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Lifetime Management Method of Lithium-ion battery for Energy 
Storage System
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Abstract – The lifetime of a lithium-ion battery is one of the most important issues of the energy 
storage system (ESS) because of its stable and reliable operation. In this paper, the lifetime 
management method of the lithium-ion battery for energy storage system is proposed. The lifetime of 
the lithium-ion battery varies, depending on the power usage, operation condition, and, especially the 
selected depth of discharge (DOD). The proposed method estimates the total lifetime of the lithium-ion 
battery by calculating the total transferable energy corresponding to the selected DOD and achievable 
cycle (ACC) data. It is also demonstrated that the battery model can obtain state of charge (SOC) 
corresponding to the ESS operation simultaneously. The simulation results are presented performing 
the proposed lifetime management method. Also, the total revenue and entire lifetime prediction of a 
lithium-ion battery of ESS are presented considering the DOD, operation and various condition for the 
nations of USA and Korea using the proposed method.

Keywords: Energy storage system, Lithium-ion battery, Lifetime, Depth of discharge, Achievable 
cycle.

1. Introduction

Recently, research on the smart grid that combines 
Information & Communication Technology (ICT) with the 
power system has actively progressed around the world, 
resulting in developments such as renewable energy power 
plants, plug-in electric vehicles, and ESS. These develop-
ments are based on electrochemical batteries, playing a 
key role in resources exploitation as well as energy 
consumption optimization. [1, 2] ESS is currently used 
for different applications including peak-shaving, load-
leveling, and power quality improvement as well as to 
support the of renewable energy sources connected to the 
grid as distributed generation. [3-5]

The ESS system performs efficient energy consumption 
by selecting the optimal time of battery charging and 
discharging considering the power requirement and power 
production. Therefore, efficient energy management is 
available by using the ESS performing peak-shaving and 
load leveling. Also, the electricity rates in accordance with 
the battery discharging operation provide economic profit 
to the ESS user. [6]

Fig. 1 shows the general configuration of the ESS. The 
system is composed of a bi-directional DC-DC converter 
for controlling the current of the battery and DC/AC PWM 

converter for supplying power to the grid and load. 
Research on power conversion devices and control 
algorithms for the grid-tied system using a lithium-ion 
battery are currently being carried out. [7-11]

In the configuration of ESS, a secondary battery is 
essential to perform the charge and discharge operation. 
Indeed, the efficiency and characteristics of the secondary 
battery determine the performance of the ESS. Among the 
various secondary batteries, the production of lithium-ion 
batteries has been continually increasing because of their 
excellent performance, which is related to their high 
specific energy, energy density, specific power, efficiency, 
and long lifetime. [12, 13] Especially, in consideration of 
the volume of the total system including the battery, the 
advantage of the lithium-ion battery that is applied to the 
ESS is maximized. When the ESS system is configured, 
the lifetime of the lithium-ion battery is an important issue 
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Fig. 1. The general configuration of energy storage system
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in terms of the maintenance and reliability of the total 
system. When ESS is operated only considering the load 
condition or electricity rates, a lifetime of the battery 
cannot be taken into account. 

However, if the lifetime of the lithium-ion battery can be 
predicted, stable it is possible to ensure stable operation 
over the lifetime of the lithium-ion battery. Also, estimating 
the entire lifetime of the lithium-ion battery is essential for 
estimating the actual total revenue prediction. 

Therefore, the total transferable energy during the 
entire lifetime of battery should be calculated. The total 
transferable energy representing the amount of available 
battery power for charging and discharging during the 
entire lifetime vary according to the selected DOD because 
the ACC is affected by the selected DOD. In general, the 
ACC of a lithium-ion battery decreases in accordance with 
the increasing DOD.[14] 

Therefore, in order to calculate the total transferable 
energy of the lithium-ion battery, fixed DOD control is 
needed. [15] And, in order to estimate the entire lifetime of 
the lithium-ion battery, the accurate information for the 
SOC of the lithium-ion battery of ESS is also required. 
SOC estimation methods have been extensively studied in 
the literature [16-22].

Also, because the chemical properties of the lithium-ion 
battery are significantly reduced at low temperature, the 
battery lifetime is adversely affected. [23-25] The general 
temperature range for safe operation of the lithium-ion 
battery is between -20 and 60°C, and most lithium-based 
batteries cannot be operated at a temperature below -20°C. 

In general, the optimized temperature for maximizing 
the ACC of the lithium-ion battery is room temperature, 
25°C. A heating and cooling device is therefore needed to 
ensure a constant temperature control of the lithium-ion 
battery system. 

In this paper, the battery lifetime management method, 
which estimates the residual power and lifetime of the 
lithium-ion battery through total transferable energy is 
proposed considering in the room temperature. In order to 
control DOD, the improved battery model combining the 
Thevenin and Shepherd battery models is applied for 
open circuit voltage (OCV) and state of charge (SOC) 
calculation. [26] 

This paper is arranged as follows: Section 2 explains the 
general system topology of grid-tie ESS system and the 
modes of power flow corresponding to the condition of the 
load and grid; Section 3 discusses the achievable cycle of 
lithium-ion battery and total transferable energy that can be 
calculated from the selected DOD; Section 4 presents the 
battery lifetime estimation method ; Section 5 explains the 
SOC estimation in order to obtain accurate battery voltage 
corresponding to the battery charging and discharging 
operation using the battery modeling. Section 6 gives the 
proposed battery lifetime management method. Section 7 
provides simulation results for evaluating the performance 
of proposed method and estimating the total revenue and 

entire lifetime of a lithium-ion battery of ESS cor-
responding to the various condition, and Section 8 draws 
some conclusion.

2. Grid-tied ESS System

Grid-tied ESS have been studied in various topologies 
including single-phase and three-phase. Fig. 2 shows the 
configuration of Grid-tied energy storage system in this 
paper. The full-bridge converter is operated during the 
battery charging and discharging operation. It is commonly 
used an isolated DC/DC converter in consideration of the 
stability of the battery. The AC/DC PWM converter is 
operated as 3-phase rectifier mode at battery charging from 
the grid power. Also, it is operated as 3-phase inverter 
mode at battery discharging operation.

AC/DC PWM

Fig. 2. The configuration of Grid-tied Energy storage system

Using the grid and load MC, the battery discharging 
power is transferred to the load or grid. The grid is 
connected directly to the load. The grid power is used for 
charging the battery or handling load. The ESS discharges 
the power from the battery to load and transmits the power 
to the grid during peak-load or charges the power to the 
battery during light-load. 

Fig. 3 shows the mode of power flows that can be 
generated considering the load and system conditions. 

Fig. 3(a) and 3(b) show the power flows mainly 
occurring during peak-load. At this time, the power of the 
battery handles the load and extra power provides the 
economic profit to the user by transmitting to the grid. Also, 
when the load is increased much more than battery power, 
both battery and grid should handle the load as seen in Fig. 
3(c). Fig. 3(d) and 3(e) show the mode occurring during 
light-load. The battery is charged from the grid power and 
the grid handles the load. 

3. Achievable Cycle of Lithium-ion Battery

Table 1 shows the achievable cycle data of the unit cell 
of the lithium-ion battery. The achievable cycle refers to 
the number of cycles during the entire lifetime of the 
lithium-ion battery in the condition of fixed DOD and 
temperature.

In general, the life cycle of the lithium-ion battery is 
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increased when low DOD is used [14]. Also, the lithium-
ion battery has the most stable characteristics at room 
temperature because of the chemical change of the 
electrolyte of the lithium-ion battery at high and low 
temperature. Therefore, an additional heating device needs 
to be implemented to maintain a constant temperature for 
the stable operation of the lithium-ion battery at the low-
temperature condition.

Fig. 4 shows the achievable cycle of the lithium-ion 
battery according to the battery operation at fixed DOD at 
room temperature. When only the load condition is 
considered when operating the ESS system, and when only 
the electricity rates are considered when charging and 
discharging power is computed, the lifetime of the lithium-
ion battery cannot be taken into account. However, the 
lifetime of the lithium-ion battery is the most important 
variable in the operation of ESS considering the reliability 
and total lifetime of the entire system. In addition, the 
revenue of the ESS is determined based on the amount of 
battery power. In order to define the lifetime of the lithium-
ion battery using the achievable cycle and DOD, the total 
transferable energy of battery must be calculated. [15]

The total transferable energy during the entire lifetime of 
the lithium-ion battery according to the selected DOD is 
calculated using Eq. (1). Here, D is the selected DOD, and 
Cycle(D) is the achievable cycle at the selected DOD. The 
power that can be used by the battery according to DOD is 
defined as D× Battery power. 

1 cycle is defined as the operation of discharging and 
charging to the amount of selected DOD from the 
maximum SOC. Therefore, the two that describes the 
charging and discharging operation should be multiplied. 
Efficiency refers efficiency of PCS (Power conversion 
system) and this is not taken into account in this paper.

2

  

( ) 2  

Total transferable energy

Cycle D D Battery power efficiency= ´ ´ ´ ´
(1)

Fig. 5 shows the total transferable energy according to 
the selected DOD using the data of Fig.4. In order to 
calculate the total transferrable energy of the battery, the 
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Fig. 3. The power flow of grid-tied ESS

Table 1. The achievable cycle data of unit cell of lithium-
ion battery (ICR18650-22F)

0.5C Charge & Discharge Condition

Temperature
DOD

25 35 45 55

10% 15,000 14,700 14,100 12,750

20% 10,000 9,800 9,400 8,500

50% 6,000 5,880 5,640 5,100

70% 5,000 4,900 4,700 4,250

100% 4,000 3,920 3,760 3,400

Achievable Cycle 

Fig. 4. The ACC of lithium-ion battery corresponding to 
the DOD
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power of the battery was selected as 24kW. As seen in Fig.
5, DOD having the highest value of total transferable 
energy is 100%, and the total transferable energy having 
different values corresponding to the selected DOD. 

Depending on the chemical characteristics and the different
types of battery, the achievable cycle corresponding to 
the selected DOD has different values. Therefore, the DOD 
having the highest value of the total transferable energy 
can differ, depending on the type of lithium-ion battery. 
Therefore, on the basis of the cycle data of the battery to be 
used, the user can select the DOD corresponding to the 
total transferable energy.

The average wear cost refers to the cost per unit of 
battery power calculated by dividing the battery price into 
the total transferable energy calculated by Eq. (2). 

Fig. 6 shows the average wear cost corresponding to 
the ACC and DOD assuming the battery price is 10,000$. 
Therefore, it is important to select the DOD with the 
highest value of total transferable energy and with the 
lowest average wear cost in order to achieve efficient 
battery use.

 Price
Average wear cost= 

  

                         =
( ) 2  

Battery

Total transferable energy

Battery price

Cycle D DOD Battery power´ ´ ´

(2)

4. Proposed Lifetime Estimation Method

In order to estimate the lifetime using the total transferable
energy, a scheduled battery charging and discharging 
operation is needed. Fig. 7 shows an example of the 
scheduled battery operation considering the electricity rates 
with time. The battery power is selected as 24kW. The 
charging is performed for 1 hour by 1 C-rate and the 
discharging is performed for 2 hours at 0.5 C-rates. 

This approach can be the method for making the 
economic profit of ESS user by selecting the charging and 
discharging time corresponding to the electricity rates. 
When the daily battery operation pattern is established, it is 
possible to calculate the battery lifetime by comparing the 
total transferable energy at the selected DOD with the used 
battery power per year. 

Used battery power per year can be given through (3), 
which is the sum of the daily power use of the battery for 
one year. 

365

1

  2  
n

Used battery power N DOD Battery power
=

= ´ ´ ´å (3)

Here, N is the variable by which a user can select the 
number of operations of battery cycle for one day. 

The battery in the ESS performs charging and discharging
corresponding to the DOD selected by the user.

In order to calculate the residual battery lifetime through 
the total transferable energy and the used battery power per 
year, the battery should be operated for the selected DOD. 

When the amount of annual battery power usage is 
determined, it is possible to predict the potential life of the 
battery through the total transferable energy. The residual 
battery lifetime can be calculated annually by (4).

365

1

  
 ( )

  

( ) 2  
                 

2  
n

Total transferable energy
Battery lifetime year

Used battery power

Cycle D DOD Battery power

N DOD Battery power
=

=

´ ´ ´
@

´ ´ ´å

(4)

Fig. 7. Scheduled battery charging, discharging operation 
considering the electricity rates

Total transferable energy

[MW]

Fig. 5. The total transferable energy corresponding to the 
DOD

Fig. 6. Average wear cost corresponding to the DOD
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Fig. 8. Schematic of residual battery lifetime estimation

Therefore, the charging and discharging operation of 
the battery should be performed to the amount of DOD 
selected by the user in order to calculate the total 
transferable energy.

Also, in order to manage the lifetime of the battery, 
scheduled battery charging and discharging control should 
be performed for the selected DOD. Therefore, accurate 
SOC information is required corresponding to the battery 
operation.

5. SOC Estimation

The SOC estimation methods using a battery model have 
been extensively studied in the literature [16-22]. The 
Thevenin model represents the discharge or charge voltage 
of a battery when it is assumed that the open circuit voltage 
(OCV) of the battery has a constant value or linearity. 
Although this method has been widely used, it has 
relatively low accuracy [20]. 

The Shepherd model has been used universally because 
it can reflect the OCV of diverse battery types. However, the 
transient characteristics of the battery cannot be represented 
because the Shepherd model includes only the internal 
resistance of the battery [21, 22].

The SOC estimation method in this paper is combined 
with a Coulomb counting method and battery model. The 
battery model is coupled with the Shepherd model and the 
Thevenin model. Fig. 9 shows the battery model coupled 

with the Shepherd and the Thevenin model.
Battery model can be implemented by a simple electric 

circuit that can describe the actual nonlinear V-I 
characteristics of the battery. Battery terminal voltage can 
be obtained by calculating the battery open circuit voltage. 
Therefore, nonlinear variables of the battery need to be 
assigned. The Shepherd model which represents the 
electrochemical battery can be expressed as

0
( )

0

0

( )
t

BattB I d

OC t

Batt

Q
v t E K A e

Q I d

t

t

- ×ò= - × + ×
- ò

  (5)

o Full i BattE E K R I A= + + × -            (6)

3
,Full Exp

Exp

A E E B
Q

= - =             (7)

( (exp( ) 1)) ( )Full Nom Nom Nom

Nom

E E A B Q Q Q
K

Q

- + - × - × -
= (8)

where vOC(t) is the open circuit voltage, E0 is the battery 
constant voltage, K is the polarization voltage, A is the 
exponential zone amplitude, and B is the exponential zone 
time constant inverse of the battery module. 

The specification of the one cell of the lithium-ion 
battery is described in Table 2.

In the case of connecting the 24-series and 5-parellel of 
the unit cell, EFull is the fully charged voltage of the battery 
module, where two lead-acid battery packs are connected 
in series (=100.8). EExp is the exponential zone voltage of 
the battery module (=98.08V), and ENom is the nominal 
zone voltage of the battery module (=92.5V). Q is the total 
capacity of the battery module, which is 10Ah in order to 
adjust the time scale for the discharge curve. QExp is the 
capacity in the exponential zone of the battery module 
(=1Ah), and QNom is the capacity of the battery module up 
to the nominal zone (=9Ah). Ri is the internal resistance of 
the battery module (=0.005Ω).

The Thevenin battery model with parallel RC circuits is 

iR
TR

TC

battI

+

-
( )tv t

+

-
( )OCv t

0

t

ò
0

( )

0

0

( )
t

battB I d

OC t

batt

Q
v t E K A e

Q I d

t

t

- ×ò= - × + ×
- ò

Fig. 9. Battery model coupled with Shepherd and Thevenin 
model

Table 2. Specification of unit cell of a lithium-ion battery

Item
Battery

type
Battery
capacity

Nominal
voltage

Full
charged
voltage

Internal
resistance

Rating Lithium-ion 2Ah 3.7V 4.2V 0.005W

Fig. 10. OCV measurement test
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added to represent the behavior characteristic corresponding
to the change in the transient load so that this model can 
express the physical properties of the battery.

Finally, for the battery terminal voltage vt (t) is given as 
where RT is the transient resistance and CT is the transient 
capacitance. 

[ ]( ) ( ) ( ) ( / / )t OC batt i T Tv t v t i t R C R= - +    (9)

Fig. 11 and Table 3 shows the OCV of the unit cell of the 
lithium-ion battery used in this paper.

6. Proposed Battery Lifetime Management 

Method

Fig. 12 shows the flow diagram of the proposed battery 
lifetime management. In order to predict the lifetime of the 
battery, the fixed DOD and daily cycle for the battery 
operation need to be assigned. As the DOD is selected, the 
total transferable energy is calculated using the selected 
DOD and the number of achievable cycles corresponding 
to the selected DOD. 

The daily battery power usage can be calculated 
according to the daily battery cycle. Through the above 
process, the battery lifetime is estimated by comparing 
the total transferable energy and the daily power usage of 
the battery using Eq. (4).

If the estimated lifetime differs from the lifetime desired 
by that user of ESS, the DOD or daily cycle selection 
should be re-established. In addition, if the DOD and the 

daily cycle of the battery are established, scheduled battery 
operation time performing the battery charging and 
discharging should be selected.

The charging and discharging time of the battery can be 
set in consideration of the user’s requirements, such as 
electricity rates or load pattern, etc. The taking time for 
charging and discharging is varied depending on the C-rate.

Therefore, C-rate should be selected depending on the 
scheduled battery operation time. After determining the 
above condition, the battery operates in the selected battery 
operation time.

In order to apply the proposed method, DOD of battery 
should be controlled accurately. Therefore, the OCV 
calculation corresponding to the battery operation should 
be performed. At the battery operating time, the battery is 
charged first, charging to the maximum SOC, and the 
battery charging current is calculated by coulomb counting. 
Thereafter, SOC is obtained corresponding to the OCV 
calculation. 

After battery charging, because of the daily use of 
battery power is smaller than the user’s setting, the 
discharging operation of battery should be performed. The 
battery is discharged at discharging operation time, and the 
battery should not be operated when the SOC of the battery 
is reached at the selected DOD. Thereafter, the amount of 
daily power usage of the battery has the same value that in 
the user’s setting, and it should be operated up to the 
operation time of the next day.

Table 3. OCV corresponding to the SOC

SOC OCV

100 4.2

90 4.087

80 4.053

70 4.013

60 3.99

50 3.98

40 3.945

30 3.88

20 3.83

10 3.77

0 3.47

3.473V

3.778V

3.831V

3.886V

3.945V

3.98V
3.999V

4.013V

4.053V
4.087V

4.2V

Fig. 11. OCV measurement corresponding to the SOC

Lifetime Management

DOD and daily cycle selection of 
Battery

Stop

OCV Calculation

SOC Calculation

No

No Yes

Coulomb Counting

Predicted Lifetime
=Selected Lifetime

No

Battery Lifetime Calculation

Battery operating time

0
( )

0

0

( )
t

BattB I d

OC t

Batt

Q
v t E K A e

Q I d

t

t

- ×ò= - × + ×
- ò

0

t

Batti I dt= ò

Yes

Daily Battery Power 

2  power

used

N DOD Battery= ´ ´ ´

Fig. 12. Flow diagram of proposed lifetime management
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7. Simulation Results

Fig. 13 shows the waveforms applying the proposed 
method and battery the model of grid-tied ESS at a DOD 
of 50%. The waveforms describe the 1 cycle per day 
operation using the proposed lifetime management method 
over 2 days. It is assumed that the battery module is 
composed of a 24-series, 5-parallel connection of the unit 
cell of lithium-ion battery in Table 2.

In order to describe 1 cycle of charging and discharging 
per day operation, 1 hour is mathematically expressed as 
0.3 seconds. At day 1, the battery is first charged at a 0.5 
C-rate, accordingly, and the battery SOC and the amount 
of battery power used are calculated. After the charging 
operation, and up to when the SOC reaches 100%, the 
battery is discharged to DOD 50%. Because of the lifetime 
estimation considering the ACC and DOD, the DOD 
should be controlled to be constantly 50%. The amount of 
daily power used calculated at DOD 50% is 1kW. 

It was confirmed that this simulation value matches the 
calculated value. At day 2, it is operated within the DOD 
50%. Therefore, lifetime management is possible using the 

proposed method.
The potential revenues and lifetime of the lithium-ion 

battery of ESS can, therefore, be estimated with the 
information between the DOD and ACC. Figs. 14 and 15 
show the electricity rates, temperature, and charging and 
discharging patterns at DOD 80% of the Illinois (USA) 
and Korea seasons. Electricity rates that are used in the 
simulation are based on the Illinois, ‘Residential Real-Time 
Pricing (RRTP) program, which is sourced from the Exelon 
that supplies 80% of the total power of the United States 
and from the Korea Electric Power Corporation (KEPCO). 

The selected DOD is 80% and the selected battery power 
is 24kW. Also, C-rate was fixed at 0.5 for the stable 
charging and discharging operation of the battery. In 
addition, the charging and discharging patterns optimized 
for the electricity rates of each season were applied to 
achieve efficient energy use for the user and 1 cycle per 
day of charging and discharging was performed at the 
selected DOD of 80%. 

Based on the hourly electricity rates of each nation, the 
user can obtain maximum revenue by charging the battery 
at the minimum electricity rates hours and discharging it 
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maximum electricity rates hours, respectively. Also, during 
some hours, temperature falls below –20°C in the winter, 
charging and discharging were not performed during such 
hours. 

Examining the electricity rates for the summer and 
winter seasons of USA, greater differences are shown in 
the electricity rates per hour than for the spring and fall 
seasons. This means that daily revenue from the operation 
of ESS increase in the summer and winter. The cycle and 
total transferable energy calculation results are given in 
Fig. 4 and Fig. 5, respectively. The achievable cycle and 
total transferrable energy at DOD 80% are approximately 
5000 and 192MW in both nations. The daily battery 
power per day is the same: 40kW, because of the same 
DOD operation. Therefore, the annual battery power 
consumption is calculated as 14.6MW and the estimated 
potential lifetime of the lithium-ion battery is 13.6 years at 
this condition. 

For the potential revenue analysis, if the efficiency of 
PCS of ESS system is ideal that means the system 
efficiency is 100%, the electricity rates for battery charging 
/ discharging are both calculated simply as seen in Eq. (10).

    

  

Electricity rates for battery operation

D Battery power Electricity rates= ´ ´
      (10)

Indeed, the efficiency of the PCS results in a change in 
potential revenue analysis. At considering the system 
efficiency of PCS, the electricity rates for battery charging 
operation can be expressed as (11), where h  is the 
efficiency of the PCS.

    arg

  

    (1 )

  (2 )

Electricity rates for battery ch ing

D Battery power Electricity rates

D Battery power Electricity rates

D Battery power Electricity rates

h

h

= ´ ´

+ ´ ´ -

= ´ ´ -

(11)

As the same way, the electricity rates for battery 
discharging operation can be calculated by the (12).

    arg

  

  -   (1 )

  

Electricity rates for battery disch ing

D Battery power Electricity rates

D Battery power Electricity rates

D Battery power Electricity rates

h

h

= ´ ´

´ ´ -

= ´ ´ ´

(12)

Potential revenue prediction is varied depending on the 
efficiency of the PCS of the ESS system used by the user. 
Therefore, establishing a high-efficiency ESS system is 
very important for high profits to user. In this paper, for 
prediction of the potential revenue of the Illinois and Korea, 
it is assumed that the efficiency of the PCS is ideal.  

As a result, the daily revenues of $0.586, $3.494, $0.499 
and $3.052 were obtained in the spring, summer, fall, and 
winter in Illinois, respectively. In addition, the daily 
revenues of $2.371, $2.371, $0.879 and $2.371 were 

obtained in the spring, summer, fall, and winter in Korea 
respectively. With this method, the annual revenue is 
calculated to be $695 and $729 in Illinois and Korea, 
respectively. Therefore, the potential total revenue during 
the entire lifetime of a lithium-ion battery for each nation 
can be predicted to be $8,887 and $9,330, respectively at 
this condition. The predicted total revenue and lifetime of 
ESS using the proposed method are changed corresponding 
to the selected DOD and the daily cycle as well as the 
various types of the lithium-ion battery. Therefore, the user 
can estimate the various results corresponding to the above 
variables. 

Figs. 16 and 17 show the revenue prediction of each 
season and 1 year corresponding to the different DODs of 
Illinois and Korea, from the above electricity rates 
condition of Figs. 14 and 15. According to the different 
selected DODs, the natural, seasonal and annual revenue 
significantly increase corresponding to the increasing DOD. 

Considering the inversely proportional relation of the 
estimated total lifetime and DOD, the total revenue 
calculation during the entire lifetime of the battery should 
be performed considering the entire area of DOD. 

Fig. 18 shows the total revenue and entire lifetime 

Fig. 16. Revenue prediction of seasonal and 1 year 
corresponding to the DOD in Illinois

Fig. 17. Revenue prediction of seasonal and 1 year 
corresponding to the DOD in Korea
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prediction of Illinois and Korea. Total revenue is calculated 
by multiplying the annual revenue and lifetime with the 
selected DOD. The total revenue seems to decrease in 
accordance with the decreasing DOD, but the total revenue 
of DOD 40% has the higher value than to the 50%.

8. Conclusion

In this paper, the battery lifetime management method of 
the lithium-ion battery for energy storage system is 
proposed. Generally, the ACC is increased corresponding 
to the decreasing DOD. The lifetime of the lithium-ion 
battery and the total transferrable energy can be estimated 
based on DOD. The operations of the ESS and the lifetime 
management of selected DOD are given. 

The total revenues are predicted over the lifetime of 
using a battery of ESS through proposed method. Therefore, 
depending on the proper selection of lithium-ion battery 
and DOD, the user can select the desired lifetime and 
profitability of the system.
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