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Abstract
Energy Storage System is increasing to grid system and ESS accidents are also increased.

So, it need to analyze safety standard in ESS system. To find safety element of ESS system,
this paper analyze lithium-ion battery internal resistance. Experiments are studied from
18650 battery and pouch type battery internal resistance with correlation of temperature.
The experiment result show that temperature is increased and internal resistance of battery
is decreased both 18650 battery and pouch type battery. This means that temperature is
great effect of internal resistance. This paper installed temperature sensor in operating ESS
site and monitoring data for 20 days. Experiment result is showed that variation of
temperature is large between top position and bottom position. So, It needs to control
temperature in energy storage system and maintain stable environment. This paper analyze
correlation between internal resistance and temperature and it is important to control stable
temperature. Future studies will analyze various environment element which effect to
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1. Introduction

The supply of Energy Storage Systems (ESS) is
increasing in terms of stabilization and demand
management of the power system[1]. Most of the
storage systems in the ESS consist of lithium-ion
batteries. Lithium-ion batteries can store large
amounts of electric energy in small capacity[2],
but there are difficult to digest in case of fire.
Battery Management System (BMS) monitor
battery statement like cell or rack voltage,
temperature, and BMS provide battery
information and provide reliable operation[3]. The
condition of battery is provided by the BMS as
State of Charge(SOC) and State of Health(SOH).
But, this factors(SOC, SOH) are different from
manufactures, it is difficult to define indicator of
battery safety. Several methods proposed for
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estimating SOC and Coulomb counting method
measure the current constantly and count the
Coulomb charge/discharge in order to estimate
SOCI[4,5]. Some researches use the internal
resistance R for the estimation for the SOH[6-8].
So, the internal resistance can evaluate lithium-ion
battery’s safety condition. Electrochemical
impedance spectroscopy(EIS) can measure and
calculate of internal resistance of batteries[9]
which is difficult to estimate Energy Storage
System because of high equipment cost. Other
method for determining battery’s internal
resistance are DC internal  resistance
measurements. In this paper, we present internal
resistance of lithium 1ion battery based on
temperature. This work is useful for studying the
Energy Storage System safety evaluation. Firstly,
the internal resistance of 18650 batteries measure
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with temperature. Then variation trends of the
internal resistance of batteries with temperature
changes were analyzed. Finally, the deviation of
internal resistance between same batteries was
measured and presented to calibrate internal
resistance considering temperature.

2. Internal Resistance Measurement

Energy Storage System batteries are several
different equivalent models because of the
complexity of the internal battery resistance[10].
Equivalent circuit of battery is presented [Figure 1]
and equation (1) ~ (3).

Figure 1. Equivalent circuit of battery
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The internal resistance of battery consist of ohmic
resistance R_ and polarization resistance Rj,
Ro, ...

DC method is measured to voltage drop through
rapid load change. Because DC voltage and
current have no frequency, capacity of internal

battery Ci, C».... can’t flow DC current and zero

value. Therefore, the results of internal resistance
of batteries are presented by equation (4)
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Rpe =R, + R, +R,+ -~ 4)

AC method send specified amplitude and
frequency signal to battery. Electrochemical
Impedance Spectroscopy(EIS) is the method of
measuring the internal resistance value to signals
of various frequency. Thus basic test of AC
method frequency is 1kHz. In case of capacity C1,
C2, ... is very low AC impedance values in 1kHz
frequency. So, the internal resistance value will be
closed to Ry in equation (5)

Roc—1xnz = R (5)

DC method provide valuable measurement for DC
system such as high capacity facility (heating or
light load), while AC method with 1kHz is more
exactly measurement for digital load such as
computer or mobile phone that rely on capacitive
characteristics of a battery. So, this paper used AC
method with 1kHz for measuring energy storage
system internal resistance.

» 18650 Battery Type

This paper tested 18650 batteries internal
resistance and temperature. The dimensions of
batteries used in experiment are as follows Table 1.

Table 1. 18650 batteries used for the experimentation

Capacity (kwh) | 125 | System Voltage(V) | 750

Num of Module 32 Num of Rack 4

SOC(%) 53 SOH(%) 100

18650 batteries are consisted in 4 Rack and each
Rack has 8 modules. Battery Capacity is 125kWh
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and System voltage is 750V. State of Charge is
53% and State of Health is 100%.
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Figure 2. Variation of 18650 internal resistance
according to temperature

Figure 2 shows the variations of relationship
graph between 18650 internal resistance and
temperature. There is Rack internal resistance that
sum of each module. The temperature at the
measurement site was 10°C to 20°C. The values
of internal resistance show decreased pattern
between low temperature and high temperature.
Therefore, variation of temperature effects to
internal resistance of battery. Each rack internal
resistance was different, and it means that the
internal resistance of battery is not same for same
product.

« Pouch Battery Type

This paper tested pouch type batteries internal
resistance and temperature. The dimensions of

batteries used in experiment are as follows Table 2.

Table 2. Pouch type batteries used for the
experimentation
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Capacity (kwh) | 1000 | System \Voltage(V) | 850

Num of Module 104 Num of Rack 13

SOC(%) 30 SOH(%) 03

Pouch type batteries are consisted in 13 Rack and
each Rack has 8 modules. Battery Capacity is
1,000kWh and System voltage is 850V. State of
Charge is 30% and State of Health is 98%.
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Figure 3. Variation of pouch type battery
internal resistance according to temperature

Figure 3 shows the variations of relationship
graph between pouch type battery internal
resistance and temperature. The temperature at the
measurement site was 23.6°C to 25.8°C. The
value of battery internal resistance is decreased
between low temperature and high temperature.
There shows same pattern of 18650 battery.

3. Result and Discussion

The internal resistance of the battery is closely
related to temperature, according to the above
experiment. In particular, lower temperature can
affect battery capacity because of the internal
resistance is increasing. The manufacturer
recommend the temperature of battery room
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which is between 18°C to 28°C. This paper
installed temperature sensor to monitoring battery
room temperature in Energy Storage System
connected photovoltaic system. The sensors of
location are shown Figure 4.

Temperature Sensor (Top)

Figure 4. The Temperature sensors location

Temperature sensors installed at the top and
bottom of batteries and measured for 20 days.
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Figure 5. Result of Battery Room Temperature
at the top and bottom

The experiment of battery room temperature
shows a large deviation in temperature between
top and bottom in Figure 5. In particularly, the
temperature at the top was high and temperature at
the bottom was low. The maximum and minimum
temperatures for each position are shown in the
following Table 3.

Table 3. Maximum and Minimum Temperature
for each position
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Position Max Min Dev
Temp(°C) | Temp(°C) | Temp(°C)
Top-Left 33.1 13.1 20
Top-Mid 35.1 12.1 23
Top-Right 31.3 14.1 17.2
Bottom-Left 24.7 16.6 8.1
Bottom-Mid 29.4 14.8 14.6
Bottom-Right 25 17.2 7.8
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Each position of max temperature and min
temperature has exceeded the manufacturer’s
recommended criteria. Maximum temperature
position is Top-Mid and value is 35.1°C.
Minimum temperature position is Top-Mid and
value is 12.1°C. Max deviation temperature value
is 23°C and Min deviation temperature value is
7.8°C. The large temperature deviation has a great
effect on the internal resistance of the battery and
it can be occurred fire accident with battery
deterioration. The experiment site is equipped
with an air conditioner that can only be cooling.
So, Cooling system can’t control low temperature
situation.

4. Conclusion

This paper analyzed correlation between lithium-
ion battery internal resistance and temperature.
The experiment result is show that temperature
increased, the internal resistance decreased both
18650 battery and pouch type battery. So, This
experiment result means that internal resistance is
effected by temperature. It is important to
maintain constant environment in battery room.
The temperature of the battery room in ESS site
currently in operation was not being controlled.
The battery room temperature was controlled by
air cooling conditioner. This system can control
high temperature status, but can’t control low
temperature. Therefore, deviation of temperature
occurred large and this is too hazard to batteries.
So, To maintain stable batteries, It need to control
system of environment in Energy Storage System.
Experimental results will provide that improved
decision of maintain ESS system and better
prediction safety system on operators.
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