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WHAT IS A SUPERCAPACITOR? 

ÅEnergy storage technology 

ÅElectrodes immersed in electrolyte 

ÅEnergy stored electrostatically 

ÅHighly reversible process 

ÅExtremely large capacitances feasible 

ÅCells can easily be combined to form large storage banks 



PROPERTIES 

SUPERCAPACITOR 

ÅHigh power density 

ÅLow energy density 

ÅElectrostatic energy storage 

ÅHighly reversible 

ÅShort time-scale 

BATTERY 

ÅLow power density 

ÅHigh energy density 

ÅElectrochemical energy storage 

ÅLimited reversibility 

ÅMedium time-scale 

ÅTechnologies compliment each other well 

ÅCombined, have very good applications in 
renewable energy 



SUPERCAPACITOR LIFETIME 

ÅEnd of life: 

ÅCell capacitance ð 80% of initial 

value 

ÅCell ESR ð 200% of initial value 

ÅRest period effects 

ÅCell capacitance recovers as a 

function of rest period time 

ÅLifetime evolution 

ÅInitial exponential decrease 

ÅLinear decay 

ÅFinal exponential decay 

ÅFactors that accelerate aging 

ÅTemperature 

ÅTerminal voltage 

ÅDuty cycle 



PURPOSE 

ÅExperimentally predict, under rated conditions: 

ÅLifetime under continuous cycling 

ÅEvolution of cell parameters 

ÅProvide data for future prediction of supercapacitor system health 



METHODS - CYCLING 

ÅEIS Tests After: 

Å0 cycles 

Å1000 cycles 

Å5000 cycles 

Å25000 cycles 

ÅRest periods minimized as much as 

possible 

ÅVoltage Range: 

Å1.3 V ð 2.3 V 

ÅCycling Current: 

Å50 A 

ÅCycle Pause: 

Å5 sec 

ÅAmbient Temperature: 

Å~ 22 °C 



TESTING SETUP 



CYCLING PROCEDURE 



METHODS ð EIS TEST 

ÅGamry 3000 Potentiostat/Galvanostat 

ÅFrequency: 

Å10 mHz ð 10 kHz 

ÅDC Bias: 

Å1.3 V 

ÅAC Current: 

Å1 ARMS 



BODE PLOT 



CELL CAPACITANCE 

Cycle Cell Capacitance (F) 

0 3035 

1000 2838 

5000 2818 

25000 2799 

Lifetime Estimation: 

639,000 cycles 



CELL ESR 

Cycle ESR (mɋ) 

0 1.15 

1000 0.288 

5000 0.339 

25000 0.279 




