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SELF-DISCHARGE MECHANISMS
⇌ neMn

 neOx ⇌

HQ ⇌ BQ +2H⁺ +2e−         3
OxWhere       = oxidised species

R= reduced species 
M = metals such as iron, manganese and 
titanium  
n = number of electrons transferred per 
molecule of reactant



The Model Equations

The boundary conditions of this task during the capacitor 
charge are as follows:

and the initial condition is as follows:

Self-discharge term



Solution for Model Equations



RESULTS AND DISCUSSIONS
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 Storable energy for device without self-discharge is 101.2 

Wh and  96.50 Wh for with self-discharge.

 Deliverable energy for device without self-discharge is 
100.1 Wh and  82.10 Wh for with self-discharge.

 Total energy loss for device without self-discharge is 
17.21 Wh and  26.98 Wh for with self-discharge.

 Total energy lost due to self-discharge is 9.73 Wh.

 Shuttle ions enters the anode crystal lattice and worsen 
the capacity parameters, cycle life of anode and the 
device in general

 Energy efficiency of the first charge–discharge cycle for 
device without self-discharge is 84.241 % and  64.62 % for 
with self-discharge.

 Energy efficiency of the second charge–discharge cycle 
for device without self-discharge is 84.244 % and  64.63 % 
for with self-discharge.
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CONCLUSIONS 
 The model is generic and applies to any symmetric EDLC via 

applicable self-discharge mechanism(s);
 Diffusion coefficient, impurity concentrations and thickness of 

separator strongly influences the self-discharge;
 models with self-discharge took longer time to charge the device 

to designed voltage and discharges stored energy faster than 
those without self-discharge;

 Shuttle ions worsen the capacity parameters, cycle life of 
anode and the device in general.

 Fully charged capacitors with self-discharge and            = 0.05 
S/cm on storage takes 4.2 days to be fully discharged by self-
discharge for case 1;

 EDLCs charge, discharge and storage time is significantly 
dependent on self-discharge effect, and is great to be ignored 
especially in devices designed for long charge and discharge.
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