 7.3 mV

T=25oC

RMSE 23.3 mV 18.8 mV 9.9 mV 8.4 mV

T=15oC

RMSE 35.5 mV 30.3 mV 15.5 mV 13.1 mV

TABLE I. RMSE COMPARISON FOR DIFFERENT MODELS
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Remaining Useful Lifetime (RUL) Prediction of Power 

Converters

Amin Rahnama Sadat, Harish Sarma Krishnamoorthy, Kaushik Rajashekara. ñPowerFET Reliability Evaluation based on

Thermal Equilibrium during Mission-Profile Characterizationò,IEEE Power Electronics, Drives and Energy Systems (PEDES)-

2020, Jaipur, India.
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Device Level Reliability Evaluation at High Temperature

ÅComponent-levelreliabilityevaluationneedsdegradationdataset. We takethe

evaluationprocedureto next level through reliability evaluationat high

temperature.

ÅHigh-TemperatureComponent-levelRUL predictioninvolves:

o PowerandThermalcyclingon SiC-MOSFETDevices-Under-Test(DUT)

ÁInjectingmaximumDC currentandheatto DUT duringON timeoperation.

o JunctiontemperatureandRDS(ON) measurementof DUT astemperature-sensitive

electrical-parameters(TSEP).

o Evaluationof RUL of DUT basedon captureddegradationdata.

ÅHealth indicator RDS(ON) is fitted to an exponentialequation(RDS(ON) =
ὥz Ὡ ) to model the componentlevel behaviorduring the operational
lifetime.
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Fig. 6. The test setup for SiC-MOSFET degradation

(a) Schematic (b) experimental Tamb =75°C.

Fig. 7. The schematic of degradation cycle 

(power and thermal cycling). 

Fig. 8. The captured RDS(ON) data for DUT degradation at Tamb=75°C(a) DUT1 

(b) DUT2.


