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ABSTRACT 

 

The purpose of this project was to develop a large capacity Li-ion battery for renewable 

energy storage, considering not only the performance but also the cost and safety related to the 

battery. Electrical batteries are devices in which chemical energy is stored and converted to 

electrical energy on demand through electrochemical reactions. They are composed by cells, 

which have three main parts: cathode, anode and electrolyte. In Li-ion batteries, lithium ions 

move from the anode through the electrolyte and reach the cathode during discharge and move 

back when charging. The materials chosen in the project were lithium iron phosphate for 

cathode due to its specifications and potential as an environmentally friendly material and 

graphite for anode because it is a widely studied and predictable material. A cost analysis for 

implementing the plant was made and it would cost MU$ 46,76 to build the plant and purchase 

the equipment (grass root plant cost). The annual operational cost would be MU$ 13,21. 

Battery’s market price is settled in U$ 650,00 per set and the payoff time of the investment cost 

is 5 years. 

 

Key words: Li-ion battery; Sustainability; Plant Design; LiFePO4 

  



 
 

RESUMO 

 

Este projeto teve por objetivo desenvolver uma bateria de íon-lítio de alta capacidade 

para armazenamento de energia renovável, considerando não apenas sua performance, mas 

também seu custo e segurança. Baterias elétricas são dispositivos nos quais energia química é 

armazenada e convertida em energia elétrica sob demanda através de reações eletroquímicas. 

Estas são compostas de células e contêm três principais partes: catodo, anodo e eletrólito. Em 

baterias de íon-lítio, íons de lítio se movem através do eletrólito do anodo para o catodo durante 

a descarga da bateria e do catodo para o anodo durante a carga. Os materiais escolhidos no 

projeto foram fosfato de íon-lítio para o catodo devido às suas especificações e sua potencial 

sustentabilidade e grafite para o anodo pois este é um material amplamente estudado e 

previsível. Foi desenvolvida uma análise de custo para implementação da planta de produção e 

sua construção e aquisição de equipamentos teria um custo de MU$ 46,76. O custo operacional 

anual seria de MU$13,21. O preço de mercado da bateria está definido em U$ 650,00 por set e 

o tempo de retorno do custo de investimento é de 5 anos. 

 

Palavras-chave: Bateria de íon-lítio; Sustentabilidade; Projeto de Planta; LiFePO4 
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1. INTRODUCTION 

The energy produced from non-renewable sources is a deliberate threat to sustainability, 

especially due to the emission of greenhouse gases. Thus, it is important to develop devices that 

are compatible with the need of establishing a sustainable and environmental friendly 

community.  Society, then, must make major changes to its energy supply and utilization 

systems. [1] 

Batteries are devices that contain two electrodes with different chemical potentials 

connected by a conductive material, the electrolyte. Electrons flow spontaneously from the 

more negative electrode to the more positive electrode when the battery is connected to an 

external device. Ions are transported through the electrolyte and then the electrical energy 

produced can be tapped by the external circuit. Hundreds of electrochemical couples were 

proposed during the 19th and early 20th centuries. [2] 

Regarding to the battery production itself, there are safety concerns about runaway 

reactions which can lead to fires, explosions or internal short-circuits. Therefore, improvements 

in monitoring and management are essential in Lithium-ion batteries to fulfil their potential in 

the automotive market. Lithium-ion batteries would also need to reduce their carbon footprint. 

If Lithium-ion batteries are to take place as the batteries of the future, its demand is also 

concerning. Lithium is found in mines and also in unlimited quantities in sea water. Lithium 

extraction from brines is much greener (requiring just solar energy) than conventional mining. 

The demand for lithium could also be eased by recycling. [2] 

In secondary or rechargeable batteries, a larger voltage applied in the opposite direction 

can cause the battery to recharge. Not all the batteries are developed equally: nickel-cadmium 

(NiCd) batteries, for example, need to be fully discharged, otherwise they quickly lose capacity 

due to a widely known fact called memory effect. Lithium-ion (Li-ion) batteries, contrariwise, 

have a long life and do not suffer with memory effects. Those batteries operate at higher 

voltages, have smaller sizes and hold the charge more efficiently. Most of the high-quality 

portable devices manufactured nowadays profit from this technology. [3] 

Li-ion batteries have, as main advantages, a high energy density, low self-discharge, 

low maintenance and high current. Those aspects are to be described more effectively through 

the next section. 

The purpose of this project was to develop a large capacity Li-ion battery for renewable 

energy storage, considering not only the performance but also the cost and safety related to the 
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battery. The challenge was to find the best Lithium-ion battery compound (in terms of deep-

cycling capability, cost and sustainability) suitable for renewable energy applications.  
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2. LITERATURE REVIEW 

2.1  BATTERY 

Electrical batteries are devices in which chemical energy is stored and converted to 

electrical energy on demand through electrochemical reactions. They are composed by cells, 

which have three main parts: cathode, anode and electrolyte, which will be detailed separately 

through this section. Cathode and anode can be both referred as half-cells and they cannot have 

contact with each other, so the presence of a separator is necessary [4]. 

Batteries can be classified in two forms: primary and secondary. Primary batteries can 

only be used once, while secondary batteries (rechargeable batteries) can be charged and 

discharged multiple times. Secondary batteries are used in portable devices, light vehicles and 

many other applications [4]. 

Redox reactions are responsible for generating power in a battery. Anions in the anode 

are oxidized and its electrons flows through the electrolyte and cations present in the cathode 

absorb those electrons. This generates the electricity until one electrode runs out of the 

substances necessary for the redox reaction. The charge is conducted to the outside of the 

battery and through the load by the collector [4]. 

The electrical driving force across the cell is the terminal voltage, measured in volts (V). 

The terminal voltage in a charging cell is always smaller in magnitude than the theoretical 

voltage, while it exceeds the theoretical voltage when charging due to the internal resistance. 

An ideal battery does not exhibit internal resistance [4]. 

In Lithium-ion (Li-ion) batteries, lithium ions move from the anode to the cathode 

during discharge and move back when charging, as it can be seen in Figure 1. 

 

Figure 1. Charge and discharge processes in a Li-ion battery. 
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The currently used cathode lithium cobalt oxide (LiCoO2) has a low-medium cost, but 

cobalt is toxic, compromising the safety of the battery. The current graphite (carbon) anode has 

low prices and is relatively safe although it has a low theoretical capacity compared to other 

potential materials. Due to those constrains, new electrodes are being developed. Different 

electrodes will be described further in this section [4]. 

 

2.2 CATHODE 

A cathode, also known as the positive pole, is a positively charged electrode. Due to this 

charge, the electrons flow into it when redox reactions occur, which means that a reduction 

occurs in this half-cell [5]. 

 

2.3 ANODE 

An anode, also known as the negative pole, is a negatively charged electrode. Thus, 

existing electrons in this electrode flow towards to the cathode, which means that the direction 

of electric current is opposite to the direction of electric flow [5]. 

 

2.4 ELECTROLYTE 

When electrodes are placed in an electrolyte and a voltage is applied, the electrolyte will 

conduct electricity. They are necessary to guarantee the flow of electrons, due to the fact that 

their ions neutralize positive and negative charges from cathode and anode, respectively. 

The most common electrolyte is LiPF6 in organic solution. There are more efficient 

electrolytes in market, but this has still the best cost-benefit [5]. 

 

2.5 C-RATE 

In describing batteries, discharge current is often expressed as a C-rate, which is a 

measure of the rate at which a battery is discharged relative to its maximum capacity. A 1C-

rate expresses, then, the capacity of the battery in one hour [5]. 

For instance, if a battery has a nominal capacity of 500mAh, the current corresponding 

to a C-rate of 10 (10C) and a charge or discharge time of 6 minutes would be 5000mA. The 

current corresponding to a C-rate of 1/2 and a charge or discharge time of 2 hours would be 

250mA [5]. 
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2.6 DEPTH OF DISCHARGE (DOD) 

DoD is the amount of battery capacity that has been discharged expressed as a 

percentage of maximum capacity [5]. 

 

2.7 CYCLE LIFE 

Cycle life is the number of discharge/charge cycles the battery can experience before it 

fails. The higher the DOD, the lower the cycle life [5]. 

 

2.8 NOMINAL CAPACITY (Ah) 

Nominal capacity is the total Ampère-hours available when the battery is discharged at 

a certain discharge current (C-rate) from 100% state-of-charge to the minimum allowable 

voltage. It can be calculated by multiplying the discharge current and the discharge time. The 

increase of C-rate leads to a decreasing of the nominal capacity [5]. 

 

2.9 NOMINAL ENERGY (Wh) 

Nominal energy is the total Watt-hours available when the battery is discharged at the 

C-rate from 100% state-of-charge to the minimum allowable voltage. It can be calculated by 

multiplying the discharge power and the discharge time. The increase of C-rate leads to a 

decreasing of the nominal energy [3]. 

The nominal energy per unit volume (in Wh/L) is often called energy density while the 

nominal energy per unit mass (in Wh/kg) is often called gravimetric energy density. Both are 

characteristics of the battery chemistry and packaging [3]. 

 

2.10 LI-ION BATTERY POSSIBILITIES [6] 

The main materials for Li-ion batteries are presented in Table 1 and each cathode will 

be discussed with more details further. 
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Table 1. Reference names for Li-ion batteries. Adapted from [6].  
 Chemical name Material Abbreviation Short form Notes 

Cathode 

material 

Lithium Cobalt 

Oxide 

LiCoO2 

(60% Co) 
LCO Li-cobalt 

High capacity; for mobile 

phone, laptop, camera 

Lithium 

Manganese 

Oxide 

LiMn2O4 LMO 
Li-manganese, 

or spinel 
Most safe; lower capacity 

than Li-cobalt but high 

specific power and long 

life; for power tools, e-

bikes, EV, medical, 

hobbyist. 

Lithium 

Iron Phosphate 
LiFePO4 LFP Li-phosphate 

Lithium Nickel 

Manganese 

Cobalt Oxide 

LiNiMnCoO2 

(10–20% Co) 
NM NMC 

Lithium Nickel 

Cobalt 

Aluminium 

Oxide 

LiNiCoAlO2 

9% Co) 
NCA NCA Gaining importance 

in electric powertrain and 

grid storage 
Anode 

material 
Lithium Titanate Li4Ti5O12 LTO Li-titanate 

 

2.10.1 LITHIUM COBALT OXIDE (LiCoO2) 

LiCoO2 is a chemical compound widely used in the manufacturing of Li-ion batteries. 

As can be seen in Figure 2, its crystalline structure consists of lithium ions that lie between 

oxygen-cobalt slabs. 

When assembled in a battery, it consists of a cobalt oxide cathode and a graphite carbon 

anode, becoming then the most commonly used battery for high-end consumer products. 
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Figure 2. Li-cobalt structure. [6] 
 

It is of high interest its high specific energy, which makes it good for mobile phones, 

laptops and digital cameras. However, it has a short life span and limited load capability 

(specific power), as well as the incapability to discharge in higher rates than 1C. A wider insight 

of its advantages and drawbacks can be seen in Figure 3.  

The axis ‘performance’ demonstrates the influence of the temperature on a lithium 

cobalt oxide cathode: how is the performance when the temperature is low or high. 

The axis safety represents risk of overheating followed by explosion, which may be 

caused by flaws on the assembly, calculations or raw material choices,  

 

Figure 3. .Snapshot of an average Li-cobalt battery. [6] 
 

2.10.2 LITHIUM MANGANESE OXIDE (LiMn2O4) 

It is a lithium-manganese-oxide based material with a spinel structure. It consists of a 

3D framework in which lithium ions are placed, as can be seen in Figure 4. 

Its field of use comprises power tools, medical instruments, as well as hybrid and electric 

vehicles. Most modern manganese-based Li-ion systems include a blend of nickel and cobalt. 
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Figure 4. Li-manganese structure. [6] 
 

Between its strengths there is a high thermal stability and enhanced safety, as well as a 

lower internal resistance. In addition, lithium manganese oxide is a non-expensive and non-

toxic compound. Design flexibility allows engineers to maximize the battery for either optimal 

longevity (life span), maximum load current (specific power) or high capacity (specific energy) 

[7]. 

On the other hand, its most important drawbacks are a limited cycle and calendar life, 

and a lower capability than LiCoO2 (Figure 5).  

 

 

Figure 5. Snapshot of a pure Li-manganese battery. [6] 
 

2.10.3 LITHIUM IRON PHOSPHATE (LiFePO4) 

Lithium Iron Phosphate, also known as LFP, has an olivine crystal structure. It is a nano-

scale phosphate cathode material. A zigzag 3D framework is formed by oxygen-iron octahedral 

sharing common corners with phosphate tetrahedral, as can be seen in Figure 6.  Lithium ions 

are placed within the octahedral channels in a zigzag structure [8]. 
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Figure 6. Lithium Iron Phosphate structure. [6] 
 

This compound has a good electrochemical performance with low resistance, enhanced 

safety, good thermal stability, high current rating and long cycle life, and it is tolerant to abuse. 

It has a lower specific energy, cold temperatures reduce its performance, and elevated storage 

temperature shortens its service life (Figure 7) [6], [8]. 

 

Figure 7.Snapshot of a typical Li-phosphate battery. [6] 
 

2.10.4 LITHIUM NICKEL MANGANESE COBALT OXIDE (LiNiMnCoO2) 

LiNiMnCoO2, also known as NMC, is the battery of choice for power tools and 

powertrains for vehicles. Nickel is known for its high specific energy but low stability; 

manganese has the benefit of forming a spinel structure to achieve very low internal resistance 

but offers a low specific energy. The combination of these metals brings out the best of each 

[6], [7]. 

A schematic structure of NMC is shown in Figure 8 below. 
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Figure 8. NMC structure. [6] 
 

In the performance of the compound as a cathode, it is possible to highlight its great 

specific energy and low self-heating rate, as it can be seen in Figure 9. Contrarily, it is difficult 

to find the right balance between nickel and manganese in order to offer the best performance, 

as manufacturers try to keep the secret of their formulas [6]. 

 

Figure 9. Snapshot of NMC. [6] 
 

2.10.5 LITHIUM NICKEL COBALT ALUMINIUM OXIDE (LiNiCoAlO2) 

This kind of cathode is less commonly used, but the automotive industry is getting 

interested in it [6]. It presents a high specific energy, high power densities and long life span. 

However, its cost is relatively high and its level of safety is considerably low (Figure 10). 
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Figure 10. Snapshot of NCA. [6] 
 

2.10.6 LITHIUM TITANATE (Li4Ti5O12) 

Li4Ti5O12 replace graphite in the anode of a typical Li-ion battery and it has a spinel 

structure, as can be seen in Figure 11 below. 

 

Figure 11. Li4Ti5O12 structure. [6] 
 

Its performance in a battery presents a fast-charge, a delivery of high discharge current, 

higher cycle count, good level of safety, and an excellent low temperature discharge (Figure 

12). Although it also has some drawbacks, as low specific energy, which makes it expensive 

[6]. 

 

Figure 12. Snapshot of Li-titanate. [6] 
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2.10.7 LITHIUM-POLYMER 

Lithium-polymer differs from other battery systems in the type of electrolyte used. It 

can be built on many systems, such as LiCoO2, NMC, LiFePO4 and LiMn2O4 and works exactly 

the same way as a normal Li-ion compound. Also, it has a higher specific energy, and can be 

manufactured in thinner sheets. However, its cost is significantly higher (around 30% more). 

 

2.10.8 SOLID ELECTROLYTE WITH LITHIUM-METAL BATTERIES 

This alternative has higher energy density, yet it presents safety issues, it provides low 

cycles, and its commercialization is estimated to be possible in around 10 years [2]. 

 

 

After the analysis above, and as the cathode has a bigger and faster degradation, it was 

decided to focus on it. Thus, by working on the durability itself, other qualities are also 

improved at the same time. If a high durability cathode is found, then it makes sense to think it 

will be environmentally friendly, because it will take more time to it to be changed by a brand 

new battery and so the use of materials will be lower. 

 

2.11 USAGE OF NANOMATERIALS IN ELECTRODES 

At the nanoscale, properties of the materials can change from properties at macro or 

micro scale. Due to this, nanomaterials gained attention from all fields [7]. 

Solid-state ion diffusion in bulk electrode materials is slow and thus, limits the charge 

and discharge rate. In order to overcome this, nanoscale electrodes are used, reducing the path 

lengths and resulting in a fast diffusion [7]. 

 

2.12 LiFiPO4 AS CATHODE IN LI-ION BATTERY 

LiFePO4 has a low electronic and ionic conductivity. Thus, to use it as a viable cathode 

material for Li-ion batteries, it is necessary to improve its electrochemical properties, which is 

done integrating these two methods: nanostructured material and carbon covered material [8]. 

The proposed LiFePO4 has a good electrochemical performance at nano-scale, enhanced 

safety, good thermal stability, tolerant to abuse and long life cycle (between 2000 and 5000 

cycles with 80% DoD) [8]. 
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2.13 SILICON NANOWIRES AS ANODE IN LI-ION BATTERY 

As silicon has a high specific charging capacity (around ten times higher than graphite) 

and a low discharge potential, it is an interesting alternative for anode. Silicon is not used yet 

due to its volume expansion in around 400% [9]. 

Nanowires could improve silicon’s properties by increasing the amount of available 

surface area in contact with the electrolyte, thereby increasing anode’s power density and 

allowing faster charging and higher current delivery. Also, when grown in current collector 

they are able to reduce the problems associated with the volume expansion [9]. 

Furthermore, carbon layers are usually the support for the silicon nanowires (and many 

other nanostructures), which improves the stability of the anode by buffering the massive 

volume change during cycles. It also provides satisfactory electrical contacts [9]. 

Silicon nanowires have a theoretical capacity of roughly 4.2mAh g-1 and a capacity 

retention of 89% of the initial capacity after 200 cycles [9]. 

Doping impurities to the nanowire anode improves the battery performance, and it study 

has proven that phosphorus doped silicon nanowires have the possibility of sustaining an 85% 

of initial capacity after cycling over 6000 times [9]. 

As information regarding to silicon nanowires is not easily available, all the cost 

analysis for the battery was made considering the use of graphite as the anode. 
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3. BATTERY MANUFACTURE: PROCESS AND EQUIPMENT 

From the process diagram below (Erro! Fonte de referência não encontrada.), a more 

detailed study on each equipment needed for battery manufacturing was made. Calculations 

were based on a daily production of 10 000 cells per day (value estimated according to SAFT 

AB production [10]). It is a batch and the cost estimation was mainly based on supply 

companies. The battery should last 5000 cycles with 80% DoD and have a power performance 

of 55kWh. 

Due to the power requirements of the battery, a large number of cells is needed. 

Therefore, it was chosen to manufacture a pouch cell in order to save up space when stocking 

them together. 

Contamination between anode and cathode materials ruins the battery, so great care 

must be taken to prevent these materials from getting in contact with each other. Therefore, 

anodes and cathodes are usually processed in different rooms, which means that even if the 

same equipment is used to produce both electrodes, more than one equipment is needed in the 

production line. 

There are many different strategies developed to manufacture a battery. The choice of 

procedure adopted through this section was made by analysing the availability of the equipment 

(based on its specifications) and raw materials required for the manufacturing. Thus, it was 

decided to follow the instructions of a company that explains the assembly and sells the 

equipment. By following barely one procedure, the calculation related to design (sizes and 

capacities) of each equipment and raw material demanded becomes more practical and realistic. 

Similar procedures were studied and can be seen through references [11], [12] and [13]. 

The following explanation, then, is based on the procedure described by MTI 

Corporation [14]. The equipment (and its prices and characteristics) used for further calculation 

are also from this company. 
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Figure 13. Process flowchart.  
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3.1 STEP 1: CATHODE AND ANODE ACTIVATION 

3.1.1. FURNACE 

Purpose: Sinter raw active material. 

Sintering is the process of compacting and forming a solid mass of material by heat 

and/or pressure without melting it to the point of liquefaction. 

Atoms in the materials diffuse across the boundaries of the particles, fusing the particles 

together and creating one solid piece. It is done in order to impart strength and integrity to the 

particles.  

 

Equipment Characteristics 

Equipment specifications are presented on Table 2 and Figure 14 below. 

Table 2. Furnace specifications. [14] 

Furnace Construction 

 Double shell casing with three cooling fans 

 High purity Alumina fibrous insulation for max. energy 

saving 

Heating Zone length 
 One zone: 16" (400 mm) 

 Constant temperature zone: 120 mm within +/-1°C 

Gas Fittings 

 Inlet Fitting: Elbow Push-in connector for 6mm O.D 

tube 

 Outlet Fitting:  Elbow Push-in connector for 12mm 

O.D tube 

Maximum Working 

Temperature 
1100°C for continuously 

Production yield 2 kg per batch 

Power 2.5 KW Max 

Voltage 208 - 240V single phase (20 A Breaker required) 
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Figure 14. Single zone rotary tube furnace [14]. 
 

Process 

Raw graphite enters the furnace and sintered material is collected. This process is not 

necessary for silicon nano wires or nanoparticles of LiFePO4, since the nano structure already 

provides the desired strength and integrity. 

 

Cost  

 Purchase: $ 25 255,00 

 

3.1.2. MILLING MACHINE 

Purpose: Mill the sintered material. 

Milling is characterized as reducing a material into smaller particles. For the battery it 

is done to prepare the anode or cathode material to be mixed with the other components. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 3 and Figure 15 below. 

Table 3. Mill specifications [14]. 
Type Ball Mill 

Material feed size < 5 mm 

Final fineness < 80 nm 

Speed at 50 Hz (60 Hz) 300 - 2000 min-1 

Drive power 2600 W 

Power consumption ~ 3100W (VA) 
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Figure 15. Ball Mill [14]. 
 

Process 

Sintered graphite enters the mill and small particles of the product are collected to be 

used in assembling the cell.  

 

Cost  

 Purchase: $ 5 671,00 

 

3.2. STEP 2: ELECTRODE SHEET PREPARATION 

3.2.1 MIXER 

Purpose: mix active, conductive and binder material into paste in vacuum. 

A vacuum mixer is used for a high accurate mixing, not depending on the environmental 

conditions. For battery production, a high accuracy is desired, once a poorly mixed material for 

the electrodes can cause great variations on the energy storage capacity and life cycles. 

Paste mixing means blending together solid and liquid materials in order to form a paste. 

This paste is the most important component in the battery, the positive and negative electrodes. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 4 and Figure 16 below. 

Table 4. Mixer specifications [14]. 
Input Power Requirements 208-240VAC single Phase, 50/60 Hz 

Motor Output 750 W ( 1 Hp) 

Rotor Rod Speed 0 -1400 RPM variable 

Mixing Blade Speed 10 - 110 RPM adjustable 
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Figure 16. Vacuum mixer [14]. 
 

Process 

Active material for the anode (graphite or silicon nanowire) along with CMC 

(carboxymethyl cellulose) a thickening and anti-precipitant agent, SBR (Styearene-Butadiene 

Rubber) used as a binder, Super P (Conductive Carbon Black) a conductive additive and 

deionized water are added in the mixer and a paste is collected. 

For the cathode, nanoparticles of LiFePO4 are mixed with PVDF (Polyvinylidene 

fluoride) a binder, Super C-45 (Conductive Carbon Black) a conductive additive and NMP (N-

Methylpyearrolidone) a solvent. 

For both positive and negative electrodes the mixing should provide a homogeneous 

distribution of components and prevent dissolution or breakup of the particles in order to 

guarantee good electrochemical properties of the battery.  

 

Cost per mixer (2 equipment are needed) 

 Purchase: $ 6 271,00 

 

3.2.2 COATER ATTACHED TO HEATER 

Purpose: coat the paste to current collector and dry it. 

Coating is a covering that is applied to the surface of an object. 

For the battery, a positive and a negative current collector are used. The positive is made 

of aluminium and the negative is made of copper. The role of these current collectors is to 

transfer electric current to and from the battery terminals during discharge and charge processes, 

and once coated with the paste, are referred as positive and negative plates. 
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The drying process is necessary to prevent any moisture in the electrodes. If water is 

present, the number of cycles can reduce significantly, once the moisture interferes in the 

attachment of the paste in the collector. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 5 and Figure 17 below. 

Table 5. Coater specification. [14] 

Working Voltage 110VAC, 50/60Hz, single phase 

Max. Power Consumption 3 KW 

Coating Speed 0-750 mm / minute 

Max. Drying Temperature 150°C 

Heating Zone Length 710mm (28") 

Max. Coating Length Depending on coating and substrate thickness. 

Typically, 10um thick foil with 100um coating can get 600 

meters of electrode length coated per run 

 

 

Figure 17. Roll to roll coater attached to heater [14]. 
 

Process 

The cathode paste collected from the mixer is coated in an aluminium foil and this foil 

proceeds to the heater. The same occurs to the anode paste, but a copper foil is used instead. 

 

Cost  

 Purchase: $ 65 000,00 
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3.2.3 ROLLING PRESS (CALENDER) 

Purpose: roll the electrode to proper thickness. 

The electrode thickness and homogeneous distribution on the collector are very 

important for the battery parameters, such as rate capability, energy and power density and 

long-term cycling. There is a severe capacity loss at higher rate for thicker electrodes as well 

as a significant loss of power density and deterioration of long-term cycling performance. A 

non-homogeneous distribution causes a high-density area that charges and discharges faster, 

reducing considerably the number of cycles of the battery. 

Compressing the electrode minimizes the porosity therefore increase the power density. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 6 and Figure 18 below. 

Table 6. Calender specifications [14]. 

Working Voltage 208 - 240 VAC, 50/60Hz, Single Phase 

Max. Power Consumption 2KW 

Press gap 
 0.050 - 1 mm adjustable 

 Tolerance: 0.003mm 

Motor & Rolling Speed 
 550W AC motor with frequency speed controller 

 Speed range:  1.0-  6.0 m/min 

Press Planeness ±0.003mm 

Pressure Control 

 Pressure load: 1 – 25 T adjustable by digital control 

 Digital Pressure Gauge with RS-232 PC Port to show and 

record pressure change 

Compressed air >60 PSI required 

 

 

Figure 18. Calender [14]. 
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Process 

The coated films enter the calender and the rolling press works to guarantee 
homogeneous coating thickness from 150 to 300 μm. A deviation from 1 to 2 μm is acceptable. 

 

Cost 

 Purchase: $ 13 000,00 

 

3.3. STEP 3: CELL ASSEMBLY 

3.3.1. SLITTING MACHINE 

Purpose: to slit electrode sheet to strip. 

It is a shearing (die cutting) operation used to adjust both cathode and anode to the 

desired shape. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 7 and Figure 19 below. 

Table 7. Slitting machine specifications [14]. 

Working Voltage Single-phase 220V, 50/60Hz 

Max. Power Consumption 400W 

Cutting Blades Blade Diameter: 100mm 

Cutting Width 30 - 300mm  

Cutting Thickness 10 - 300 um 

Cutting Speed 1 - 5 m/min 

 

 

Figure 19. Slitting machine [14]. 
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Process 

A punch is used to push the electrode against the die, which is fixed. The die must be 

designed so that it efficiently cuts the desired material with minimal waste. 

 

Cost (2 equipment are needed) 

 Purchase: $ 11 000,00 

 

3.3.2. WINDING MACHINE 

Purpose: to wind strips in form of anode + separator + cathode  

 

Equipment Characteristics 

Equipment specifications are presented on Table 8 and Figure 20 below. 

Table 8. Winding machine specifications [14]. 

Winding Speed 0-250 rpm 

Working Voltage 220V, 50/60Hz 

Power 25W 

 

 

Figure 20. Winding machine [14]. 
 

Process 

Separator is folded in two parts and anode is attached between two polyethylene 

separator parts. They are attached to the machine and one complete rotation is done. Then 

cathode is attached above the separator and the machine spins until everything is wrapped. 

 

Cost 
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 Purchase: $ 3 600,00 

 

3.3.3. ULTRASONIC WELDING MACHINE 

Purpose: to first weld current collector and then tab it together with the electrode. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 9 and Figure 21 below. 

Table 9. Ultrasonic welding machine specifications [14]. 

Input Voltage 220V, 50/60Hz 

Max. Power Consumption 800W 

Welding Area 5mm(L) x 5mm(W) 

Ultrasonic Frequency Self-adjustable frequency up to 40K Hz 

Product Dimensions 
 Controller: 481x188x375 mm 

 Welder: 513x220x275 mm 

 

 

Figure 21. Ultrasonic welding machine [14]. 
 

Process 

In an ultrasonic welding machine, high-frequency ultrasonic acoustic vibrations are 

locally applied to work pieces being held together under pressure to create a solid-state weld. 

The benefits of ultrasonic welding are that it is much faster than conventional adhesives 

or solvents. The drying time is very quick, and the pieces do not need to remain in a jig for long 

periods of time waiting for the joint to dry or cure. The welding can easily be automated, making 

clean and precise joints; the site of the weld is very clean and rarely requires any touch-up work. 
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The low thermal impact on the materials involved enables a greater number of materials to be 

welded together. 

 

Cost 

 Purchase: $ 22 000,00 

 

3.3.4. SHORTCUT DETECTOR 

Purpose: to test if the cell has short-circuit.  It can be used through different temperature 

and pressures. 

 

Equipment Characteristics: 

Equipment specifications are presented on Table 10 and Figure 22 below. 

Table 10. Shortcut detector specifications [14]. 

Voltage Voltage Measurement 0～20V 

Resistance 

Resistance Measurement 20mΩ\200mΩ\2000mΩ  

Precision 
0～200mΩ 

201mΩ～2000mΩ 

Testing 
Sampling Frequency 1KHz 

Sampling Rate 1000 times/S 

 

 

Figure 22. Wattmeter [14]. 
 

Process 

The purpose of a short-circuit test is to determine the series branch parameters of the 

equivalent circuit of a real transformer. It is conducted on the high-voltage side of the 

transformer and the low-voltage side is short circuited, which means that a voltmeter, ammeter 

and wattmeter are on the high-voltage side of the circuit. 
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The supply voltage required to circulate current through the transformer is usually very 

small. Also, the core losses are very small because applied voltage is only a few percentage of 

the nominal voltage and hence can be neglected. Thus the wattmeter reading measures only the 

full load copper loss, which gives values approximately equivalent to the resistance and 

reactance of the transformer. It is estimated that 0.5% of the electrodes are recycled. 

 

Cost per equipment  

 Purchase: $598,00 

 

3.3.5. VACUUM OVEN 

Purpose: to dry the cell if it has no short-circuit. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 11 and Figure 23 below. 

Table 11 Vacuum oven specifications [14]. 

Power 
 208-240V 

 1500 W 

Working Temperature 

 T ~ 200°C for continuous 

 200°C ~ 250°C for <4hrs 

 Maximum Heating Rate: 4~6 ºC/min 

Vacuum Level  A vacuum pump required to operate the oven 

 

 

Figure 23. Vacuum oven [14]. 
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Process 

Vacuum ovens have several advantages towards to regular ovens: 

- No oxidation due to low oxygen content. 

- Consistent and gentle drying. 

- Reduced risk for operators because hazardous gases can be trapped rather than vent into 

surrounding air. 

-  

Cost 

 Purchase: $ 1 900,00 

 

3.4. STEP 4: CASE FORMATION AND SEALING 

3.4.1. CUP FORMING MACHINE 

Purpose: punch cup-shape and gas receiver on aluminium lamination sheet and then 

place cell into the cup. 

This sub-step defines the shape of the cell. An improper shape can cost millions in lost 

production and sometimes even cause accidents. Thus, the cup must directly match the 

electrodes. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 12 and Figure 24 below. 

Table 12. Cup forming machine specifications [14]. 

Air Pressure Requirement ≥0.6MPa 

Working Voltage 110 - 240V AC, single phase 

Max. Power Consumption 200 W 
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Figure 24. Cup forming machine [14]. 
 

Process 

A polymer case made of  is prepared to receive the electrodes. The dimensions are 60 

mm X 25mm X 104mm 

 

Cost  

 Purchase: $ 3 800,00  

 

3.4.2. HEATING SEALER 

Purpose: seal the top and shorter side after the double-up. 

The pouch cell must be well sealed in order to prevent leakage of electrolyte, which 

could cause an accident. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 13 and Figure 25 below. 
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Table 13. Heating sealer specifications [14]. 

Power Supply 100V or 220V 50/60Hz 

Sealing Length 370mm (maximum) 

Sealing Width 6 mm 

Sealing Thickness 0.19 - 0.3 mm 

Max. Power 900W 

Sealing Pressure 0 - 0.7 MPa (0 - 99 psi) –compressed air 

Sealing 

Temperature 

50 - 300 °C  +/-2 °C 

Air Consumption 0.09 L / Sealing 

Application Notes  Upper Heating Blade Temperature: 200°C 

 Lower Heating Blade Temperature: 180°C 

 Pressure: 40 psi 

 Duration: 3s 

 

 

Figure 25. Heat sealer [14]. 
 

Process 

The electrode is put inside the aluminium laminated film cup. Since this film is a 

thermoplastic, it can be sealed using heat. Top and lateral sides are sealed leaving one side open 

to receive the electrolyte. 

 

Cost  

 Purchase: $ 4 600,00 
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3.4.3. DRY ROOM  [15] 

Purpose: to provide a safe environment to work with the electrolyte. 

The dry room is used in order to achieve a low water and oxygen concentration (lower 

than 1ppm), providing an ultra-clean and highly purified gas environment.  This pure 

environment is necessary for the battery to have a good performance and also to avoid accidents 

involving the electrolyte. 

 

Dry room structure and layout 

 Wall & Roof Panels 

Constructed of 3” thick rigid board form isocyanurate urethane or polystyearene with 

0.032” smooth tempered aluminium skins bonded to each side of the foam core with a two part 

epoxy.  

 Panel Fastening System 

All 90º corners and edges of the panels shall be sealed with silicone to prevent air and 

moisture infiltration along cracks.  

 Floors 

Floors shall consist of the existing surface covered with an appropriate conductive, 

vapor barrier material, to eliminate static electricity.  

 Doors & Airlock 

Standard doors shall be built of the same panel construction as the walls, a viewing 

window must be included in each door. The door perimeter and frame shall be made of anodized 

aluminium with double gasketing on three sides and a wiper gasket seal on the bottom. An 

airlock or room vestibule shall be included to prevent moisture infiltration.  

 Design 

The dry room conditioning system shall consist of the following major components 

assembled to provide continuous dewpoint and temperature control: (a) Rotary wheel desiccant 

dehumidifier, (b) air or water cooled condensing unit(s) utilizing Copeland semi-hermetic 

compressors, (c) cooling coils, (d) centrifugal airfoil fans, (e) filters. 

Humidity and Temperature are the two parameters that must be controlled and recorded. 

 Air Distribution 
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The air circulation and air distribution system shall be uniform throughout the room 

utilizing a tee-grid plenum ceiling with metal perforated air distribution ceiling tiles and fire-

rated fissured filler tiles. 

 Lighting 

Interior troffer-type fluorescent lighting shall be included to provide 70-footcandles 

evenly distributed throughout the room. 

 Specifications [16] 

150 m2, capacity for 6 people. 

-40 ˚C Dew Point on Return. 

Interior temperature range: 22-25°C 

<1% to 10% Relative Humidity 

 

Use 

All the following equipment until the analyser should be inside the dry room for safety. 

 

Cost 

 Purchase: $ 20 000 000  

 Operation Cost: $ 200,00/hour [17] 

 

3.4.4. DIGITAL DISPENSER [14] 

Purpose: fill the cell with the electrolyte. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 14 and Figure 26 below. 
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Table 14. Digital dispenser specifications [14]. 

Precision Precision of 3 decimal places below 20mL.  

Operation The large hand wheels provide smooth, precise control from rapid to dropwise. 

Operating 

limits 

 Temperature of instrument and reagents must be between 15º and 40º C  

 Vapour pressure up to 500mbar 

 Viscosity up to 500 mm2/s 

 Altitude: Maximum 3000m above sea level 

 Relative humidity: 20% to 90% 

 

 

Figure 26. Digital dispenser [14]. 
 

Process 

This equipment is located inside the dry room. The two sides sealed cell is filled with 

12.912 g or 9.86 mL of LiPF6 1M in Propylene Carbonate (electrolyte). 

 

Cost 

 Purchase: $ 948,00 

 

3.4.5. VACUUM STANDING BOX 

Purpose:  to remove air from the electrolyte after it has been injected into the polymer 

Li-ion cell. 

The electrolyte containing Li+ ions after the battery activation reacts exothermically 

with air. Therefore it is of high importance that all air is removed from the cell before it is 

activated. 
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Equipment Characteristics 

Equipment specifications are presented on Table 15 and Figure 27 below. 

Table15. Vacuum box specifications [14]. 

Power Supply 110-240 V, Single Phase 50/60Hz 

Max. Power 50W 

Operation 

Temperature 
 -20 to 40 ℃ 

Vacuum Level A vacuum pump is required 

 

 

Figure 27. Vacuum standing box [14]. 
 

Process 

The cell filled with the electrolyte is put in vacuum and all air is removed from it. After 

this step it is ready to be sealed. 

 

Cost 

 Purchase: $ 6 700,00 

 

3.4.6. VACUUM SEALER 

Purpose: to seal longer side under vacuum. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 16 and Figure 28 below. 
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Table 16.Vacuum sealer specifications [14]. 

 

 

Figure 28. Vacuum sealer [14]. 
 

Process 

This equipment must be inside the dry room.  

Still under vacuum to avoid air going inside the cell, the pouch is sealed leaving a gap 

between the end of the electrode and the sealing, this is done for safety during the cell activation 

once this process generates some gases. This space prevents the cell to explode with the gas 

pressure. 

 

Cost 

 Purchase: $ 7 000,00 

 

3.4.7. BATTERY ANALYSER (“CYCLER”) 

Purpose: to charge and discharge the cell to battery formation and remove the useless 

gas generated by chemical reactions. 

Max. Sealing Dimensions 200mm(L) x 150mm(W) 

Edge Sealing Width 5mm 

Power Supply 110V or 208-240V selectable, Single Phase 50/60Hz 

Max. Power 600W  

Vacuum Level -90 kPa (maximum) 

Sealing Pressure  0~7Kg/cm²  

Sealing Temperature 50 - 250°C +/-2°C 

Vacuum Level A vacuum pump is required  
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By charging and discharging, the cell it is activated. In the first 50 cycles, gas is 

liberated, mainly due to residual solvents in the battery and must be removed from the cell for 

an optimal performance. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 17 and Figure 29 below. 

Table 17. Battery analyser specifications [14]. 

Electricity requirement 110V AC or 220V AC selectable for universal use 

Power Consumption 200W 

Current 

 

 Range: 6.0mA – 3000mA 

 Accuracy: ±(0.05% of reading + 0.1% of range) 

Voltage  Range: 0 - 5V 

 Accuracy: ±(0.05% of reading + 0.1% of range) 

Data register conditions Time interval: 1 - 900s 

Max. measurement cycles 9999 cycles 

 

 

Figure 29. Battery analyser [14]. 
 

Process 

This equipment must be inside the dry room. Cells are fabricated in a fully discharged 

condition, therefore they must be charged with high current for EV batteries. Around 50 cycles 

are run in order to remove the gas and see if the cell is functioning. Cells that are unable to hold 

charge are considered unsuitable and send to recycling. It is estimated that 0.5% of the cells are 

considered damaged at this stage. 
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Cost 

 Purchase: $ 4 100,00 

 

3.4.8. VACUUM SEALER 

Purpose: final sealing on the cutting edge under vacuum. 

 

Equipment Characteristics 

Same equipment as the one before the analyser. 

 

Process 

This equipment must be inside the dry room. The gas receiver is cut out and the cell is 

sealed, now the cell is complete. 

 

3.5. STEP 5: PERFORMANCE TESTING 

3.5.1. BATTERY ANALYZER (“CYCLER”) 

Purpose: test the cell performance 

Voltage, current, capacity-voltage, loops times-charge/discharge capacity, loops times-

charge/ discharge efficiency are tested. 

 

Equipment Characteristics 

The same equipment before cutting the gas receiver is used. 

 

Process 

All cells are conditioned and tested (times up to about three weeks); they are charged, 

left on the test stand for several days, and then discharged; this cycle is repeated four times to 

verify the product quality. The amount of energy used for this is not significant, but a fire hazard 

could exist due to the large inventory of batteries being tested. In average 1% of the cells present 

problems. 

 

3.5.2. IMPEDANCE TESTER 

Purpose: to measure the cell’s internal resistance. 
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When the power source delivers current, the measured voltage output is lower than the 

no-load voltage; the difference is the voltage drop (the product of current and resistance) caused 

by the internal resistance. The concept of internal resistance applies to all kinds of electrical 

sources and is useful for analysing many types of electrical circuits. 

 

Equipment Characteristics 

Equipment specifications are presented on Table 18 and Figure 30 below. 

Table 18. Impedance tester specifications. [14] 

Continuity 20/200Ω 200mA 

Test Current Insulation 500/1000V, 20/200MΩ 1mA 

Loop Impedance 20/2000Ω 15mA Test Current at 2000Ω 

Voltage 100 V 

 

 

Figure 30. Impedance tester [14]. 
 

Process 

After guaranteeing the cell performance with the analyser, the internal resistance is 

measured to see if the cell can work when supplying the desired voltage (3.3 V). Around 0.1% 

of the cells are not approved.  

 

Cost 

 Purchase: $600,00 
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3.6. STEP 6: ASSEMBLE THE BATTERY 

This step is not done by an equipment, but mannually. The operator is responsible to 

connect all the cells in parallel and series. 115 cells in parallel and 15 in series, total of 1725 

cells to achieve the capacity of 27.5 kWh and the voltage of 48 V per set. This calculation is to 

be explained more deeply in the next section. 

To connect the cells a silicone jacked copper wire (Gauge 26) is used. 

Both the wires and the battery box are not considered in this production process, so they 

must be purchased. Around 180 m is needed per battery. 

 

Cost  

 Battery box: $ 8,00 each 

 Wire: $ 1,50 per meter 

 

3.7. SUPPORTING EQUIPMENT 

1. VACUUM PUMP 

Purpose: set the desired equipment in vacuum  

 

Equipment Characteristics 

Equipment specifications are presented on Table 19. 

Table 19. Pump specifications [14]. 

Voltage / Frequency AC 110V  

Rate (m3/h) 13.6  

Maximum Pressure (mbar) 6.7x10-4   

Power (HP) 3/4HP  550W 

Working Temperature -5 ~ 60 0C 

 

Cost  

 Purchase: $4346,00 
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4. MATERIAL BALANCE 

The production of Li-ion batteries uses expensive raw materials and thus, losses in the 

process should be minimized to achieve a low cost per battery. In order to analyse the cost 

involved in the process, a material balance needs to be done.  

The battery production is described in the diagram already presented in Erro! Fonte de 

referência não encontrada.. The cells are produced individually and then assembled in a larger 

battery. 

The material balance was made considering a production of 10 000 cells per day based 

on a smaller/medium production. It was chosen to do the calculations with a high amount of 

cells to estimate the costs of production in a larger scale. In other words, to check the 

profitability of a real production. It was set that the cells produced have the following 

specifications (Table 20): 

Table 20. Battery cells specifications. 

Battery specification - per cell 

Current 5 000 mAh 

Capacity 16,5 Wh 

Voltage 3,3 V 

 

As it was stated in the introduction, the battery set should fulfil voltage and capacity 

requirements as shown in Table 21 below: 

Table 21. Battery set specifications. 

Battery specification  - per set 

Capacity 27,5 kWh 

Voltage 48 V 

 

Cells should be assembled in a way to meet the set specifications. When cells are 

arranged in series, the voltage is increased by the sum of the voltages of each cell in series; if 

they are arranged in parallel, the capacity is increased by the sum of the capacities of each cell 

in parallel. Thus, it is necessary to have a series and parallel arrangement to increase both 

voltage and capacity and then fulfil the set specifications. For each parallel arrangement, a 

complete series is necessary and the total number of cells is obtained by multiplying parallel 

with series requirements. Equations and results are presented below: 

 For the series arrangement: 
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 For the parallel arrangement: 

 

����������� = � ���������
����

���������

�

 

 The total number of cells is given by: 

����� ������ �� ���� = ����� ���� � ������� 

 

The results obtained that fulfil our specifications are presented in Table 22 below: 

Table 22 Number of cells needed per set. 

Number of cells needed per set 

Parallel 114,583 115 

Series 14,545 15 

Total 1 666,667 1 725 

 

Thus, the total number of cells required per set is 1725 cells, with 115 rows and 15 cells 

in each row. 

 

4.1. MASS OF ACTIVE MATERIAL  

The amount of active material per cells can be obtained by the specific capacity of each 

material (cathode and anode). For LiFePO4 the specific capacity is 170 mAh/g and for graphite 

the specific capacity is 372 mAh/g. Thus, in order to achieve the capacity of 5000 mAh for each 

cell, the amount of necessary material can be obtained by simply dividing the capacity of the 

cell by the specific capacity of the battery. The obtained results are presented in Table 23 below: 

Table 23. Amount of necessary active material per cell. 

Amount of Active material  

Cathode Specific energy Per cell (g) 

LiFePO4 (nano) 
170,000 mAh/g 29,412 

8,160 Wh/g  

Anode   

Graphite 
372,000 mAh/g 13,441 

17,856 Wh/g  
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The amount of other materials in the cell, such as binders and solvents are based on the 

amount of active material in the cell.  

For the cathode, the mass fraction of LiFePO4 is 93.5% of the total mass of the mixture. 

For the anode, the mass fraction of graphite is 94.5% of the total mass of the mixture. Based on 

this and on the amount of active material calculated above is possible to obtain the total mass 

of the mixture and consequently the amount of the other components. It is shown below the 

mixture for the cathode and the anode. 

Cathode: 

 LiFePO4: 93.5% 

 PVDF: 2.25% 

 Super-C45: 4.0% 

 NMP: 53.3% of the solid content w/w 

Anode: 

 Graphite: 94.5% 

 CMC: 2.25% 

 SBR: 2.25% 

 Super P: 1.0% 

 Deionized water: 120% of the Graphite w/w 

The mass of these materials in a single cell is presented in Table 24 below: 

Table 24. Cell composition for LiFePO4/Graphite Lithium ion Battery. 

Cell Composition 

 Mass (g) Solid Mass fraction Mass fraction 

Cathode       

LiFePO4 29,412    0,935    0,610    

PVDF 0,723    0,023    0,015    

Super C-45 1,321    0,042    0,027    

NMP 16,777     0,348    

      

Total solid 31,456    1,000    0,652    

Total mass  48,233      1,000    

Anode       

Graphite 13,441    0,945    0,443    

CMC 0,320    0,023    0,011    

SBR 0,320    0,023    0,011    

Super P 0,142    0,010    0,005    

di-H2O  16,129     0,531    
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Total solid 14,223    1,000    0,469    

Total  30,352      1,000    

  

The physical data of each material is presented in the Appendix. Considering the 

production of 10 000 cells per day the total amount of material necessary per day is (Table 25): 

Table 25. Mass of Material needed for 1 day of production. 

Amount of Material per day 

Cathode Anode 

Material Mass (kg/day) Material Mass (kg/day) 

LiFePO4 294,118 Graphite 134,409 

PVDF 7,235 CMC 3,200 

Super C-45 13,212 SBR 3,200 

NMP 167,768 Super P 1,422 

  di-H2O 161,290 

Total solid 314,564 Total solid 142,231 

Total mass 482,332 Total 303,522 

 

The amount of material necessary per day is used as a base for the material balance 

calculations. As it is explained in ‘Battery manufacture: Process and equipment’ section above, 

the process for cathode and anode preparations are made separately and after ready an 

assembling process is needed. The mass balance presented in this report focuses on the 

preparation process, since the battery composition remain constant after assembling. The 

balance was calculated for cathode and anode individually. For the calculations of the mass 

balance some assumption were made, such as efficiencies and losses in each equipment. The 

complete calculation and tables of results are presented in the Appendix. 

 

4.2. CATHODE MATERIAL BALANCE 

The material for the cathode (LiFePO4) is supplied in form of nanoparticles and ready 

for the paste preparation. In the first step, a mixing of the active material with the binder 

(PVDF), conductive material (Super C-45) and solvent (NMP) is necessary to form the cathode 

paste. Losses were estimated in 2% [17] due to paste’s consistency, which tends to stick inside 

the mixer. Table 26 below shows the outlet stream from the mixer. The feed of raw materials 

is made in individual streams. 

 

 

 



 

57 
 

 

 

Table 26. Outlet stream from the cathode paste mixer at 25ºC and 1bar. 

Stream 5 

  
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

LiFePO4 288,235    0,935    0,610    0,096 0,282 

PVDF 7,090    0,023    0,015    0,004 0,012 

Super C-45 12,947    0,042    0,027    0,081 0,237 

NMP 164,412    0,000    0,348    0,160 0,469 

Total solid 308,273    1,000    0,652    0,181 0,531 

Total mass  472,685      1,000    0,341 1,000 

 

After leaving the mixer, the paste is ready to be coated on the current collector. In the 

case of the cathode, the current collector is an aluminium foil. Losses on the coating were 

estimated as 1% due to the tendency of sticking inside the equipment. Also, losses of volatile 

compounds and arrested particles are considered since it is a coater with a heater attached to it 

in order to prevent moisture in the electrode. The amount of arrested particles was estimated in 

1% and the volatile compounds (solvent) losses were estimated in 10%. Thus, there are two 

outlet streams from the coating: exhausted gases and coated electrode. Table 27 and Table 28 

below show the calculation results of the outlet stream for the cathode coating and the 

coating/heater exhausted gases stream. 

 

Table 27. Outlet stream from the coating process for the cathode production on 
LiFePO4/Graphite Lithium ion Battery at 140ºC and 1bar. 

Stream 7 

  
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

LiFePO4 282,471    0,936    0,632    0,094 0,276 

PVDF 6,879    0,023    0,015    0,004 0,011 

Super C-45 12,562    0,042    0,027    0,079 0,230 

NMP 145,012    0,000    0,324    0,141 0,414 

Total solid 301,911    1,000    0,676    0,177 0,556 

Total mass  446,923      0,998    0,318 0,932 
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Table 28. Exhausted gases from the coating process for the cathode production on 
LiFePO4/Graphite Lithium ion Battery at 140ºC and 1 bar. 

Exhausted gases from coating/heater 

  
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

LiFePO4 0,000    0,000    0,000    0,000 0,000 

PVDF 0,069    0,354    0,004    0,000 0,000 

Super C-
45 0,127    0,646    0,008    0,001 0,002 

NMP 16,112    0,000    0,988    0,006 0,016 

Total 
solid 0,196    1,000    0,012    0,001   

Total 
mass  16,309      1,000    0,006 0,019 

 

The volumetric daily flow was calculated using the density of each material at the 

Normal Pressure and Condition (NTP) and it was necessary to determine the length of 

aluminium foil that should be used as a current collector. 

The total volumetric daily flow is 0.318 m3/day. Considering a coating thickness of 150 

μm, is possible to obtain the area covered by the coating. As an aluminium foil with a constant 

width is used, the length of the foil can be simply obtained dividing the coating area by the 

width of the foil, as shown in the equation below: 

��� =
��������

���
 

Table 29 shows the calculations and assumptions of the calculation in the aluminium 

foil length. 

Table 29. Aluminium foil length calculations. 

Aluminium Foil calculations 

Coating Thickness 150 μm 

Coating Area 2120 m2 

Aluminium foil width  0,28 m 

 

Using the volumetric calculations, the equation above and considering slithering losses 

of 2%, the necessary length of the Aluminium foil is 7720 m/day. 

After the coating, the cathode is calendered to form a uniform layer and a slithering 

process is followed. For each of this process, losses of 2% were applied. The outlet stream from 

the slithering is presented on Table 30 below: 
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Table 30. Outlet stream from slithering process from cathode production for 
LiFePO4/Graphite Lithium ion Battery at 25ºC and 1bar. 

Stream 11 

  
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

LiFePO4 271,285   0,899    0,607    0,090 0,265 

PVDF 6,607    0,022    0,015    0,004 0,011 

Super C-
45 12,064    0,040    0,026    0,075 0,221 

NMP 139,269   0,000    0,312    0,135 0,397 

Total 
solid 289,956   0,960    0,676    0,170 0,556 

Total 
mass  429,225     0,959    0,305 0,895 

 

After slithering, cathode is winded together with the separator and anode. Further, a 

sequence of assembling, testing and drying process is made. The drying process does not change 

the composition in the battery, it is mainly responsible for keeping it dry from moisture in the 

air. Some of the assembling and testing process are held in a drying room. 

 

4.3. ANODE MATERIAL BALANCE 

The active material for the anode graphite is supplied in form of raw graphite, which 

needs a pretreatment in a furnace and windmill. After the pretreatment, graphite is mixture with 

the binder (CMC and SBR), conductive material (Super P) and solvent (di-H2O), forming the 

anode’s paste. Mixer losses were estimated as 2% due to stick inside the equipment [17]. Table 

31 presents the outlet stream for anode’s mixer. 

Table 31. Outlet stream from mixer on anode production for LiFePO4/Graphite 
Lithium ion Battery at 25ºC and 1bar. 

Stream 4 

  Mass (kg/day) Solid Mass fraction Mass fraction 

Graphite 131,720    0,967    0,443    

CMC 3,136    0,023    0,011    

SBR 3,136    0,000    0,011    

Super P 1,394    0,010    0,005    

di-H2O  158,065    0,000    0,531    

Total solid 136,250    1,000    0,458    

Total mass  297,451      1,000    

After mixing, the paste is ready to be coated on the current collector. In the anode’s 

case, the current collector is a copper foil. Losses on the coating were estimated as 1% due to 

stick inside the equipment. Moreover, losses of volatile compounds and arrested particles are 
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considered since it is a coater with a heater attached to it in order to prevent moisture in the 

electrode. Particles arrested were estimated in 1% and the volatile compounds (solvent) losses 

were estimated in 15% [17]. The volatile compound losses are higher for the anode since water 

(anode’s solvent) is more volatile than NMP (cathode’s solvent). As in the coating process on 

the cathode, there are also two outlet stream from the coating for the anode, the exhausted gases 

and the coated electrode. Table 32 and Table 33 below show the calculation results of the outlet 

stream for the anode coating and the coating/heater exhausted gases stream. 

Table 32. Outlet stream from the coating process in anode production for 
LiFePO4/Graphite Lithium ion Battery at 140ºC and 1bar. 

Stream 6 

  
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

Graphite 130,403    0,967    0,438    0,065 0,300 

CMC 3,074    0,023    0,010    0,007 0,034 

SBR 3,074    0,000    0,010    0,002 0,009 

Super P 1,366    0,010    0,005    0,009 0,040 

di-H2O  133,011    0,000    0,447    0,133 0,617 

Total solid 134,843    1,000    0,498    0,080 0,373 

Total mass  270,928      1,000    0,215 1,000 

 

Table 33. Exhausted gases stream from the coating process in anode production for 
LiFePO4/Graphite Lithium ion Battery at 14-ºC and 1bar. 

Exhausted gases from coating/heater 

  
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

Graphite 0,000    0,000    0,000    0,000 0,000 

CMC 0,031    0,692    0,001    0,000074 0,002 

SBR 0,031    0,010    0,001    0,000020 0,000 

Super P 0,014    0,308    0,001    0,000086 0,002 

di-H2O  23,473    1,000 0,997    0,045 0,996 

Total solid 0,045 1 0,002    0,00016 0,004 

Total mass  23,548      1,000 0,044973   

  

The calculation of the volumetric daily flow presented in Table 33 was made by using 

the density of each material at the Normal Pressure and Condition (NTP) and it was used to 

determine the length of the copper foil that should be used as a current collector. The 

calculations steps to calculate the length of the copper foil are the same as used in the cathode’s 

aluminium foil. Table 34 shows the calculations and assumptions for the copper foil length. 
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Table 34. Copper foil length calculations. 

Copper foil calculations 

Coating Thickness  150 μm  

Coating Area  1440 m2 

Copper foil width  0,28 m 

 

Using the data in Table 32 and Table 33 and considering slithering losses of 2%, the 

necessary length of the Copper foil is 5 130 m/day. 

After coating, anode is calendared to form a uniform layer and then a slithering process 

is followed, the same as it is for cathode. For each of this process, losses of 2% were applied. 

The outlet stream from the slithering process for the anode is presented in Table 35: 

Table 35. Outlet stream from slithering process in anode's production for 
LiFePO4/Graphite Lithium ion Battery at 25º and 1bar. 

Stream 10 

  Mass (kg/day) Solid Mass fraction Mass fraction 

Graphite 127,795    0,481    0,481    

CMC 3,012    0,011    0,011    

SBR 3,012    0,011    0,011    

Super P 1,339    0,005    0,005    

di-H2O  130,351    0,491    0,491    

Total solid 265,510    1,000    0,893    

Total mass  265,510      0,893    

Copper foil length (m/day) 5,24E+03   

 

After slithering the anode electrode is winded together with separator and cathode 

electrode and a sequence of assembling, testing and drying process is performed, as explained 

in cathode material balance section. 
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5. COST ANALYSIS 

5.1. GRASS ROOT PLANT COST 

5.1.1. EQUIPMENT COST 

The total purchase cost is basically a sum of all equipment cost described in details in 

‘Battery manufacture: Process and equipment’ section above. All equipment and its costs are 

presented on Table 36 below: 

Table 36. Equipment cost. 

Equipment Number of Eq. Purchase cost per unit ($) Purchase cost ($) 

Furnace 1 25255,00 25255,00 

Milling 1 5671,00 5671,00 

Mixer 2 6271,00 12542,00 

Coater/heater 2 65000,00 130000,00 

Calender 2 13000,00 26000,00 

Slitting  2 11000,00 22000,00 

Winding  2 3600,00 7200,00 

Welding 1 22000,00 22000,00 

Short cut detector 2 600,00 1200,00 

Vacuum oven 1 1900,00 1900,00 

Cup forming 1 3800,00 3800,00 

Heating sealer 1 4600,00 4600,00 

Vacuum standing box 4 6700,00 26800,00 

Vacuum sealer 2 7000,00 14000,00 

Battery analyser 1 4100,00 4100,00 

Vacuum pump 4 4346,00 17384,00 

Dry Room 1 20000000 20000000,00 

Digital dispenser 4 948,00 3792,00 

Impedance tester 4 600,00 2400,00 

 

The total purchase cost is then obtained by the sum of all purchase cost from the 

equipment.  Finally, the total investment cost or grass root plant cost is obtained by multiplying 

the total purchase cost by a factor [17] that takes into account direct and indirect costs, such as 

auxiliaries, installation, building for the process and engineering. The grass root plant cost for 

this project is M$46,76 (Table 37). 

Table 37. Grass root plant cost. 

Total Purchase cost (M$) 20,33 

Direct and indirect costs factor 2,3 

Total Investment Cost (M$) 46,76 
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5.2. OPERATING COST 

5.2.1. MATERIAL COST 

The costs for each material necessary for the battery are described in Table 38. 

Table 38. Material prices. 

Material Price ($/kg) Quantity (kg/day) Total Price ($/day) 

LiFePO4 40 294,1 11764,71 

PVDF  13,5 7,2 97,67 

Super C-45  6,25 13,2 82,57 

NMP 0,05 167,8 8,39 

Graphite  0,4 134,4 53,76 

CMC  100 3,2 320,02 

SBR  50 3,2 160,01 

Super P  20 1,4 28,45 

di-H2O 16 161,3 2580,65 

 

All materials will be purchased in bulk quantities. 

The total material cost is then presented in Table 39 below. The price per day is 

$15.096,23 and the total annual price is $4.530.000. 

Table 39 Total material cost. 

Total Price ($/day) 15096,23 

Total annual price (M$/year) 4,53 

 

Silicon nano wires are not being produced in large scales, therefore there are no 

available prices yet. Although it is a promising material for the battery, it is not possible to 

know how much it will affect the price. 

 

5.2.2. OPERATOR COST 

The operator cost is based on the rule of thumbs for cost estimation. Its calculation is 

made as shown below: 

������ ���� = ������ ������ �� ����� �� ��� � ��� ������ �� � ���� 

Some assumptions are needed, such as: 

 Supervision for operators: 15% on annual cost. 

 Laboratory work: 25% on annual cost. 

 License fees: 6% on total annual cost (considered in the total operation cost). 

Considering 5 shifts with 8 operators in each and an average salary of $3.000, the annual 

operator cost is M$ 2,1. 
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5.2.3. STORAGE COST 

The storage cost is calculated both considering feedstock and products storage. 

5.2.3.1. FEEDSTOCK 

The annual cost can be calculated by using the equation below: 

������ ���� = � �� � � 365⁄  

Where � = ������ ����������� ����������⁄ (��� ����⁄ ), fA is a factor [17], 

� = ���� ������⁄ ��� ��� (��� ���⁄ ), � = ���� �� �������. 

The feedstock storage cost per year is then presented in Table 40 below. 

Table 40. Values for calculating the feedstock storage cost. 

Storage costs feedstock 

Material 
Q 

(ton/year) 
P ($/ton) Days of storage fA Annual cost ($/year) 

LiFePO4 88,24 40000,00 30 0,20 58017,73 

PVDF 2,17 13500,00 30 0,20 481,67 

Super C-45 3,96 6250,00 30 0,20 407,21 

NMP 50,33 50,00 30 0,20 41,37 

Graphite 40,32 400,00 30 0,20 265,13 

CMC 0,96 100000,00 30 0,20 1578,18 

SBR 0,96 50000,00 30 0,20 789,09 

Super P 0,43 20000,00 30 0,20 140,28 

di-H2O 48,39 16000,00 30 0,20 12726,47 

   Total storage cost ($/year) 74447,14 

 

5.2.3.2. PRODUCT 

The equation used for calculating the product storage cost is the same as used for 

calculating feedstock storage cost. In order to calculate the product storage cost, some 

assumptions are used: 

 The storage cost of one battery is $ 200/kWh. 

 5 batteries sets are produced per day. 

 30 days of storage. 

 $ 650/kWh is the battery price. 
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Table 41 Values for calculating the product storage cost. 

Storage costs product 

Material 
Q 

(Battery/year) P ($/battery) 
Days of 
storage fa 

Annual cost 
($/year) 

Battery 1500,00 17875,00 30 0,20 440753,42 

The product storage cost is $440.753, 42 per year. 

5.2.4. MAINTENANCE COST 

The maintenance cost is obtained by multiplying the grass root plant cost by a factor, 

8% [17]. Then, the maintenance cost is M$3,74. 

 

5.2.5. SPARE PARTS 

The spare parts cost is obtained by multiplying the maintenance cost by a factor, 5% 

[17]. Then, the spare parts cost is $112.225,15. 

 

5.2.6. ELECTRICITY COST 

The electricity cost is based on the usage of electricity of equipment already exposed in 

‘Battery manufacture: Process and equipment’ section above. Equipment such as calender, 

slitting and winding machines are doubled in order to increase the speed of production and to 

guarantee that it will not stop if one of the equipment needs to be repaired. Table 42 below 

shows the power requirement for each equipment. 

Table 42. Equipment power consumption. 

Equipment Number of Eq. 
Power 

(W) 
Total Power (W) 

Furnace 1 2500 2500 

Milling 1 2600 2600 

Mixer 2 750 1500 

Coater/heater 2 3000 6000 

Calender 2 2000 4000 

Slitting 2 400 800 

Winding 2 25 50 

Welding 1 800 800 

Vacuum oven 1 1500 1500 

Cup forming 1 200 200 

Heating sealer 1 900 900 

Vacuum standing box 4 50 200 

Vacuum sealer 2 600 1200 

Battery analyser 1 200 200 

Vacuum pump 4 550 2200 
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The price of energy is then calculated based on the electricity price in Sweden, April 

2015. As it is presented o Table 43, the energy consumption is 657,86 kWh/day and the total 

annual energy cost is $6.986,58. 

 Table 43. Total energy cost. 

Theoretical Total Power (W) 24650,00 

Electrical efficiency 0,90 

Total Power (W) 27388,89 

Working hours (h) 24 

Total energy (MJ/day) 2366,40 

Total energy (kWh/day) 657,86 

Cost energy (SEK/kWh) 0,30 

Total energy cost (SEK/day) 197,36 

Total energy cost ($/day) 23,29 

Total energy cost ($/year) 6986,58 

 

The electricity cost includes also the dry room operational cost, which is based on the 

assumption that its daily cost is $200. The dry room operational cost is $1.440.000 per year. 

The total electricity cost is then $1.446.986,58 per year. 

 

5.2.7. TOTAL OPERATING COST 

The total operating cost (Table 44) is calculated based on the sum of the operating costs 

described above and taking into account the licence fees cost (a factor of 6% of the operating 

cost [17], as mentioned in the ‘Operator cost’ section above). 

Table 44. Total operating cost. 

Operating Costs 

Type of Cost Total Annual cost ($/year) 

Feedstock storage 74 447,14 

Product storage 440753,42 

Spare parts 112225,15 

Amount feedstock 4528867,56 

Electricity 1446986,58 

Maintenance 3740838,50 

Operators 2232667,45 

  

Total Annual cost  ($/year) 12576785,81 

License fees ($/year) 628839,29 

Total Operating Annual cost ($/year) 13205625,10 
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The total operating cost is M$13,21 per year. 

 

5.3. PAYOFF METHOD 

The payoff method is used for estimating the time (in years) needed for receiving the 

investment money in return. 

The numbers of years is calculated by using the equation below: 

� = �
ln(1 � � ��)⁄

ln(1 + �)
� 

Where � = ������ �� �����, � = ����� ���� ����� ����, � = �������� ����, 

�� = ������ = ������� ����� ��������� ����. 

Considering the selling product specifications on Table 45 and parameters values for 

the equation above shown in Table 46, the payoff time obtained is 5 years. 

Table 45. Selling product specifications. 

Selling product specifications 

Selling price per  battery ($/kWh) 650 

Battery storage capacity (kWh/set) 27,5 

Number of batteries per day (set/day) 5 

Number of batteries per year 
(set/year) 1500 

Battery selling price ($/set) 17875,00 

 

Table 46. Parameter values for payoff method. 

Grass roots cost ($) 4,68E+07 

Interest rate 0,15 

Operating cost ($/year) 1,32E+07 

Revenue from batteries ($/year) 2,68E+07 

Income per year ($/year) 1,36E+07 

Payoff time (year) 5,18 

 

This payoff time obtained is reasonable if compared with average payoff time of new 

industrial plants [17]. If the battery price is decreased, the payoff time increases, so a sensitivity 

analysis was made in order to evaluate some uncertain parameters in the payoff calculation. 

 

5.4. SENSITIVITY ANALYSIS 

Sensitivity analysis are usually carried out in order to evaluate uncertain parameters in 

a mathematical model or in a cost model. The assumptions made during the cost estimation can 
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significantly change the product final cost. Thus, it is very important to evaluate the impact of 

deviations on your expectations and how is their influence in the payoff time. 

Initially, a breakdown of the costs was made for a better overview of the cost influence. 

In Figure 31 it can be seen the relation between the investment cost (equipment cost) and the 

operational cost annually. As expected, the initial cost of the industry is much higher than the 

operation cost, since purchase of equipment and installations cost can be expensive. 

 

 

Figure 31. Breakdown of costs. 
 

As the operational costs include different types of cost in it, a breakdown of all the 

operational costs was made (Figure 32). It can be seen that the material cost is responsible for 

36% of the total operation cost. Other major costs are maintenance, labour expenses and 

electricity. In order to reduce operational costs, the main focus should be on reducing the 

materials prices and labour expenses, since maintenance and electricity are more inflexible 

costs. 
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Figure 32. Inside operational cost. 
 

The major material costs are LiFePO4 and di-H2O. LiFePO4 is supplied ready for the 

cathode paste production, however an analysis can be made for a raw lithium material be 

supplied and auxiliaries’ facilities produce LiFePO4 particles and a lower price can be obtained. 

Another approach can be obtain a lower price from another supplier. For the di-H2O, it can be 

easily produced inside the factory, since the equipment to produce deionized water are quite 

common and usually not expensive. 

In order to analyse the influence of the materials cost in the payoff time, a sensitivity 

analysis was performed. The materials cost was swept in -40%, -20%, -10%, 10%, 20% and 

40% of the current considered material cost. It is possible to see in Figure 33 that the reduction 

of this cost will not play an expressive role in the decreasing of the payoff time. 
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Figure 33. Material sensitivity analysis. 
 

Another analysis takes into account the influence of the battery price in the payoff time. 

The results are shown in Figure 34 below. 

 

 

Figure 34. Battery price sensitivity analysis. 
 

The battery selling price plays an important role on the payoff time. The choice of the 

price is strongly related to the market price, so this factor should be taken into account when 

deciding a real price for the battery. The chosen value, $650/kWh, is reasonable in terms of 

market price and payoff time, but its decrease would turn the battery into a more competitive 

0%

-20% -10%
-40%

+20%
+10%

+40%

1

2

3

4

5

6

7

7 9 11 13 15 17 19 21

P
ay

o
ff

 t
im

e 
(y

ea
r)

 

Operational Cost
M$

Material sensitivity analysis

0

2

4

6

8

10

12

14

16

18

450 500 550 600 650 700 750 800 850

P
ay

 o
ff

 t
im

e 
(y

ea
r)

Battery price ($/set)

Battery price sensitivity analysis



 

71 
 

product. It is important to observe that the decrease of the battery price leads to an exponential 

increase of the payoff time. 

As a further sensitivity analysis, the number of cells produced per day could be changed, 

in order to evaluate the impact of a smaller or bigger production in the battery price, payoff 

time and operational costs.  
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6. RECYCLING CONSIDERATIONS 

Besides all environmental benefits of recycling, there are some potential economic 

reasons for it. It often pays off to recover the materials since the disposal is quite costly.  

For safety, most processes uses techniques to reduce the activity of the components. 

Two major processes are known for that, the first involves calcining to bake out the electrolyte 

which deactivates the cells and allows the disassembly. The second uses cryogenic process to 

reduce the reactivity of the constituents [47], [48]. This second process is largely used and 

therefore will be described here.  

The batteries are chilled to -325F in liquid nitrogen, and then are sheared into three 

pieces in a caustic bath, which neutralizes any acidic components and dissolves the lithium 

salts. The salts are precipitated and dewatered in filter presses and then used to produce lithium 

carbonate. Hydrogen and organics burn off at the surface of the process bath. The remaining 

large pieces are passed through a hammer mill, after which ferrous and nonferrous metals are 

recovered. Plastics and paper float to the top and are recovered for disposal or recycling. The 

carbon sludge is filtered out and collected as a cake. Materials are stored in bunkers and fumes 

are scrubbed. Next, the remainder is crushed and sifted, and hydrometallurgical processes are 

used to separate the metallic components. The process recovers steel or aluminium containers, 

copper and aluminium support, lithium hydroxides, and carbon. It is unclear how carbon is 

recovered as a saleable product, but since no Nickel or Cobalt are used, the process is feasible 

[47]. 

Recycling of large batteries is much easier than recycling of small consumer cells, the 

collection logistics are straightforward, the batteries will be large enough to warrant separation 

by type to maximize the value of the recovered materials and there is enough material in fairly 

large pieces to justify at least partial disassembly [47].  
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7. CONCLUSIONS 

The materials choice in this project was made considering environmental relevant 

aspects, such as safety and the absence of heavy metals in the composition, as well as capacity 

of storage and availability for production. 

As nanowires are still under research, information for industrial production was not 

available.  Another option for this electrode is graphite, because it is widely used, it is cheap 

and has suitable properties. 

A cost analysis was performed considering the industrial production process of a Li-ion 

battery using raw materials and equipment available in the market. The grass root total cost was 

M$46,76 and the annual operation cost is M$13,21. A payoff method was applied and the 

payoff time obtained was 5 years. 

After some parametric sweeping, it was possible to conclude that the materials cost does 

not have an expressive influence in the payoff time. However, the selling price of the battery 

plays an important role, resulting in a range of 13 years between the cheapest ($500/kWh) and 

the most expensive ($800/kWh) prices. Thus, it is possible to conclude that it would be 

interesting to sell the battery for $650/kWh just as it was used as a consideration in the 

beginning of chapter 4. 

The industry designed in this project is economically feasible for the price range 

mentioned above, depending mainly on a considerable initial investment.  
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9. APPENDIX 

Table 47. Amount of necessary active material per cathode at 25ºC and 1bar. 

Active Material Feed (AF) - Cathode 

 Mass (kg/day) Solid Mass fraction Mass fraction 

LiFePO4 294,118 1,000 1,000 

PVDF 0,000 0,000 0,000 

Super C-45 0,000 0,000 0,000 

NMP 0,000 0,000 0,000 

Total solid 294,118 1,000 1,000 

Total mass 294,118  1,000 

 

Table 48. Amount of necessary binder material per cathode at 25ºC and 1bar. 

Binder Material Feed (BF) - Cathode 

 Mass (kg/day) Solid Mass fraction Mass fraction 

LiFePO4 0,000 0,000 0,000 

PVDF 7,235 1,000 1,000 

Super C-45 0,000 0,000 0,000 

NMP 0,000 0,000 0,000 

Total solid 7,235 1,000 1,000 

Total mass 7,235  1,000 

 

Table 49. Amount of necessary conductive material per cathode at 25ºC and 1bar. 

Conductive Material Feed (CF) - Cathode 

 Mass (kg/day) Solid Mass fraction Mass fraction 

LiFePO4 0,000 0,000 0,000 

PVDF 0,000 0,000 0,000 

Super C-45 13,212 1,000 1,000 

NMP 0,000 0,000 0,000 

Total solid 13,212 1,000 1,000 

Total mass 13,212  1,000 

 

Table 50 Amount of necessary solvent material per cathode at 25ºC and 1bar. 

Solvent Material Feed (SF) - Cathode 

 Mass (kg/day) Solid Mass fraction Mass fraction 

LiFePO4 0,000 0,000 0,000 

PVDF 0,000 0,000 0,000 

Super C-45 0,000 0,000 0,000 

NMP 167,768 0,000 1,000 

Total solid 0,000 0,000 0,000 

Total mass 167,768  1,000 
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Table 51. General assumptions for cathode production. 

Assumptions - Cathode 

  

Losses 

Mixer losses 0,98 

Coating losses 0,98 

Heater arrested particles 0,99 

Heater losses 0,9 

Calendering losses 0,98 

Slitting losses 0,98 

  

Aluminium Foil calculations 

Coating Thickness (m) 1,50E-04 

Coating Area (m2) 2,12E+03 

Aluminium foil width (m) 0,28 

Aluminium foil length (m/day) 7,56E+03 

  

Electrical efficiency 

Mixing efficiency 0,87 

Coating efficiency 0,99 

Calendering efficiency 0,99 

Slitting efficiency 0,99 

 
Table 52. Amount of necessary binder material per anode at 25ºC and 1bar. 

CMC+SBR  Feed - Anode 

 Mass (kg/day) Solid Mass fraction Mass fraction 

Graphite 0,000 0,000 0,000 

CMC 3,200 1,000 0,500 

SBR 3,200 1,000 0,500 

Super P 0,000 0,000 0,000 

di-H2O 0,000 0,000 0,000 

Total solid 3,200 1,000 0,500 

Total mass 6,400  1,000 

 

Table 53. Amount of necessary conductive material per anode at 25ºC and 1bar. 

Super P  Material Feed - Anode 

 Mass (kg/day) Solid Mass fraction Mass fraction 

Graphite 0,000 0,000 0,000 

CMC 0,000 0,000 0,000 

SBR 0,000 0,000 0,000 

Super P 1,422 1,000 0,222 

di-H2O 0,000 0,000 0,000 

Total solid 1,422 1,000 0,222 

Total mass 1,422  0,222 
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Table 54. Amount of necessary solvent material per anode at 25ºC and 1bar. 

di-H2O Feed - Anode 

 Mass (kg/day) Solid Mass fraction Mass fraction 

Graphite 0,000 0,000 0,000 

CMC 0,000 0,000 0,000 

SBR 0,000 0,000 0,000 

Super P 0,000 0,000 0,000 

di-H2O 161,290 0,000 1,000 

Total solid 0,000 0,000 0,000 

Total mass 161,290  1,000 

 
 

Table 55 General assumptions for anode production. 

Assumptions 

Mixing efficiency 0,99 

Mixer losses 0,98 

Coating efficiency 0,99 

Coating losses 0,99 

Heater volatile losses 0,85 

Heater particle  losses 0,99 

Calendering efficiency 0,99 

Calendering losses 0,98 

Slitting efficiency 0,99 

Slitting losses 0,98 

Drying efficiency 0,99 

Drying losses 0,98 

  

Coating Thickness (m) 1,50E-04 

Coating Area (m2) 1,44E+03 

Copper foil width (m) 0,28 

Copper foil length (m/day) 5,13E+03 

 

Table 56. Inlet of raw graphite in the furnace in the production process of LiFePO4/Graphite 
Lithium ion Battery at 25ºC and 1bar. 

Stream 1 

 Mass (kg/day) Solid Mass fraction Mass fraction 

Graphite 134,409 1,000 1,000 

CMC 0,000 0,000 0,000 

SBR 0,000 0,000 0,000 

Super P 0,000 0,000 0,000 

di-H2O 0,000 0,000 0,000 

Total solid 134,409 1,000 1,000 

Total mass 134,409  0,000 
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Table 57. Outlet stream from furnace in the production process of LiFePO4/Graphite Lithium 
ion Battery at 25ºC and 1bar. 

Stream 2 

 Mass (kg/day) Solid Mass fraction Mass fraction 

Graphite 134,409 1,000 1,000 

CMC 0,000 0,000 0,000 

SBR 0,000 0,000 0,000 

Super P 0,000 0,000 0,000 

di-H2O 0,000 0,000 0,000 

Total solid 134,409 1,000 1,000 

Total mass 134,409  1,000 

 

Table 58. Outlet stream from milling machine in the production process of LiFePO4/Graphite 
Lithium ion Battery at 25ºC and 1bar. 

Stream 3 

 Mass (kg/day) Solid Mass fraction Mass fraction 

Graphite 134,409 1,000 1,000 

CMC 0,000 0,000 0,000 

SBR 0,000 0,000 0,000 

Super P 0,000 0,000 0,000 

di-H2O 0,000 0,000 0,000 

Total solid 134,409 1,000 1,000 

Total mass 134,409  1,000 

 

Table 59 Outlet stream from mixer on anode production for LiFePO4/Graphite Lithium ion 
Battery at 25ºC and 1bar. 

Stream 4 

 Mass (kg/day) Solid Mass fraction Mass fraction 

Graphite 131,720 0,967 0,443 

CMC 3,136 0,023 0,011 

SBR 3,136 0,000 0,011 

Super P 1,394 0,010 0,005 

di-H2O 158,065 0,000 0,531 

Total solid 136,250 1,000 0,458 

Total mass 297,451  1,000 
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Table 60. Outlet stream from the cathode paste mixer at 25ºC and 1bar. 

Stream 5 

 
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

LiFePO4 288,235 0,935 0,610 0,096 0,282 

PVDF 7,090 0,023 0,015 0,004 0,012 

Super C-45 12,947 0,042 0,027 0,081 0,237 

NMP 164,412 0,000 0,348 0,160 0,469 

Total solid 308,273 1,000 0,652 0,181 0,531 

Total mass 472,685  1,000 0,341 1,000 

 

Table 61. Outlet stream from the coating process in anode production for LiFePO4/Graphite 
Lithium ion Battery at 25ºC and 1bar. 

Stream 6 

 
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

Graphite 130,403 0,967 0,438 0,065 0,300 

CMC 3,074 0,023 0,010 0,007 0,034 

SBR 3,074 0,000 0,010 0,002 0,009 

Super P 1,366 0,010 0,005 0,009 0,040 

di-H2O 133,011 0,000 0,447 0,133 0,617 

Total solid 134,843 1,000 0,498 0,080 0,373 

Total mass 270,928  1,000 0,215 1,000 

Cooper foil length (m/day) 5,24E+03     

 

Table 62. Outlet stream from the coating process for the cathode production on 
LiFePO4/Graphite Lithium ion Battery at 25ºC and 1bar. 

Stream 7 

 
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

LiFePO4 282,471 0,936 0,632 0,094 0,276 

PVDF 6,879 0,023 0,015 0,004 0,011 

Super C-45 12,562 0,042 0,027 0,079 0,230 

NMP 145,012 0,000 0,324 0,141 0,414 

Total solid 301,911 1,000 0,676 0,177 0,556 

Total mass 446,923  0,998 0,318 0,932 

Aluminium foil length 
(m/day) 7,72E+03     
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Table 63. Outlet stream from the rolling press process for the anode production on 
LiFePO4/Graphite Lithium ion Battery at 25ºC and 1bar. 

Stream 8 

 
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

Graphite 130,403 0,967 0,481 0,065 0,300 

CMC 3,074 0,023 0,023 0,007 0,034 

SBR 3,074 0,000 0,023 0,002 0,009 

Super P 1,366 0,010 0,010 0,009 0,040 

di-H2O 133,011 0,000 0,491 0,133 0,617 

Total solid 134,843 1,000 0,498 0,080 0,373 

Total mass 270,928  1,000 0,215  

Cooper foil length (m/day) 5,24E+03     

 

Table 64. Outlet stream from the rolling press process for the cathode production on 
LiFePO4/Graphite Lithium ion Battery at 25ºC and 1bar. 

Stream 9 

 
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

LiFePO4 276,821 0,917 0,619 0,092 0,271 

PVDF 6,741 0,022 0,015 0,004 0,011 

Super C-45 12,310 0,041 0,026 0,077 0,226 

NMP 142,111 0,000 0,318 0,138 0,405 

Total solid 295,873 0,980 0,676 0,173 0,556 

Total mass 437,984  0,978 0,311 0,913 

Aluminium foil length 
(m/day) 7,72E+03     

 

Table 65. Outlet stream from slithering process in anode's production for LiFePO4/Graphite 
Lithium ion Battery at 25ºC and 1bar. 

Stream 10 

 Mass (kg/day) Solid Mass fraction Mass fraction 

Graphite 127,795 0,481 0,481 

CMC 3,012 0,011 0,011 

SBR 3,012 0,011 0,011 

Super P 1,339 0,005 0,005 

di-H2O 130,351 0,491 0,491 

Total solid 265,510 1,000 0,893 

Total mass 265,510  0,893 

Cooper foil length (m/day) 5,24E+03   
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Table 66 Outlet stream from slithering process in cathode's production for LiFePO4/Graphite 
Lithium ion Battery at 25ºC and 1bar. 

Stream 11 

 
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

LiFePO4 271,285 0,899 0,607 0,090 0,265 

PVDF 6,607 0,022 0,015 0,004 0,011 

Super C-45 12,064 0,040 0,026 0,075 0,221 

NMP 139,269 0,000 0,312 0,135 0,397 

Total solid 289,956 0,960 0,676 0,170 0,556 

Total mass 429,225  0,959 0,305 0,895 

Aluminium foil length 
(m/day) 7,72E+03     

 

Table 67. Exhausted gases stream from the coating process in cathode production for 
LiFePO4/Graphite Lithium ion Battery at 25ºC and 1bar. 

Exhausted gases from coating/heater - Cathode 

 
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

LiFePO4 0,000 0,000 0,000 0,000 0,000 

PVDF 0,069 0,354 0,004 0,000 0,000 

Super C-45 0,127 0,646 0,008 0,001 0,002 

NMP 16,112 0,000 0,988 0,006 0,016 

Total solid 0,196 1,000 0,012 0,001  

Total mass 16,309  1,000 0,006 0,019 

Aluminium foil length (m/day) 0,00     

 

Table 68. Exhausted gases stream from the coating process in anode production for 
LiFePO4/Graphite Lithium ion Battery at 25ºC and 1bar. 

Exhausted gases from coating/heater - Anode 

 
Mass 

(kg/day) 
Solid Mass 

fraction 
Mass 

fraction 
Vol 

(m3/day) 
Vol 

Fraction 

Graphite 0,000 0,000 0,000 0,000 0,000 

CMC 0,031 0,692 0,001 0,000074 0,002 

SBR 0,031 0,010 0,001 0,000020 0,000 

Super P 0,014 0,308 0,001 0,000086 0,002 

di-H2O 23,473 1,000 0,997 0,045 0,996 

Total solid 0,045 1 0,002 0,00016 0,004 

Total mass 23,548  1,000 0,044973  

Cooper foil length (m/day) 0,00  

 

 


