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Abstract—Lithium-ion Batteries (LIBs) have come a long way 

with various improvements to make them more efficient, 

compact, and safe while simultaneously enhancing the energy 

density and cycle life. If it is possible to improve the technicalities 

to lower the cell cost by indicating some potential solutions, the 

economic issues in LIBs automotive applications can be 

addressed. This study intends to approach a bottleneck solution 

for pure Electric vehicle (EV) cost reduction. The BatPaC 5.0 

modeling tool is used to examine different cell chemistries 

(NMC811-Graphite(Gr), NCA-Gr, LFP-Gr, LMO-Gr, and 

50%/50%NMC532/LMO-Gr) and determine the accuracy of the 

hypothesis made on the effect of positive electrode coating 

thickness of LIBs, on the cell cost, gravimetric energy density 

and volumetric energy density in high volume production. Using 

the above assumption, it is obtained that doubling the coating 

thickness of the positive electrode from 60 to 120 μm, reduces the 

cost in all cell types. But the highest by ~20% in LFP-Gr. And it 

emerges that increasing the positive electrode coating thickness 

of LIBs, lowers the cell cost whilst improving the gravimetric 

energy density and volumetric energy density. Therefore, the 

positive electrode coating thickness can be considered a crucial 

parameter in cell cost reduction. 
 

Keywords— BatPaC, cell cost, EV, LIBs, modeling 

I. INTRODUCTION 

Concerns regarding air pollution, climate change, and 
overpriced and unstable fossil fuel supplies have created an 
increased interest in alternative fuel vehicle options to replace 
internal combustion engine vehicles (ICEV). One such option 
is the battery electric vehicle (BEV) which uses 
electrochemical batteries to power up its electric motors [1]–
[3]. A battery pack is composed of many cells compacted in a 
few battery modules. There can be different series and parallel 
connections between groups of cells and/or modules  [1]–[3]. 
Among the many battery types, Lithium-ion Battery (LIB) has 
become one of the most popular and potential in automotive 
applications recently [1], [4]. The combined efforts of Stanley 
Whittingham, John B. Goodenough, and Akira Yoshino have 
paved the path for the first-ever commercial LIB in 1991 [21]. 
Over the last 30 years, LIBs have come a long way with 
various improvements to make them more compact and safe 
while enhancing the energy density and cycle life [5]. 

 The performance of a battery directly relates to the cell 
properties as well as the number of cells connected serially 
and/or parallelly in the pack [4]. BEVs are generally costlier 

than ICEVs, due to the high battery pack cost. However, for 
the long-term market sustainability of EVs, cost reduction is 
essential [1]. Enhancing battery performance and reducing the 
price of batteries rapidly in mass production are key research 
questions today [2]. Conducting modeling to choose cell 
design options and materials at the cell level considering cost 
reduction in higher volume production is necessary for high-
quality battery development. 

LIB is a complicated system that consists of several 
components [4]. As Fig. 1 shows, usual rechargeable LIBs 
consist of two electrodes; anode and cathode, an electrolyte, a 
separator, and current collectors [6]. 

 

Fig. 1. Schematic diagram of the rechargeable LIB [6]. 

According to Fig. 2, the layering shows how a prismatic 
cell is stacked. In an enclosed container, the layers of the 
negative electrode (anode), separator, and positive electrode 
(cathode) are soaked with an electrolyte [1]. The separator is 
used to avoid the contact between the cathode and anode, 
whilst allowing ionic conduction in the cell supplied by the 
electrolyte [7]. 

Many studies related to battery materials have focused on 
the effect of cell design on the battery cost. Yet, aspects such 
as the effect of the electrode coating thickness on the cost have 
not received sufficient attention. Previous literature suggests 
that electrode coating thickness plays a vital part in cost 
deciding [1], [21], [22]. 

This study investigates the hypothesis that increasing the 
positive electrode coating thickness (μm) of LIBs lowers the 
cell cost ($/kWh) while improving the volumetric energy 
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density (Wh/L) and gravimetric energy density (Wh/kg) in 
mass production, considering different cell types as case 
studies. 

 
Fig. 2. Schematic configure of the inside of a prismatic cell showing the 

positive electrode coating thickness [1]. 

Most literature on LIB’s cost analysis has focused on new 
materials with advanced properties. However, optimizing the 
present battery design can still lower the cost significantly by 
improving the battery performance [8]–[11]. It is challenging 
to determine which battery configuration or the cell chemistry 
is the best without a rigorous approach to compare them under 
various aspects. Out of the various approaches focusing on LIB 
cost, Battery Performance and Cost (BatPaC) modeling tool is 
one of the most holistic tools capable of evaluating a broad 
range of LIB configurations. Thus, it includes both modelings 
of cell design and cost analysis [12]–[18]. 

II. METHOD 

 
The main focus of this study is BEV applications. 

Therefore, the existing pure EV battery standards were used 
to carry out this modeling [22] Following Fig. 3 shows the 
configuration of a prismatic cell. 

 
 

Fig. 3. Configure of the prismatic cell [19]. 

A. Battery types 

Table I describes the cathode materials used for this study. 
Five battery types based on their cell chemistries are 
considered. Graphite is the most common and in-demand 
anode material among the commercial LIBs as it has better 
structural stability, high theoretical capacity (372 mAh g-1), 
and low electrode potential (0.2-0.01 V) [23]. The cathode 
materials were selected in order to examine and address the 
current challenges in LIBs in automobiles while reducing the 
cost, the cathode materials NMC811, NCA, LFP, LMO, and 

50%/50% NMC532/LMO were selected for this analysis 
based on previous studies. 

TABLE I.  SELECTED CATHODE MATERIALS AND THEIR DESCRIPTIONS 

Abbreviation Acronyms Composition 

NMC811 
Lithium nickel cobalt 

manganese oxide 
LiNi0.8Co0.1Mn0.1O2 

NCA 
Lithium nickel cobalt 

aluminum oxides 
LiNiCoAlO2 

LFP 
Lithium iron 

phosphate 
LiFePO4 

LMO 
Lithium manganese 

oxide 
LiMn2O4 

50%/50% 
NMC532/LMO 

- 
50% - LiNi0.5Co0.3Mn0.2O2 

50% - LiMn2O4 

B. Battery design 

LIB prismatic cells have relatively longer lifespans as well 
as being lighter and thinner than cylindrical cells [20]. Thus, 
the modeling was based on prismatic cells. The BatPac 5.0 
was used to design all the above-mentioned cell types. 

Each electrode consists of a current collector made of 
either aluminum (Al) or copper (Cu) foil; positive electrode – 
Al and negative electrode – Cu. Both sides of these foils are 
coated with active electrode materials bonded side by side by 
a polymeric binder. The electrolyte is there within the pores 
of the separator, the positive and, the negative electrodes [22] 
Some of the cost-sensitive cell parameters are the electrode 
materials quantity, capacity, porosity, and area of the 
electrode, according to past studies. Hence, they were kept as 
the default values to avoid the material biased comparison [1], 
[22]. 

Usually, the coating thicknesses of both negative and 
positive electrodes are different from each other as one of 
them can be thicker than the other. However, the material-
dependent anode to cathode ratio of surface capacity explains 
the cell balancing and it should be greater than 1 to intensify 
the durability and stop lithium plating [1]. Thus, maintaining 
that condition, to illustrate the hypothesis, the positive 
electrode coating thicknesses are varied from 60 μm (Battery 
1) to 120 μm (Battery 7). Table II given below displays the 
selections of the cathode thicknesses with their battery names. 

TABLE II.  SELECTTIONS OF THE POSITIVE ELECTRODE THICHNESSES 

AND THE BATTERY NAMES 

Positive electrode coating 
thicknesses (μm) 

Battery Name 

60 Battery 1 
70 Battery 2 
80 Battery 3 
90 Battery 4 
100 Battery 5 
110 Battery 6 
120 Battery 7 

 

Since the BEV application is considered, the maximum 
coating thickness lies between 50 μm to 100 μm as per the 
literature [1]. For this study, 60 μm is taken as the lower limit 
since electrodes thinner than 50 μm will not be cost-effective 
for automotive applications while 100 μm is shown as the 
current maximum realistic thickness in automotive 
applications, for mechanical integrity, longevity, and 
processability reasons [1]. Yet, considering the technological 
advancements over time, this study selected 120 μm as the 
upper coating limit. Beyond 120 μm the gravimetric energy 
density and the volumetric energy density decrease rapidly as 
the electrode thickness increases. Therefore, a 120 μm margin 



can be taken as the critical thickness. The cell polarization, 
porosity, and underutilization of active materials can be a 
reason or reasons for this limiting the energy densities [24], 
[25]. These cells are designed with five cathode materials (X) 
and seven different positive electrode (cathode) coating 
thicknesses by keeping the anode to cathode ratio of surface 
capacity to the default value of 1.10 as a fixed variable. Table 
III shows some common default values used for this study. 

TABLE III.  COMMON DEFAULT VALUES USED FOR ALL CELL TYPES 

Electrode Couple X-Gr 

Positive Electrode:(X)  

Void volume fraction, % of positive electrode 25 

Positive foil thickness, mm 15 

Maximum positive electrode thickness, µm 120 

  

Negative Electrode: Gr  

Negative active material specific capacity, mAh/g 360 

N/P capacity ratio after formation 1.10 

Void volume fraction, % of negative electrode 25 

Negative current collector thickness, µm 10 

  

Separator thickness, µm 15 

  

Maximum charging current density, mA/cm² 9.00 

C. Total cost calculation 

For this study, the default price values of the most recent 
updated version of BatPaC 5.0 by 8th March 2022 were used. 
The reasons for choosing this model are the model accuracy 
and contribution discussed in the literature [12]–[18], [22]. 
Here, the total cell cost calculation is done under three different 
sections: Material cost, purchase cost, process and other costs. 

1) Material cost 

The main contributors here are the electrolyte, both 
electrode active materials, current collector foils, and 
separator. Table IV displays the default prices for a positive 
electrode coating thickness (60 μm) in all cell types. 

TABLE IV.  DEFAULT PRICES FOR A POSITIVE ELECTRODE COATING 

THICKNESS OF 60 MICROMETERS IN ALL CELL TYPES 

Cell type Positive electrode 

active material, kg/yr 

Positive electrode 

active material, $/kg 

NMC811-Gr 144,880,122 26.0 

NCA-Gr 153,840,109 26.0 

LFP-Gr 220,053,009 10.0 

LMO-Gr 244,209,923 09.0 

50%/50% 
NMC532/LMO-Gr 

195,919,151 16.5 

 

These applied validations rely on, private communications 
from equipment manufacturers, cell manufacturers, materials 
suppliers, and original equipment manufacturers (OEM) 
based on the global market values. All costs and prices are in 
US dollars. The production quantity considered for this study 
is 1 million of 60 Wh cells per year. 

2) Purchase cost 

For the purchase cost, materials and other components 
needed for the cells, modules, and battery are considered. This 
was calculated using the mass of the item and its cost per 
kilogram. 

The total Purchase cost equation is as follows: 

Purchase cost �  �� � ��                                          �1� 

Where, mi is the weight of item i (kg), and Ci is the cost of 
item i ($/kg). 
 

3) Process and other costs 

 This includes manufacturing costs like labor cost, 
devaluation of equipment, operating and maintenance costs, 
and indirect factory costs. For this study, the common, default 
manufacturing plant included in this modeling tool is used for 
the computations [22]. It is shown below in Fig. 4. 

 

Fig. 4. Schematic diagram of LIB manufacturing plant [12]. 

III. RESULTS AND DISCUSSION 

 Within this section, the simulated results are presented, 
analyzed, and discussed. 

A. Effect of positive electrode coating thickness on cost 

The ideal maximum positive electrode thickness for each 
cell type according to the cheapest cost can be determined by 
using Fig. 5. According to the results shown in Fig. 5, the 
cheapest cell type for the positive electrode coating thickness 
of 60 μm is NMC811. This result was predicted since NMC 
is a material used most widely in LIBs in automotive 
applications. Then NCA cell is slightly more expensive. The 
50%/50% NMC532/LMO is the most expensive at 60 μm. 
LMO and LFP cells lie between the NMC cell and 50%/50% 
NMC532/LMO cell, respectively. NMC811 is 11.3% cheaper 
than 50%/50% NMC532/LMO at 60 μm. However, when the 
coating thickness increased gradually, the cell costs $/kW of 
all five cell types were reduced. At 120 μm coating thickness, 
the cell cost varies from the most expensive to the cheapest as 
NCA > 50%/50% NMC532/LMO > NMC881 > LFP > LMO 
respectively. Therefore, LMO is 7.4% cheaper than NCA at 
120 μm. The Table V shows the reduction in total cost 
analysis when the positive electrode coating is doubled from 
60 μm to 120 μm in each cell type. 

For further evaluation, a breakdown of the cell cost for 
each cell type according to the positive electrode coating 
thickness is shown in Fig. 6. The cost reduction between the 
most expensive (60 μm - Battery 1) cell and the cheapest cell 
(110 or 120 μm - Battery 6 or 7 respectively) in each battery 
type is shown in Fig. 6. Here, the most impacted cost 
categories such as total material cost, total purchased cost, and 
cost of battery management system are chosen for better 
explanation. Out of these three costs, the total cost of 



materials is the parameter most affected in the cost 
calculation. Thus, further discussion is based on that. The 
material cost reduction ranges of 60 and 110 or 120 μm is: 
2.1% for NMC811, 8.6% for NCA, 19.4% for LFP, 18.8% for 
LMO, and 13.2% for 50%/50% NMC532/LMO. This 
indicates that by doubling the positive coating thickness, the 
cell cost can be reduced, which is the first hypothesis 
investigated in this study. 

 
 

Fig. 5. Cell cost ($/kWh) comparison for five positive electrode materials 

and a variable maximum coating thickness (μm) 

TABLE V.  PERCENTAGE OF THE TOTAL COST REDUCTION IN EACH 

CELL TYPE WHEN THE POSITIVE ELECTRODE THICKNESS IS DOUBLED. 

Cell type Total cost reduction as a 

percentage (%) 

NMC811-Gr 8.5 

NCA-Gr 8.5 

LFP-Gr 17.5 

LMO-Gr 16.9 

50%/50% NMC532/LMO-Gr 16.0 

 

Fig. 6. Cost breakdown of all cell types cell cost ($) for two maximum 

coating thicknesses (60 and 110/120 μm) 

Considering Fig. 6, LFP and NMC811 achieved the 
highest and lowest cost reduction respectively, further 
explanations are carried out related to LFP and NMC cell 
chemistries for better understanding. 

Fig. 7 and Fig. 8 show the cost breakdown for the LFP and 
NMC811 cell types, for two individual positive electrode 
coating thicknesses. By comparing these two charts, it is clear 
that the section on materials and components and, process cost 
are affected. The main reasons for these cost reductions are 
the limiting of non-active components and the electrode 
surface and the reduction of the number of layers per cell, 
respectively. Therefore, regardless of the battery chemistry, 

the overall cost reduction per cell is achieved successfully. 
Table VI shows how the total material cost in NMC811 and 
LFP is reduced due to the lower usage of non-active 
components. 

 

Fig. 7. Cost breakdown with the cost of materials, purchased items, and the 

manufacturing processes of battery 1 (60 μm) and battery 7 (120 μm) of LFP. 

 

Fig. 8. Cost breakdown with the cost of materials, purchased items, and the 

manufacturing processes of battery 1 (60 μm) and battery 6 (110 μm) 
of NMC811. 

Table VII shows the most effective quantitative data in 
cost reduction in different stages of the manufacturing process 
in NMC811 and LFP battery types to reduce the number of 
layers per cell varies with positive electrode coating thickness.  

Using Fig. 6 and Fig. 7, the highest cost reduction is 
shown by LFP. It is already determined that due to the 
material cost reduction. Hence furthermore inquiry on this can 
be done in Fig. 9. It is apparent that the cost of positive active 
material increases when positive electrode coating thickness 
doubles. Yet, overall material cost is lower in battery 7 (120 
μm) than in battery 1 (60 μm). There can be two reasons for 
this. 

TABLE VI.  THE TOTAL MATERIAL COST REDUCTION IN NMC811 AND 

LFP BATTERY TYPE. 

 

NMC811 LFP 

Battery 1 

(60 μm) 

Battery 6 

(110 μm) 

Battery 1 

(60 μm) 

Battery 7 

(120 μm) 

Positive active 
material 

$ 3,767 $ 3,786 $ 2,201 $ 2,209 

Negative active 
material 

$ 981 $ 987 $ 1,085 $ 1,091 

Carbon additive $ 21 $ 21 $ 32 $ 32 

Binders $ 65 $ 66 $ 91 $ 91 

Solvents $ 186 $ 187 $  282 $ 283 

Positive current 
collector 

$ 87 $ 48 $ 171 $ 86 

Negative current 
collector 

$ 551 $ 307 $1,066 $ 544 

Separators $ 681 $ 374 $ 1,346 $ 677 

Electrolyte $ 329 $ 304 $ 520 $ 463 

Total Material 

Cost 
$ 6,669 $ 6,025 $ 6,793 $ 5,477 



TABLE VII.  THE COST REDUCTION IN DIFFERENT STAGES OF THE 

MANUFACTURING PROCESS IN NMC811 AND LFP BATTERY TYPES. 

 
NMC811 LFP 

Battery 1 

(60 μm) 

Battery 6 

(110 μm) 

Battery 1 

(60 μm) 

Battery 7 

(120 μm) 

Electrode 
processing cost 

$ 557 $ 455 $ 837 $ 634 

Cell assembly 
cost 

$ 397 $ 364 $  517 $ 409 

Formation 
cycling, testing 
& sealing cost 

$ 545 $ 546 $ 563 $ 564 

 

 

Fig. 9. Total material cost comparison of LFP for 60 μm 

(battery 1) and 120 μm (battery 7) thickness 

 The first reason is if a material with a higher gravimetric 
energy density (Wh/kg) needs a smaller quantity of materials 
to obtain the same energy [1]. Therefore, the additional cost 
might be lower, even if the material is overpriced. This is 
illustrated in Fig. 10. 

 The second reason is that a material with a higher 
volumetric energy density requires a smaller volume to 
generate the same amount of energy. Therefore, the coating 
area of the current collector would need to be coated less for 
a constant porosity. Thus, the cost for the non-active 
materials, process time, and cost fee are deducted [1]. This is 
shown in Fig. 11.  

 All the cell types are shown in Fig. 12, increase the cell-
specific energy with the increment of the positive electrode 

maximum coating thickness. Further, they all agree on the 
above-mentioned first reason regardless of the cell type. 
Nevertheless, as shown in Fig. 13, when it is doubling the 
positive electrode coating thickness from 60 to 120 μm, the 
volumetric energy densities are also increased. When 
doubling (120 μm) or almost doubling (110 μm) the coating 
thickness of the positive electrode, the cell cost reduces whilst 
the gravimetric and the volumetric energy densities go higher. 

 
Fig. 10. The gravimetric energy density (Wh/kg) and cell cost ($/kWh) 

comparison for LFP vary with the maximum coating thickness (μm). 

 Therefore, using these results, a critical positive electrode 
thickness can be obtained in each cell type as shown in Table 
VIII. But to have the optimum electrode thickness without 
compromising the cell performance is yet to be investigated 
experimentally with more variables and conditions. To obtain 
the same energy, a small amount of material is enough if its 
gravimetric energy density is higher. Therefore, the cost 
needed for the positive electrode coating is deducted 
automatically. 

 
Fig. 11. The volumetric energy density (Wh/L) and cell cost ($/kWh) 

comparison for LFP vary with the maximum coating thickness (μm) 
 

 

Fig. 12. The Gravimetric energy density (Wh/kg) comparison for five positive 

electrode materials and a variable maximum coating thickness (μm) 

 Further, if the material’s volumetric energy density is 
higher for a given porosity, a smaller volume in the coating is 
capable of achieving the same amount of energy. Therefore, 
the electrode surface and the reduction of the number of layers 
per cell to achieve that energy are reduced. Thus, the costs for 
the manufacturing, non-active materials, testing, material 
purchasing, and process timing are deducted. The durability 
is increased, and the thicker the coating is. Therefore, the 
aging capability gets lessened with the increase of the 
electrode coating thickness. For durability optimization, 
BatPaC recommends limiting the useable energy to 85% of 
the total energy for EV applications. 

 
Fig. 13. The Volumetric energy density (Wh/L) comparison for five positive 

electrode materials and a variable maximum coating thickness (μm) 



TABLE VIII.  THE CRITICAL POSITIVE ELECTRODE COATING THICKNESS 

OF EACH CELL TYPE. 

Cell type 
Critical electrode thickness 

(μm) 

NMC811-Gr 110 

NCA-Gr 110 

LFP-Gr 120 

LMO-Gr 120 

50%/50% NMC532/LMO-Gr 120 
 

 The lessen the cell’s mass and size, the cheaper the battery 
modules and pack. Since the lightweight battery improves 
energy consumption, it increases the demand among EV 
consumers. The increment of the coating thickness reduces the 
cell mass as well as the cost due to the reduction of the non-
active parts of the cell. 

IV. CONCLUSION 

The goal of this analysis was to examine the effect of the 
positive electrode coating thickness of LIBs on the cell cost, 
gravimetric energy density, and volumetric energy density in 
high volume production. It was found that the increment of the 
positive electrode coating thickness of LIBs in all cell 
chemistries (NMC811, NCA, LFP, LMO, and 50%/50% 
NMC532/LMO), lowers the cell cost whilst improving the 
gravimetric and volumetric energy densities of the cells. Thus, 
this modeling was able to conclude the accuracy of the 
hypothesis. Therefore, the coating thickness of the positive 
electrode should be considered a pivotal parameter in 
analyzing cell cost for the above LIBs. 
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