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Figure 5: China is currently the world’s largest market for 
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become central to the average person’s life in the developed world and societies 





Finance’s electric vehicle outlook suggest that a staggering 54 million EVs will be sold each 

The price of producing a battery pack has historically meant that EV “sticker” price, the price 





: China is currently the world’s largest market for EVs, but Europe is expected to overtake in near future. 



pack design are the main drivers of this “sticker” price reduction. However, a

owning an EV from beginning to end of the vehicle’s life. Decreasing the total cost of 

controlling the battery’s boundaries of operation to adapt to changes in the battery’s 

ry pack which doesn’t 
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measurements”, these are the 
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which is indeed the case. The electrode’s chemical potential and hence its OCV are 
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ion battery’s performance diminishes over time due to a phenomenon called 



“Lithium ion battery degradation” and filtering to review papers yields 90 results from 202
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However, in the interest of the reader’s (and writer’s) sanity, here li
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‘dry’ where the 



describes the relative shifting of one electrode’s lithiation compared to the other. This is 



lithiated and delithiated loss using measurements of the cell’s thermodynamics o

              

              

       

       

       

       

   

            

     
  

  

                 
      

                 
      

            

    

    



as a shrinking of the relevant electrode’s bar. This shrinkage is seen at the upper end of 



rode’s bar. In the delithiated case, this shrinkage appears at the upper lithiation of the electrode as there is 
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attery’s 



wouldn’t one just measure these degradation mechanisms and forget completely about 



off between a measurement technique’s usefulness of output, what 

can provide, and the vertical axis gives the technique’s ease of implementation. Finally, a 
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they affect a cell’s dynamic response is through 





voltage doesn’t change much for a significant amount of transferred capacity, known as a 

𝐶ܫ = ݀ܳ݀ ௖ܷ௘௟௟



–



degradation modes on a cell’s ICA curve. Results show that a small number of features from 
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and can successfully detect which mode, if any, is dominant at various stages of a cell’s life.







operando however it’s incapable of quantifying 
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battery that aren’t the desired intercalation reaction. These reactions could be SEI layer 

. This would equate to the entire cell’s 
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electrode’s contribution. This is very clear for OCV maybe less so for entropic coefficient. 

The entropic coefficient is the change in the cell’s voltage when the temper

is changed. The total change in the cell voltage is the change in the positive electrode’s 

voltage minus the change in the negative electrode’s voltage. Hence, the entropic 
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ݔ 𝐶ݔ is the SoC and for the electrodes it’s the lithiation fraction. 



ܳ௖௘௟௟ ܳ௉ா ܳோ ܳோ ܳ௉ாܳோ ܳ௉ா
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priori and is valid throughout the entire cell’s lifetime.
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݇ ௖௘௟௟௞ݍ = ௞ܫ ( ௞ܸ − ௖ܷ௘௟௟(ܳ௖௘௟௟௞) + ௞ܶ ߲ ௖ܷ௘௟௟(ܳ௖௘௟௟௞)߲ܶ )
ఌ݂(⃗ݔ) = (1 + ௅௜ݏ + ௉ாݏ + (௅௜ݔ⃗)݂(ݔ⃗)݂(ோݏ = ௠௘௔௦௞ݍ)∑  −  ௖௘௟௟௞)2ݍ
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electrode capacity seems too high. However, the optimisation routine doesn’t know this 





OCV technique so that the heat generation technique’s results look more appealing. This 
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suggest. In fact, these results would suggest that knowing the ‘correct’ stoichiometric 

analysis will now be performed for the heat generation technique’s different

trough occurs due to the shape of the positive electrode’s entropic coefficient versus state





   

  

  



   

  

  





     

     



parameter identifiability should be conducted to see if one parameter’s value do

concrete evaluation of the diagnostic techniques’ effectiveness can be made –

– –

than standard random sampling. The optimisation routine used is MATLAB’s ‘fmincon’ 
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points during the technique’s use. Therefore, it can be said that the technique is robust to 

capacity. It is important to be aware that this analysis doesn’t provide any information on 
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applicable to any state of degradation, the next section investigates both technique’s 
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to identify a ‘true’ robustness of the technique. This is possible as a simulated measured 
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The parameter’s robustness for the discharge case seem to – –

generation results is to generate the total effect indices for each lithiation limit using Sobol’s 
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Both techniques were tested on a fresh cell and an aged cell. The OCV technique’s results 

echnique’s efficacy as a 

and aged datasets. This could suggest that the heat generation technique’s robustness and 





In the previous chapter, it is seen that the heat generation diagnostic technique’s fits 

aged cell’s heat generation and causing the loss of some of the feat

model in the diagnostic technique’s heat generation model. 
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The speed of the model is evaluated using MATLAB’s “timeit” function which gives the 
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MATLAB’s “timeit” function. The average run time of the model is now found to be 30ms, a 

the standard matrix inversion algorithm. Both model’s runtimes increase linearly with 
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features are captured. Firstly the “knee” at 600mAh is captured by the model and is in a 
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permitted in the manufacturer’s datasheet. The schematic for the experimental set up to 
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The weightings for each load profile’s optimum diffusion parameters are calculated as the 

fraction of that load profile’s information content, ℱ௝ ℱ
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dataset’s fits. 





on what the optimal diffusion parameters were, a sensitivity analysis of each dataset’s fit to 

to be found which was the weighted sum of each dataset’s own optimal 

parameters. The weightings were determined by each dataset’s sensitivity to the parameter 

ܣ
determined. This parameter will remain constant for the entirety of the cell’s lifetime and 
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optimal stoichiometric parameters for each set of initial points are plotted using a ‘scatter 

bar’ plot where the opacity of the point represents the objective function score where more 
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a single ‘point estimate’ of the 
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