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Design of Lithium-ion Batteries for Electric Vehicles 

Final Report for President’s Cup 2011 

Supervisor: Prof. Guohua CHEN 

Abstract 

With respect to the rapid consumption of fossil fuels by automobiles and subsequent 

severe air pollution, energy alternatives for vehicles are urgently needed considering 

our depleting natural resources and upgrading pollution. Lithium-ion batteries (LIB) 

are considered as a potent candidate as a power source for future ―green‖ vehicles 

which greatly rely on electricity. Based on the current challenges of LIB, limited 

battery capacities are identified as the major obstacle in electric vehicle operation. 

Consequently, our project focuses on the improvement of electrode capacities, 

including cathode modification with carbon coating by chemical vapor deposition 

(CVD), and anode innovation by novel materials, ordered mesoporous carbon (OMC) 

and transition metal oxide (TMO). Experimental results of battery performance 

testing indicate that carbon coating has a positive effect on cathode capacity and 

deposition time will change substrate carbon content and morphology. Compared with 

conventional anode material, graphite, anode capacity is also proven to have increased 

by improved structure and materials.  

1. Introduction 

Global warming has become one of the most serious challenges human beings are 

facing, evidenced by the unpredictable climate changes and increasing incidence of 

natural disasters. To tackle the problem, finding solutions to reduce our reliance on 

fossil fuel seems to top the global agenda. Transportation, being the world’s 

fastest-growing form of energy use, accounts for nearly 30% of world energy 

consumption and 95% of global oil consumption. Electric vehicles have been seen 

one of the most promising ways to free us from fossil fuel dependence and thus 

decarbonize the industry. However, while many automobile manufacturers have 

demonstrated their capability in designing and building electric vehicles, the problem 

with the battery has long been one of the obstacles hindering the popularization of 

electric cars. 

Rechargeable lithium-ion batteries (LIBs) have been widely adopted as energy storage 

medium for portable devices, including mobile phones and digital camcorders, as well 

as high energy-consuming machines, such as electric vehicles (EVs), hybrid electric 

vehicles (HEVs), and plug-in hybrid electric vehicles (PHEVs). The ever-growing 
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needs for high energy density and longer battery lifetime have prompted intensive 

research on developing new electrode materials for LIBs. [1-4] 

2. Project Description 

Rechargeable lithium ion batteries involve a reversible insertion/extraction 

(intercalation/de-intercalation) of Li+ ions into/from a host matrix (electrode material), 

called lithium insertion compound, during the discharge/charge process. In a typical 

cycle of the lithium ion battery, the lithium insertion/extraction process occurring with 

a flow of ions through the electrolyte is accompanied by the reduction/oxidation 

reaction of the host matrix assisted with a flow of electrons through the external 

circuit. [5] 

The current challenges of lithium-ion batteries remain in the following fields: 

decrease manufacturing costs, improve safety, and enhance battery capacity. Since 

electric cars generally require high energy density and power density, such as start-up, 

limited cathode and anode capacities is therefore the major obstacle in the present 

commercialized electric cars. Hence our project aims to study the enhancement of 

lithium-ion battery capacity which focuses on electrode material modification and 

innovation, including carbon coating modification on cathode material and novel 

anode materials.  

There are two major parts of this project – cathode solutions and anode solutions. 

While the cathode capacity is designed to be improved by innovative synthesis 

method (LiFePO4 [LFP] synthesis) and surface modification (nano carbon coating), 

anode is designed to be improved by innovative anode material (transition metal oxide 

TMO) and structure (ordered mesoporous carbon OMC), as is shown in Figure 1. 

 

 

 

 

 

 

 

Figure 1: Battery structure and Research Areas 
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3. Literature Review 

3.1. Cathode Modification 

In order to improve the capacity of LFP, which includes higher specific capacity, 

better cyclability, and rate capability, the key issues are:  

 Control the morphology of LFP – Li ion prefers to diffuse in a 1-D channel in 

LFP crystal more than the other directions according to simulations, [6] i.e. it is 

preferable that the morphology of LFP confers a short dimension along the 

preferred diffusion channel for Li ion.  

 Control the size of LFP – shortens the distance for Li ion to exchange with 

electrolyte, a process that generates electricity. Also, the uniformity of LFP 

particles is very important regarding to product consistency. 

 Developing smart carbon coating technique – LFP possesses a low intrinsic 

electronic and ionic conductivity, which resulted in a reduced discharge rate 

capability. [7] And ultrafine nanostructures of high conductivity carbon can 

prevail over these problems.  

 

In this research, focus are placed on the 2
nd

 and the 3
rd

 approaches to improve cathode 

capacity – we use a solvothermal synthesis method to better control the size of LFP, 

and use Chemical Vapor Deposition (CVD) to form a ultrafine nanostructures coating 

layer on LFP to increase the specific capacity and rate capability of LFP. 

 

Currently in industry, the predominant way to prepare lithium ferrous phosphate (LFP) 

is solid state method, which is often characterized by a prolonged high temperature 

(600-900 
◦
C) sintering step. [8] This method suffers from drawbacks such as high 

energy consumption and varying particle size, which stunts battery quality. To better 

control LFP quality, solvothermal synthesis is amongst the most promising synthesis 

methods. Solvothermal synthesis is carried out in milder condition (180-220 
◦
C) with 

a solvent medium. Better control over particle size and uniformity is achievable 

through controlling proper solvent, aging time, and some process parameters. In this 

project, ethanol was chosen as the medium and the objective is to control the particle 

size and uniformity in order to achieve high capacity LFP with higher consistency.  

 

3.2 Anode Innovations 

Two alternatives were proposed to improve the anode capacity, including 

modification on anode structure and innovation of anode materials. Results of both 

proposed alternatives were further compared with the present conventional anode 

material, graphite, in terms of capacity and performance.  
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3.2.1. Structure modification: ordered mesoporous carbon (OMC) 

Over the past decade, porous carbons are recognized to be a potent candidate of 

electric power sources. Owing to present prevalence of graphite as anode, 

carbon-based materials have greater manufacturing acceptance in present industries. 

Consequently, an ordered mesoporous carbon (OMC) is chosen to be our target anode 

material, namely CMK-3. 

 

CMK-3 distinguishes itself with remarkable properties of high specific surface area, 

large pore volumes, chemical inertness and good mechanical stability with high 

uniformity of pore sizes. [10] The former two properties greatly enhance 

transportation of Li
+
 within batteries, and the latter two benefit both manufacturing 

process and safety concerns. The synthesis of CMK-3 consists of four major steps, 

namely SBA-15 silica template synthesis, carbon infiltration, pyrolysis and removal 

of template. Various methods from relevant literature and existing practices were 

combined to simulate our actual procedures.  

 

3.2.2. Material innovation: transition metal oxides (TMO) 

Tarascon et al first reported the use of transition metal oxides (TMOs) as potential 

anode materials in 2000, showing that these materials may lead to sustained storage 

capacities by reacting reversibly with lithium via a displacement reaction [11]. The 

TMOs, including TiO2, V2O5, MnO, Fe2O3, MMn2O4, MFe2O4 and MCo2O4 (M=Fe, 

Co, Cu and Zn), can deliver two to three times the specific capacity of graphite which 

is the conventional anode material, indicating that these materials seem to be 

promising in the market. In addition, our research group is expected to attain two 

Chinese Patents and one communication paper [12] is published in this area. 

 

Among these metal oxides, we choose zinc manganese oxide (ZnMn2O4) as our 

targeting product, for the reason that its starting materials are relatively inexpensive 

and environmentally benign. Since nano-sized particles hold large surface to volume 

ratio, its advantages in higher chemical reactivity and shorter lithium ion diffusion 

path make it a potential alternative as the anode material for lithium-ion batteries. 

 

4. Experimental Procedures and Conditions 

4.1 Cathode Synthesis and Chemical Vapor Deposition Treatment  

The solvothermal procedure employed in this project involves precursor forming step, 

followed by a sintering step that enhance the crystal structure. 27 mmol of lithium 

hydroxide monohydrate (purchased from Aldrich), 1mmol of magnesium acetate 

tetrahydrate (Aldrich), 25 mmol of iron (II) oxalate dehydrate (Aldrich) oxalate were 

mixed with 30 mmol of nitric acid and 24 mmol of phosphoric acid. The mixture was 

magnetically stirred and heated to 95 
◦
C in a reaction vessel for 30 minutes under 
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nitrogen atmosphere. This step involved a chemical reaction that transformed ferrous 

ion, which was very susceptible to oxygen, from the solid phase in ferrous oxalate 

into solution phase under perfect nitrogen protection. The resulting solution was 

precipitated in 96% ethanol, transferred into a TEFLON-lined autoclave bomb reactor, 

and aged under 180
◦
C for 12 hours, followed by filtration and vacuum drying 

overnight. The powder was then sintered under 550
◦
C for 3 hours.  

 

Using the LFP synthesized by solvothermal method mentioned above, a surface 

modified nano carbon–coated cathode material was obtained by chemical vapor 

deposition. The system was oxygen free and supplied with nitrogen gas as inert 

background gas. Glass tube with substrate inside was heated to 300
◦
C at a rate of 10

◦
C 

/min, and then temperature was maintained at 300
◦
C for 3 hours. Afterwards, LFP was 

continued heating at 10
◦
C /min until it reached 750

◦
C. At 750

◦
C, acetylene (carbon 

source) was supplied for a controlled period of time (8min, 10min, 12min, or 14min) 

when the glass tube was rolling to achieve a more uniform coated layer. Acetylene 

was pyrolyzed at 750
◦
C and decomposed to carbon which then deposited on LFP 

surface.  

 

The carbon coated LFP was characterized by X-Ray diffraction analysis (XRD), 

scanning electronic microscopy (SEM), transmission electronic microscopy (TEM), 

elemental analysis and measurement of charge/ discharge behavior.  

 

4.2. Synthesis of CMK-3 and ZnMn2O4 as Anode Materials 

4.2.1. Synthesis of CMK-3 

Typical SBA-15 silica template was prepared in 100 ml glass bottle by mixing 2.5g 

EO20PO70EO20 (Pluronic P123, Sigma-Aldrich), 5.85 ml tetraethylorthosilicate 

(TEOS, Sigma-Aldrich) and12.59 ml 37wt% hydrochloric acid (HCl) with 81 ml of 

deionized water. The quality of finished SBA-15 samples was characterized by low 

angle X-ray diffraction (XRD) and transmission electron microscopy (TEM). The 

qualified SBA-15 samples were later mixed with proper amounts of sucrose and 

sulfuric acid (H2SO4) and heated at 100
o
C for 6 hours and 160

o
C for another 6 hours 

and repeated once. Pyrolysis of the mixture was conducted in vacuum at 950
o
C for 6 

hours. The SBA-15 silica template, which was by then interlocking with the target 

carbon CMK-3, was removed in heated sodium hydroxide (NaOH) solution. 

 

4.2.2. Synthesis of ZnMn2O4 

The targeting ZnMn2O4 was synthesized via two distinctive methods, namely the 

single source precipitation (SSP) method and the solvothermal (ST) method.  

 

 SSP method 

30 mmol of MnCl2•4H2O (5.9373 g) was dissolved in 100 ml deionized water 

containing 20 mmol of Na3Hcit•2H2O (5.8820 g) and 10 mmol of H4cit (1.9213 g). 
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The mixture was under vigorous magnetic stirring at 60
o
C for 1 hour. 15 mmol of 

ZnO (1.2209 g) was later slowly added into the solution and stirred at 80
 o
C for 

another hour leading to the end of the precipitation reaction. The white precipitate was 

immersed in anhydrous alcohol several times, separated by filtration and dried under 

vacuum overnight. The resulting precursor was calcined in air at 700
 o
C for 2 hours to 

obtain the as-synthesized ZnMn2O4, labeled SSP-700. 

 

 ST method 

A modified solvothermal method was adopted. [13] 5 mmol of Zn(NO3)2•6H2O 

(1.4875 g), 10 mmol of Mn(NO3)2•H2O (1.7895 g), 5 mmol of citric acid (0.9607 g) 

and 2.5 mmol cetyltrimethylammonium bromide (CTAB) (0.9111 g) were added into 

150 mL of anhydrous ethanol. The mixture was vigorously stirred for 3 hours and 

then transferred into a Teflon-lined stainless-steel autoclave for solvothermal 

treatment at 160
o
C for 48 hours. After the autoclave had cooled down to ambient 

temperature, the mixture was washed with distilled water and anhydrous ethanol, and 

dried under vacuum overnight. The as-synthesized ZnMn2O4 underwent a calcination 

treatment, labeled ST-500, ST-600, ST-700 according to calcination temperature. 

 

The crystalline structure and particle morphology of the ZnMn2O4 were characterized 

by X-ray diffraction (XRD) (Bruker D8 ADVANCE, Cu K radiation), scanning 

electron microscopy (SEM) (JEOL 6300F). The electrochemical performance of 

resulting samples was examined by assembling them into coin cells, the detailed of 

which can be referred to in the Appendix section.  

5 Results and Discussions 

5.1 Results of Chemical Vapor Deposition Treated LFP 

 

Blank LFP without carbon coating and CVD carbon-coated LFP were both assembled 

into batteries. The battery performance was tested with a multichannel battery test 

system (NEWARE CT–3008W). The results below compare the specific capacity, 

efficiency, cyclability, and rate capability of the blank LFP and CVD coated LFP 

batteries. nC means to fully discharge the battery in 1/n hours. 

5.1.1. Efficacy of CVD coating 

Table 1: CVD coated-LFP capacity performance compared with blank LFP 

 Specific 

Capacity under 

0.1C (mAh/g) 

Efficiency 

after 10 

cycles 

Cyclability Rate 

capability 

Blank (LiFePO4 

without coating) 

77 98% 98.9% 74% 
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LiFePO4 coated by 

chemical vapor 

deposition (14 min) 

120 100% 100%* 81% 

*the capacity is increasing over 40 charge-discharge cycles 

 

Figure 2: Rate capacity comparison 

(Courtesy: The first 8 data points of both samples were taken from first 8 cycles of 0.1C cycling test 

while the rest of the data points are taken from the same set of cycling test for both sample with varied 

current density of 1C, 2C and back to 0.1C for the merit of comparison.) 

 

The results clearly demonstrate that nano carbon coating layer by CVD significantly 

increased capacity performance (specific capacity, efficiency, cyclability, and rate 

capability) of LFP. Firstly, it can function as a protective layer to cover the active 

sites and reduce the electrolyte decomposition so that its structural stability can be 

enhanced. Secondly, it can enhance the conductivity to contribute to its high rate 

performance, as shown by its higher rate capability. 

 

Higher specific capacity, efficiency, cyclability, as well as high rate performance (rate 

capability) are all favored battery design to superior electric vehicle performances.  

 

5.1.2. CVD deposition time: a factor on battery performance 

Acetylene was supplied for 8min, 10min, 12min, and 14min at 750
◦
C for the 4 

experimental sets to investigate how deposition time influences physical, chemical, 

and electrochemical properties of LFP. 

 

Carbon-coated LFP with different deposition time were assembled into coin cells and 

charge-discharge test was undertaken under current density of 0.1C. Key performance 
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parameters including stabilized capacity, columbic efficiency, and cyclability
1
 are 

summarized in Figure 3 and Figure 4. 

 
Figure 3: effect of deposition time on capacity 

 

Figure 4: Deposition time VS battery performance 

Capacity increased proportionally with increasing deposition time and all samples 

demonstrated 97-100% efficiency and cyclability. In addition, LFP sample with 14 

minutes deposition time has shown most superior efficiency and cyclability of all the 

samples. It demonstrated the highest capacity of around 120 mAh/g with most 

consistent capacities over different cycles, i.e. highest cyclability.  

                                                           
1
 Stabilized capacity is the capacity after the battery is stabilized after certain amounts of 

charging-discharging cycles; efficiency is the ratio of charging capacity and discharging capacity; 

cyclability is the repetitiveness of battery capacity after many charging-discharging cycles. 
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Table 2 below summarizes the characterization results of the 4 samples to better 

understand the inclining performance demonstrated above. 

Table 2: Characterization results comparison 

Deposition 

time (min) 

EA (carbon 

%, of overall 

weight) 

XPS (carbon 

%, within 

5nm under 

surface) 

TEM (morphology) – image included 

below 

Thickness Overall Morphology 

8 3.18% 86% Not clear Carbon layer not measurable 

10 3.04% 84% ~9nm Uniform, distinguished 

carbon layer 

12 4.47% 89% ~10nm Uniform, distinguished 

carbon layer 

14 4.58% 87% ~10nm Uniform, distinguished 

carbon layer with growing 

quantity and length of 

carbon tube. 

 

 

Figure 5: TEM images of blank LFP (left) vs. 14 mins CVD coated LFP (100nm scale) 

         

Figure 6: TEM images of 10 mins (left) vs. 14 mins CVD coated LFP (5 nm scale) 

Figure 5 provides a clear view of the coated carbon layer by comparing the TEM 

images of blank LFP without coating and coated LFP for 14 minutes. Figure 6 is the 

zoom-in view of Figure 5, which shows the carbon layer thickness and morphology. 
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It is observed that there is a general growing trend for overall carbon content, which 

could explain the increasing specific capacity of batteries (as shown in earlier 

section), as carbon has a high electron conductivity compared to the battery substrate 

(LFP). And therefore, we say that a higher deposition time is beneficial to increase the 

overall carbon content, which then contributes to a higher specific capacity. 

 

Finally, the morphology change supplemented to explain the superior specific cathode 

performance and superior stability of 14 minutes cathode sample. As shown in the 

TEM images, while 10 minutes samples showed similar morphology like the blank 

sample, 12 minutes sample had clear morphology change where part of the substrate 

―flow‖ and encapsulated by carbon layer. For the 14 minutes sample, carbon tubes 

with LFP filling inside are found. This LFP encapsulated carbon tube structure is 

newly found and is suspected to be the main factor contributed to the superior stability 

of the 14 minute sample. It is suspected that this LFP encapsulated carbon tube 

structure provides superior structure to shorten Li ion transport lengths, increase 

resistance to degradation, and ability to store Li ions. Although numerous research on 

growing carbon nanotube on LFP with catalyst, which also strengthen LFP battery 

performance, [9] has been undertaken, our discovery of encapsulated LFP inside the 

tube is the first of its kind and has demonstrated extremely high consistency. 

 

   

Figure 7: trend - comparison between 10 (left), 12 (middle), and 14 mins CVD coated LFP 

In conclusion, deposition time of CVD has a positive impact on cathode performance 

(demonstrated in Figure 4). The increasing capacity is mainly attributed to increasing 

overall carbon content. The deposition time also has an impact on the morphology of 

carbon coated LFP. After a certain coating time (12 minutes) in this experiment set, it 

is proposed that carbon tube would grow from the LFP substrate with LFP 

encapsulated inside. This LFP encapsulated carbon tube structure provides a superior 

structure for Li-ion transportation and storage, which is supported by the high 

capacity stability of the 14 minutes sample. 

 

5.1.3. Discovery of special morphology  

To our knowledge, the LFP encapsulated carbon tube structure is the first of its kind. 

Although numerous research efforts have been spent on growing carbon nanotube, 
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with the LFP encapsulated inside the tube, it is expected to further enhance LFP 

battery performance by reducing LFP-LFP contact which subsequently reduces 

battery degradation.  

 

The results of this project have demonstrated that 1) nano carbon coating formed by 

CVD method has significantly increased the LFP capacity performance (specific 

capacity, efficiency, cyclability, and rate capability) of LFP; 2) with increasing 

deposition time (up to 14 minutes), the capacity, cyclability, and efficiency of LFP 

increases significantly; 3) a first-of-its-kind phenomenon o LFP encapsulated carbon 

tube was observed.  

 

5.2. Characterization and Battery Testing of CMK-3 and ZnMn2O4  

5.2.1. Characterization and battery testing of CMK-3 

Since the quality of our target carbon material CMK-3 is greatly influenced by the 

quality of its synthesis template SBA-15, different characterization methods were 

deployed in examining synthesized SBA-15 samples. Pore uniformity of SBA-15 was 

characterized by low angle X-ray diffraction (XRD), while pore size was examined by 

transmission electron microscopy (TEM). Characterized SBA-15 sample results are 

shown in Figure 8 below, which are in agreement with literature data and qualified 

for further CMK-3 synthesis. The diffraction angle peaked at ~1.0 and two minor 

peaks at around 1.3 and 1.8 in XRD indicated our SBA-15 template has narrow 

distribution of pore sizes and TEM image further validated the template quality. 

 

 
 

Figure 8: Low angle XRD (left) and TEM image of SBA-15  

The quality of synthesized CMK-3 samples was characterized by BET 

(Brunauer-Emmet-Teller theory). Specific surface area of CMK-3 was examined by 

adsorption and desorption of nitrogen gas molecules. The specific surface area was 

calculated as 1279m
2
g

-1
 which was in agreement with literature data and thus our 

synthesized CMK-3 was qualified for further battery testing.  
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The battery testing results regarding to cycle numbers versus discharge capacity are 

shown in Figure 9a below.  

 

Figure 9a: Comparison of capacities of anode materials 

The first discharge capacity reached 1291 mAhg
-1

 and stabilized at around 500 

mAhg
-1

 after 20 cycles. Further testing cycles showed great stability of CMK-3, as the 

columbic efficiency remains 100% as more cycles were repeated. 

 

Compared with the present anode material graphite, CMK-3 has shown an improved 

capacity and stability. The theoretical capacity of graphite, the conventional anode 

material, is only 372mAhg
-1

, which is around 130 mAhg
-1

 less than our synthesized 

CMK-3. Considering present challenges in lithium-ion battery manufacturing, CMK-3 

is greatly favored because of its inexpensive raw materials, enhanced capacity and 

improved safety. Compared with other anode materials based on metals, CMK-3 takes 

advantage of being carbon-based, which is relatively less reactive than metal oxides 

and well accepted in the present battery manufacturing industries. In addition, the 

enhanced battery capacity increases CMK-3’s suitability in electric cars which 

requires high discharge rate and stable cyclability. 
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5.2.2. Battery testing of ZnMn2O4 

 

Figure 9b: Comparison of capacities of anode materials 

From Figure 9b it is concluded that ZnMn2O4 synthesized by our methods has 

superior electrochemical performance than that of the conventional anode material, 

graphite. After 50 cycles, synthesized ZnMn2O4 by SSP method and ST method 

possessed stabilized specific capacities of 533, 538 mAhg
-1

 respectively, which are 

44% higher than that of graphite. 

Though ZnMn2O4 synthesized via two distinct methods showed similar patterns of 

capacity vs. cycle number, each method has its own advantage. 

 

 SSP method 

The most outstanding characteristic that differentiates this method from others is that 

it requires minimum time to produce high purity products. Normal ZnMn2O4 

synthesis generally requires tens of hours of calcination of corresponding metal 

oxides with suitable stoichiometric ratio at elevated temperature. Similarly, 

conventional graphite also needs complicated preparation including various separation 

and calcination steps. In contrast, in SSP method, the precursor can be synthesized 

within two hours and the formation of the final product is completed in another two 

hours. Consequently, the synthesis is easy to be performed and the process can be 

scaled up more readily. 
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 ST method 

 

Figure 10: Rate capability of ZnMn2O4 ST-700 

A significant phenomenon observed during battery testing is a capacity increase of the 

sample ZnMn2O4 ST-700 after undergoing a step discharge/charge pattern from 100 

mAg
-1

 current density (0.1C, totally discharge the battery in 10 hours) to 2000 mAg
-1

 

(2C, totally discharge the battery in 0.5 hour). After charging back under 100 mAg
-1

 

for another 40 cycles, the specific capacity increased from 538 mAhg
-1

 (after initial 50 

cycles) to 605 mAhg
-1

, showing a 12.5% increase. Another battery testing in Fig. 3 

with lower initial capacity after 50 cycles (502 mAhg
-1

) undergoing a similar rate 

capability test, resulted in a 28% increase up to 642 mAhg
-1

 after 60 cycles under 100 

mAg
-1

 current density. Similar capacity recovery has been reported previously, but 

none of them has demonstrated such a significant increase. This phenomenon may be 

attributed to the formation of polymer/gel-like film adjacent to the electrode, showing 

an active electrochemical property of the as-synthesized ZnMn2O4. 

 

6 Plant Design 

LFP market environment 

According to a report published in December, 2010 by China Chemical News [14], 

China has more than 60 producers of lithium ferric phosphate-based positive electrode 

materials today. Nearly 20 of them have achieved large-scale production. But none of 

them has emerged as a leader in the sector due to lacking innovative technology and 

poor quality control.  
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Data reveal that China is capable of producing 6.8 million KWh of lithium batteries 

energy in 2010. It is expected that, with a series of construction projects, China's 

capacity of power lithium batteries will reach 13.3 million KWh in 2015. The output 

of EV/PHEV passenger cars and commercial electric vehicles in China is predicted to 

be around 120 000 units that year, which will consume around 3.1 million KWh of 

lithium batteries energy, only 23% of the total capacity. 

 

Plant Economics Calculation 

 Capacity: LFP raw material is consumed at the rate of 300 ton/a. Due to our 

improved material, the specific energy of which reaches 90 Wh/kg, our output is 

actually 72,000 KWh per annum.  

 Sales: Each Chevrolet Volt pack contains 16 kWh of lithium-ion cells of which 8 

kWh is usable. Our plant can produce battery pack for 4500 battery packs to drive 

Chevrolet. Announced by GM in 2010, each Chevy Volt battery pack will cost 

$8500. If we mainly sell the battery packs, we expect to have revenue of $38.25 

million. 

 Fixed Capital Investment: we expect our capital investment will be around 

$8.29 million using the exponential method (with exponential index of 0.6) with 

the benchmark from General Motors Battery Assembly Plant. Benchmark: GM 

invested $43 million in developing GM Brownstown Assembly Plant, at a site 

chosen a year ago and where construction work first began in 2008 summer. [15] 

Gary Cowger, GM's manufacturing and labor relations chief, said the plant will 

eventually be able to support three shifts of workers making 70,000 battery packs 

a year. [16] 

 Total production cost: The price for LFP is CNY130,000/ton, so we will spend 

$5.94 million on LFP purchasing. From China Chemical News, lithium ferrous 

phosphate material itself accounts for around 30% of the battery cost[15]. We 

estimate the direct production cost to be $19.8 million. Usually for a plant, direct 

production cost will take up 60% total production cost. Hence the total production 

cost will be estimated to be $33.0 million.  

With the above conditions, we can generate a Breakeven Chart
2
 and Cash Flow 

Diagram
3
.  

                                                           
2
 Assumption: Fixed Cost is 1.5 million USD annually 

3
 Assumptions: interest rate 6%. Fixed capital investment is spread to 2 years with Year 0 taking up 

66.7% and Year 1 33.3%. Tax rate is 16.5%. Year 1 has only 30% of the total capacity 



17 

 

 

Figure 11: Breakeven chart and Cash flow diagram 

7 Conclusion 

Aiming to tackle the capacity problems of Lithium ion batteries, the team has 

successfully investigated cathode modification (synthesis method and nano carbon 

coating) and novel anode materials. By controlling deposition time of CVD, cathode 

specific capacity, rate capability, as well as electrode stability were improved as the 

carbon content and morphology changes. With the 2 new methods proposed, 

ZnMn2O4 were synthesized with significantly high specific capacity compared with 

conventional graphite anode. Finally, the OMC novel anode structure demonstrated 

significant specific capacity improvement.  

 

Both proposed innovations on anode materials have achieved the goal of battery 

capacity improvement. Compared with the conventional anode material graphite, 

CMK-3, the carbon-based anode material, has shown an improvement of battery 

capacity to 500 mAhg
-1

 which results in a 34% increment with modification on 

carbon structure. In addition, with innovative synthesis methods, novel anode material 

based on transition metal oxide, ZnMn2O4, has shown a 44% increase in battery 

capacity, which leads to a better prospect in the future lithium-ion batteries for electric 

cars. Both innovated anode materials have merits in improving battery capacity, and 

further distinguished themselves as prospective alternatives in the future lithium-ion 

batteries.  

 

Battery has long been a problem for electric vehicle commercialization. Through our 

research, battery for electric cars will benefit from an increasing specific capacity and 

more stable performance. By contributing to tackle the obstacle of battery for electric 
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vehicles, our project adds value to the society to enable a less carbon concentrated 

travelling option. 
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10 Appendix 

A. Procedures of ZnMn2O4 battery assembly 

The electrode consisted of 80% of ZnMn2O4, 10% of acetylene black, and 10% of 

polyvinylidene fluoride (PVDF) in N-methyl-2-pyrrolidone (NMP) (1:20 by weight). 

Button-type test cells were assembled in an argon-filled glove box with 1 mol 

L−1solution of LiPF6 in ethylene carbonate/ethylene methyl carbonate/dimethyl 

carbonate (EC: EMC: DMC=1:1:1v/v/v) as the electrolyte, fresh lithium foil as the 

counter electrode and the Celgard 2400 as the separator. The cells thus assembled 

were cycled galvanostatically in the voltage range between 0.01 and 3 V at a current 

of 100mAg
−1

 with a multichannel battery test system (NEWARE CT-3008W). 

 

B. Cash flow chart 
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