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I. Factors Affecting Supercapacitor Life

● 1.1 Supercapacitor Electrode Materials The structural stability, specific surface area, and bonding
strength of the electrode materials are the intrinsic factors determining the shedding of active
materials and structural fatigue during the cycling process, directly affecting the long-term cyclic
reliability of the capacitor.

● 1.2 Electrolyte The chemical stability, temperature and voltage resistance, and ion conduction
characteristics of the electrolyte determine its decomposition rate under high-temperature and
high-pressure conditions, which are the core causes of calendar aging and cycle aging.

● 1.3 Temperature Temperature is the core accelerating factor for supercapacitor aging, following the
Arrhenius aging law; the higher the operating temperature, the exponentially the decomposition of
the electrolyte and the aging rate of the electrode increase.

● 1.4 Operating Voltage The closer the operating voltage is to the rated upper limit, the more intense
the side reactions at the interface between the electrode and the electrolyte, the faster the oxidative
decomposition of the electrolyte, and the supercapacitor's life is shortened by multiples.

● 1.5 Charge and Discharge Rate High-rate charging and discharging will generate significant Joule
heat and electrode polarization, exacerbate ion transmission loss and active material fatigue,
substantially increase the cycle aging rate, and shorten the service life.

II.Supercapacitor Life Estimation Model
In the field of energy storage, supercapacitors have attracted much attention due to their high power
density and fast charging capabilities. However, their service life is a key factor affecting their widespread
application. This paper will introduce a supercapacitor life estimation model and elaborate on its principles
and applications.

The supercapacitor life estimation model proposed in this paper is based on experimental data and
mathematical modeling methods. First, we conducted a series of experiments, including charge and
discharge tests at different charge/discharge rates, temperatures, and cycle numbers. Then, we analyzed
and processed the experimental data, extracted key parameters, and established the supercapacitor life
estimation model.

This model considers the following factors:

1.Charge and discharge rate: The charge and discharge rate has a significant impact on the service
life of supercapacitors. Experimental results show that the faster the charge and discharge rate, the
shorter the service life of the supercapacitor. This is because, at high charge and discharge rates,
the diffusion speed of electrolyte ions accelerates, leading to aggravated electrolyte decomposition
and loss of electrode active materials.

2.Temperature: Temperature also has an important impact on the service life of supercapacitors.
Experimental results show that the higher the temperature, the shorter the service life of the
supercapacitor. This is because at high temperatures, the decomposition speed of the electrolyte
accelerates, and the loss of electrode active materials is also aggravated.

3.Cycle number: The number of cycles is an important indicator for measuring the service life of a
supercapacitor. Experimental results show that as the number of cycles increases, the service life
of the supercapacitor gradually shortens. This is because during the cycling process, electrolyte
ions continuously diffuse and intercalate, leading to electrolyte decomposition and loss of electrode
active materials.
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The life of supercapacitors is affected by operating voltage and operating temperature, conforming to the
following equation:
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L : Refers to the theoretical life at the operating temperature;
L0 : Refers to the working life at the maximum operating temperature;
T : Refers to the actual operating temperature;
T0 : Refers to the maximum rated operating temperature;
V : Refers to the actual operating voltage;
V0 : Refers to the maximum rated operating voltage.

III.Impact of Series Modules (2-Series / 3-Series / 4-Series to

Multi-Series) on Lifespan
2-series, 3-series, 4-series to multi-series supercapacitor series modules will significantly change the
individual cell aging rate, greatly affecting the overall life of the module. The more series connections, the
higher the risk of life attenuation; the core impacts are as follows:

1.Voltage Imbalance (Core Impact) There is natural discreteness in capacity, ESR, and leakage
current among individual cells, leading to uneven voltage division after series connection, with
some cells operating under over-rated voltage for a long time. According to the life model, for every
0.1V overvoltage, the life is reduced to 1/1.52, causing overvoltage cells to age rapidly, forming a
"wooden barrel effect," directly leading to the premature failure of the module.

2.Uneven Temperature Field Distribution 3-series, 4-series to multi-series modules have larger
volumes and longer heat dissipation paths, prone to local hot spots. For every 10°C increase in
temperature, the life is reduced to 1/3.25, and the aging rate of hot spot cells is much higher than
that of other cells, accelerating the end of the module's overall life.

3.Failure of Charge and Discharge Synchronization Cells with weak parameters are fully charged
first and fully discharged first, forced to withstand overcharge and overdischarge stresses; the
depletion rate of electrodes and electrolytes doubles, and the aging speed is much faster than that
of independent cells.

4.Stress Superposition Effect The more series connections, the more obvious the stress
superposition brought by electrical connections and mechanical vibrations, accelerating the aging
of seals and structural damage to electrodes, further shortening the module life.

IV.Precautions for the Use of Series Modules (2-Series / 3-Series

/ 4-Series to Multi-Series)
1.Configure Voltage Equalization Solutions 2-series, 3-series, and 4-series modules can use

passive equalization; 3-series, 4-series, or multi-series modules can use active equalization
according to different operating conditions to ensure that the individual voltage difference is ≤ 0.02V,
eliminating the risk of overvoltage from the root.
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2.Strict Screening and Pairing of Individual Cells Individual cells within the same module must meet:
capacity deviation ≤ ±3%, ESR deviation ≤ ±5%, and leakage current deviation ≤ ±10%, to reduce
consistency differences.

3.Derated Use of Module Voltage The overall operating voltage of the module should be derated by
5% to 10% from the rated value to reserve a voltage safety margin and avoid instantaneous
overvoltage of individual cells.

4.Ensure Uniform Heat Dissipation and Rate Limitation Optimize the temperature field design to
avoid local high temperatures; keep the charge and discharge rate at ≤ 1C to reduce Joule heat and
polarization loss.

5.Regular Parameter Inspection Detect individual cell voltage, capacity, and ESR every 3 to 6
months, and replace abnormal cells in a timely manner to block the expansion of the short-board
effect.

V. Statement on the Universality of Life Estimation for Series

Modules
Core Conclusion For 2-series / 3-series / 4-series to multi-series modules, the direct universal
calculation of the original individual cell life estimation model is not applicable. The original model can only
be used as a basic calibration benchmark and cannot be directly substituted with the module's average
parameters for life evaluation.

Core Reasons for Non-Universality

1.Mismatched Model Premise Assumptions The original individual cell estimation model is built on
ideal conditions of constant voltage, uniform temperature, and no parameter discreteness; series
modules experience uneven voltage division, temperature field differences, and individual cell
discreteness, completely breaking the foundational assumptions of the model.

2.Different Life Determination Logic Individual cell life ends with its own performance attenuation;
series module life ends with the attenuation of the worst cell within the module. The original model
does not include the wooden barrel effect and cannot calculate the overall failure time of the module.

3.Conflicting Parameter Substitution Rules In the original model, $V$ is the actual operating voltage
of the individual cell, not the total / average voltage of the module. After series connection,
individual cell voltages are discrete, and there is no unified value that can be directly substituted;
direct calculation will produce massive deviations.

Rules for Module Calibration and Use Under the premises of effective voltage equalization, qualified
cell pairing, and a uniform temperature field, the highest individual cell voltage and highest operating
temperature within the module can be extracted and substituted into the original model to calculate the
theoretical life of the worst cell, serving as a reference upper limit for the module's life. At this point, the
original model is merely a calibration tool and does not possess direct universal application conditions.
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VI.Application Example
First, based on the technical parameters and actual application scenarios of the supercapacitor, set
conditions such as different voltages, temperatures, and cycle durations. Then, use this model to fit the
conditions to obtain corresponding model parameters. Finally, use this model to estimate the service life
of the supercapacitor. Please note that the life estimation results inferred by this model are all theoretical
reference values, derived from laboratory standard conditions and mathematical models, and do not
represent the actual service life in a real working environment.
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VII.Conclusion
This paper proposes a supercapacitor life estimation model based on experimental data and
mathematical modeling, which considers the impacts of charge/discharge rate, temperature, cycle
number, and operating voltage on lifespan. Verified by experiments, this model has high precision and
strong practicality, providing an important reference for the design and application of supercapacitors.

2-series, 3-series, 4-series to multi-series modules will have their lifespans affected by uneven voltage,
temperature field differences, and parameter discreteness. Measures such as voltage equalization,
pairing, and derating are required to guarantee lifespan; the original individual cell life estimation model
cannot be directly universally applied and must undergo consistency calibration before serving as a
reference benchmark.

VIII.Future Outlook
Although we have established a relatively accurate supercapacitor life estimation model, there are still
some challenges and areas for improvement in practical applications. For example, our model is mainly
based on experimental data, and for new supercapacitor materials or manufacturing processes,
re-experimentation and validation may be needed. In addition, the model assumes that all
supercapacitors have the same charge/discharge rate, temperature, and cycle numbers, whereas these
conditions often change dynamically during actual use. Therefore, during actual use, one should refer to
the supercapacitor instruction manual or consult Zhi Feng Wei (CDA) for precise guidance.

In addition to this, the model can be further optimized through the following methods:

1.Add more experimental data from various working conditions to improve the model's prediction
accuracy and generalization ability;

2. Introduce more influencing factors such as electrode materials, electrolyte types, and series
consistency to enhance the comprehensiveness of the model;

3.Establish complex mathematical models such as neural networks and support vector machines to
improve predictive capabilities under dynamic conditions.

In summary, as an important energy storage device, the life estimation of supercapacitors is of great
significance for practical applications. We will continue to research and optimize, creating more precise,
reliable, and practical life estimation models to assist in the development of energy storage technologies.

IX.Important Declarations
1.All life estimation results in this document are theoretical reference values, derived from laboratory

standard conditions and mathematical models, and do not represent the actual service life in a real
working environment.

2.Actual life is affected by multiple variables such as temperature fluctuations, voltage disturbances,
charge and discharge strategies, mechanical stress, maintenance levels, series-parallel
configurations, and usage environments; it is normal for deviations from the estimated values to
exist.

3.For shortened lifespans caused by non-compliant operations such as failing to configure voltage
equalization as required for series modules, lack of screening/pairing, or over-temperature /
over-voltage / over-current usage, the related responsibilities shall be borne by the user.

This estimation is merely intended as a reference for engineering selection and does not constitute a
product quality commitment, basis for warranty, or the sole standard for operation and maintenance.
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