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3. Suitable Power Electronic Topologies 

A.  Parallel-connected converter 
shows a parallel-connected converter where a high 

number of battery cells are connected in series in order to create a 
sufficient voltage for the dc-link of the inverterconnected to the 
grid.

B.  Parallel-connected converter with integrated dc-dc 
converter 

are parallel topologies. It has a dc-dc 
converter in each module which provides the capability to charge 
each module with different battery currents. 

C.  Series-connected converter 
shows the series topology. The main advantage of 

this structure is its capability to implement a high voltage dc-link 
using a number of battery modules. However, it may be 
disadvantageous in terms of system reliability. 

D.  Series-connected converter with integrated dc-dc 
converter 
This topology is shown in .The

advantages of this converter include avoiding a high number of 
series batteries and the opportunity charging each module at 
different currents. 

 

  

  
possible multi-modular topologies for second-life battery 

4. Control strategy 

A.  Charge control based on the SOC information 
The ESS system with second life batteries may consist of 

batteries with different charge/discharge rates and nominal 
voltages. Control of the batteries in different states in a system 
may be more challenging compared to the conventional battery 
management systems which mainly deal with the homogeneous 
batteries. The paper in [5] suggested a method to control the 
state-of-charge trajectory of the batteries which have different 
capacities. The method uses an instantaneous current 

sharingmethod to distribute the power among the batteries such 
that their discharge or charge trajectory finishes at the same time. 
It makes sure that the energy delivered/absorbed from each cell in 
a uniform manner to maximize the lifespan of the battery. The 
SOC control strategy for three different battery module is shown 
in

SOC control strategy for the multi-modular topologies [5] 

B.  Bypassing control for the ride-through operation 
Bypassing control could be an important functionality in 

second life battery applications because of its inherent poor 
battery reliability.For the parallel-connected converter, each 
module is connected to the grid independently. When a battery 
module is failed, it can be simply overridden from the system by 
the turning off of its inverter. 

For the series-connected converter, the battery failure is critical 
for the continuous operation and ride-through capability which 
can be achieved by bypassing the faulty battery from the system 
is essential. In addition the rest of theconverters have to operate 
at a higher dc gain to compensate for the voltage of the faulty 
battery.The converter shown in  can perform the 
bypassing function by the turning on the two low side switches or 
two high side switchesas shown in . However, the 
converter shown in  has to useadditional switches to 
implement the bypassing function. 

 
Bypassing control for different topologies 

5. Conclusion 
A short review of technical requirements for using the second 

life batteries has been presented. Three important factors such as 
battery grading, topologies and control strategy are reviewed to 
provide an efficient solution for reuse of electric vehicle battery. 
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