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Abstract 
This study presents experimental characterisation and thermal modelling of a lithium phosphate 
battery using a programmable bidirectional AC power supply for DC emulation. Experimental tests 
at ambient temperatures of 15 °C, 20 °C, and 25 °C revealed that the open-circuit voltage increases 
with the state of charge and is higher at elevated temperatures, indicating enhanced electrochemical 
activity. During charge-discharge cycles at a 0.5 C, temperature peaks reached 29.1 °C in charging 
and 30.6 °C in discharging. Additionally, a hybrid pulse power test showed initial heat generation 
peaking at around 25 W, tapering to an average of 11.22 W which is 3.1 % of cell’s total power (365 
W). Finally, we developed a numerical model of the thermal behaviour during battery operation that 
demonstrated good alignment with experimental results, reinforcing the critical need for robust 
thermal management to optimise battery safety and performance under varying conditions. 

Introduction 

Effective thermal management is essential for maintaining the performance, lifespan, and safety of 
lithium-ion batteries (LIBs) (Akbarzadeh, Kalogiannis et al. 2020), particularly in stationary energy 
storage applications. Lithium iron phosphate (LiFePO₄) cells generate heat during charge-discharge 
cycles due to resistive losses and exothermic electrochemical reactions (Al-Zareer, Dincer et al. 
2019). If unmanaged, localised temperature rise beyond 80 °C can trigger thermal runaway, gas 
venting, or cell rupture (García, Monsalve-Serrano et al. 2022). Optimal operation is constrained to 
20-40 °C (Lu, Zhang et al. 2020), yet real-world systems often experience non-uniform and transient 
heating, particularly under high current loads. Despite the importance of thermal management, 
research on the thermal characterisation of stationary battery energy storage systems under 
operational loads remains limited. This study addresses this gap by characterising a lithium 
phosphate (LP) single cell battery. Table 1 shows the specifications of a single battery cell. Through 
experimental analysis, it will examine key electrical parameters and thermal behaviour, providing 
insights for developing effective thermal management systems. 

Table 1 Specifications of single battery cell 

 

Experimental methodology 

This experimental setup uses a Keysight SL1201A-SDC bidirectional AC power supply to emulate 
DC charge-discharge cycles for thermal characterisation of a LP cell and subsequent numerical 
model development. Figure 1a illustrates the system wiring, including the power unit, battery, and 
control hardware. In the diagram a Bourns PF-FB2 75 A fuse provides overcurrent protection. The 
Gigavac GV241BAC relay, controlled by a 12 V DC supply and an on/off switch, manages the main 
power flow, connecting the battery to the power unit. An LED with a resistor provides status indication 
when the relay is active. The control system, housed in an explosion-proof enclosure, integrates an 
National Instruments (NI) data acquisition module and LabVIEW interface for real-time monitoring 
and data logging. If any temperature exceeds safe limits, the control box shuts off the current flow to 
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prevent damage. This power supply functions as a regenerative ±500 V, ±180 A, 40 kW DC source. 
The study measured the open-circuit voltage (OCV) and heat generation power of the cell. A hybrid 
pulse power test (HPPT) was used, with K-type thermocouples (TC) recording data. Voltage and 
current were captured by a remote computer controller. Figure 1b shows the positions of the TCs 
ranging from TC1 – TC5 on the battery surface. Additional TCs (TC6 & TC7) record enclosure 
temperature and ambient temperature. 

 
Figure 1. Experimental setup of battery testing 

OCV measurement is conducted by charging and discharging the battery at an ambient temperature 
of 15, 20, 25 oC at state of charge (SOC) intervals of 10 %. Average OCV of charge and discharge 
is considered as the battery’s OCV. The battery is both charged and discharged at a 0.2 C (20 A) to 
reduce voltage drop and heat generation. During charging, the battery was charged at constant 
current until it reached 3.65 V, then held at constant voltage of 3.65 V until the current declined to 
0.05 C. During discharging, the current was applied until the cell reached the cut-off voltage of 2.50 V. 
Subsequent to each procedural step, the battery was rested for two hours to attain electrochemical 
equilibrium, after which the terminal voltage was measured and recorded. 

Results 

OCV Measurement 

Figure 2 illustrates the relationship between OCV and SOC for a battery at temperatures of 15 °C, 
20 °C, and 25 °C. It shows that OCV increases with SOC. At higher temperatures, the OCV is 
generally greater for the same SOC, indicating enhanced electrochemical activity. The temperature-
dependent behaviour is critical for optimising battery performance under different environmental 
conditions, highlighting the importance of temperature management in battery applications. 

 
Figure 2. OCV measurement for different ambient temperatures 

 

b. Positions of thermocouples  a. Wiring diagram of system 

T6 - Enclosure temperature 
T7 - Ambient temperature 
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Temperature distribution during operation 
To understand the temperature distribution during operation, the battery was charged and 
discharged at a rate of 0.5 C. The temperature profiles for both the full charge (Figure 3a) and 
discharge (Figure 3b) cycles of a LP battery at a 0.5 C rate exhibit similar thermal behaviour. Initially, 
the temperature rises due to resistive heating and reaction dynamics within the cell. As the process 
continues, a dip in temperature is observed mid-cycle, indicating a period of thermal stabilisation. 
Towards the end of each cycle, the temperature increases once more, approaching its peak at full 
charge during charging and near depletion during discharging, due to increased resistance. The 
peak temperatures reach 29.1 °C during charging and 30.6 °C during discharging, with temperature 
differences of 1.1 °C and 1.3 °C, respectively, across TC positions. Average ambient temperature 
remains stable at 21.1 °C. This consistent thermal behaviour underscores the importance of effective 
thermal management to optimise battery safety and performance. 

 
Figure 3. Temperature distribution during charging (a) and discharging (b) 

Heat generation rate 
To evaluate heat generation, a HPPT was conducted at 50 % SOC. The test involved cyclic charging 
and discharging at 100 A for 10 seconds each, with 10-second rests between cycles. This sequence 
was repeated until reaching a steady-state temperature. 

 Figure 4. Heat generation rate from HPPT 
The temperature profile of the LP battery reveals its thermal behaviour during operation. The surface 
temperature (Ts) steadily increased, peaking at approximately 27 °C, due to heat generated during 
operation. During the experiment, the average ambient temperature was 21 °C, providing a baseline 
for understanding the battery's thermal dynamics. Ts is calculated as the average temperature from 
TCs 1, 2, 3, 4, and 5 (Equation 1). This rise in Ts indicates the need for robust thermal management 

b. Temp. Vs time (full discharge @0.5) 
  

a. Temp. Vs time (full charge @ 0.5 C) 
 

a. Heat generation rate 

Charging cycle 

Discharging 
cycle 
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to ensure safety and efficiency by mitigating the risk of overheating, underscoring the reliability and 
operational resilience of LP batteries.  

Surface temperature, 𝑇𝑇𝑠𝑠 =  1
5
∑ 𝑇𝑇𝑠𝑠𝑠𝑠5
𝑖𝑖=1       (1) 

Figure 4a highlights the heat generation behaviour of a LP battery during operation using (V-VOCV(SOC, 

T))*I, where V is voltage and I is current, Vocv is the open-circuit voltage. The primary graph shows 
heat generation over time, with values tapering from an initial peak of ~25 W to an average of about 
11.22 W. The inset graph provides a closer view of heat generation fluctuations over 6000 to 6200 
s, revealing that higher heat is generated during the charging cycles compared to discharging cycles, 
consistent with elevated charge overpotentials and SOC‑dependent impedance that increase ohmic 
and parasitic‑reaction heat. By contrast, in full charge-discharge cycles, discharging was marginally 
hotter, which aligns with SOC‑dependent impedance and slightly more exothermic kinetics at lower 
SOC. The average heat generation indicates that 3.1 % of the battery's total power capacity of 365 
W is utilised for heat production. This insight underscores the necessity for efficient thermal 
management systems to handle increased heat during charging, maintaining battery performance 
and safety. 
 
Thermal modelling of battery operation 
A Simulink model was developed to evaluate battery thermal behaviour, integrating experimentally 
derived parameters, as shown in Figure 5a. Key parameters include a nominal voltage of 3.34 V, a 
capacity of 100 Ah, and a discharge current of 50 A, with an internal resistance of 0.00039 ohms. 
The model also incorporates variables such as the initial SOC at 100 %, and thermal properties like 
the thermal resistance of 0.543 K/W (from Energy Renaissance). The experiments showed that 
battery's thermal time constant is 1912 s, highlighting the importance of thermal management. These 
inputs enabled realistic simulation of transient thermal responses. Simulated cell temperature closely 
matched experimental measurements, validating the model’s predictive capability, Figure 5b. A small 
difference is observed - for example, the simulation shows slightly higher temperatures near the end 
of discharge because the model assumes constant properties while the real cell’s resistance, 
reversible heat, and heat flow change with temperature and state of charge. This can be reduced by 
using temperature/SOC‑dependent resistance, adding the reversible heat term, and refining the 
thermal model to include sensor lag and non‑uniform heat paths. 

 
Figure 5. Thermal modelling of battery operation 

Conclusion 
This study characterises electrical properties such as OCV and thermal behaviour, including 
temperature distribution and heat generation, of a LP battery, using an experimental setup that 
includes a custom-developed control box. The findings, illustrate that the OCV increases with SOC 
and that increasing temperature increased the OCV, suggesting enhanced electrochemical activity. 

a. Simulink Discharge model  b. Comparison of experimental and simulation results 
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The analysis indicates that heat generation utilizes 3.1% of the battery's total capacity of 365 W. The 
developed model accurately simulates battery thermal behaviour and aligns well with experimental 
results, highlighting the importance of advanced thermal management for maintaining battery 
performance and safety. 
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