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Abstract

The paralytic form of business activities that mostly depended on battery for their daily routine business were caused by these
factors low energy storage capability, slow charge rate, limited discharge capability, high internal resistance, excessive voltage sag,
thermal instability, short operational lifespan, rapid aging, poor power handling, inefficient energy conversion, over-dependence
on battery, load fluctuation stress, poor response to transients, ineffective energy management and high self-discharge. This was
overcoming by introducing improving battery technology using ANN based ultracapacitor. To perfectly achieve this, it was done
in this manner, battery technology was characterized and the causes of poor battery technology was established, conventional
SIMULINK model for battery technology was designed and ANN was trained in the Causes of Poor Battery Technology
Performance for an effective performance. Then, SIMULINK model for ultracapacitor was designed, SIMULINK model for
improving battery technology using ANN based ultracapacitor was equally designed and the results obtained were validated and
justified. The results obtained were the conventional Low energy storage capability that causes poor battery technology
performance was28 J-kg™ x103. On the other hand, when an ANN based ultracapacitor was integrated into the system, it
simultaneously improved t033.8 J-kg™ x10% and the conventional Load fluctuation stress that causes poor battery technology
performance was17A. Meanwhile, when an ANN based ultracapacitor was imbibed into the system, it instantly reduced to15A.
Finally, with these results obtained, it meant that the percentage improvement in battery technology when ANN based ultracapacitor
was incorporated into the system was11.8%.
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1. Introduction

The rapid growth in renewable energy systems, electric vehicles (EVs), portable electronics, and smart grid
applications has intensified the demand for energy storage technologies that are efficient, reliable, and durable.
Conventional battery technologies, such as lithium-ion and lead-acid batteries, remain dominant due to their high
energy density; however, they suffer from inherent limitations including slow charge—discharge rates, limited cycle
life, thermal instability, and degradation under high power demand conditions. These challenges reduce overall system
efficiency and increase maintenance and replacement costs, thereby constraining the sustainability and reliability of
modern energy systems (Luo et al., 2020). Ultra capacitors, also known as super capacitors, have emerged as a
complementary energy storage technology capable of addressing several limitations of conventional batteries. Ultra
capacitors exhibit high power density, rapid charge—discharge capability, long cycle life, and superior efficiency
compared to batteries. However, their relatively low energy density restricts their ability to serve as standalone storage
solutions in applications requiring sustained energy delivery.

As a result, hybrid battery—ultra capacitor systems have gained significant research attention for leveraging the high
energy density of batteries and the high power density of ultracapacitors to achieve improved overall performance
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(zhang et al., 2021). Despite the advantages of hybrid energy storage systems, effective coordination between batteries
and ultracapacitors remains a critical challenge. Poor energy management strategies can lead to suboptimal power
sharing, accelerated battery aging, and inefficient utilization of the ultracapacitor. Traditional rule-based and linear
control techniques often fail to handle the nonlinear dynamics, uncertainties, and varying operational conditions
inherent in hybrid storage systems. Consequently, there is a growing need for intelligent control approaches capable
of adapting to real-time system behavior and optimizing energy flow between storage components (Hannan et al.,
2020). Artificial Neural Networks (ANNs) have proven to be powerful tools for modeling, prediction, and control in
complex and nonlinear systems. In energy storage applications, ANN-based controllers can learn from historical and
real-time data to predict load demand, state of charge (SoC), state of health (SoH), and optimal power distribution
strategies. When applied to battery—ultra capacitor hybrid systems, ANN-based techniques enable intelligent decision-
making that minimizes battery stress, improves charge—discharge efficiency, and extends battery lifespan while
ensuring stable power delivery (Kumar et al., 2022).

Improving battery technology using an ANN-based ultracapacitor framework focuses on reducing battery degradation
by allowing the ultracapacitor to handle transient and peak power demands, while the battery supplies steady-state
energy requirements. This intelligent energy-sharing mechanism enhances thermal stability, reduces depth of
discharge fluctuations, and improves overall system reliability. Moreover, ANN-based control strategies can
dynamically adapt to changing operating conditions such as load variations, temperature changes, and aging effects,
making them highly suitable for modern energy systems including micro grids, electric vehicles, and renewable energy
integration (Chen et al., 2023). In the context of developing economies and power-constrained regions, such as
Nigeria, improving battery technology through ANN-based ultracapacitor systems is particularly significant. Frequent
power fluctuations, load uncertainties, and the increasing penetration of renewable energy sources demand robust and
intelligent energy storage solutions. Therefore, this study is motivated by the need to enhance battery performance,
efficiency, and lifespan by integrating ultracapacitors with ANN-based control strategies, thereby contributing to the
development of sustainable, reliable, and intelligent energy storage systems for future power networks. The increasing
global demand for efficient and reliable energy storage systems has intensified research into advanced battery
technologies. Conventional batteries, particularly lithium-ion batteries, have been widely adopted due to their high
energy density and relatively long cycle life. However, they suffer from several limitations such as slow charging
rates, thermal instability, limited power density, and degradation over repeated charge—discharge cycles (Goodenough
& Park, 2016; Nitta et al., 2015).

These limitations have become more pronounced with the rapid expansion of renewable energy systems, electric
vehicles, and smart grid applications, where both high energy density and high power density are simultaneously
required. To address these challenges, ultracapacitors (also known as supercapacitors) have emerged as a
complementary energy storage technology. Ultracapacitors offer high power density, rapid charging and discharging
capability, and excellent cycle life compared to conventional batteries (Zhang et al., 2018). However, their relatively
low energy density limits their standalone application in long-duration energy storage systems. As a result, hybrid
energy storage systems that integrate batteries with ultracapacitors have gained significant attention, as they combine
the high energy density of batteries with the high power density of ultracapacitors (Liu et al., 2017). Despite these
advantages, managing and optimizing hybrid battery—ultracapacitor systems remains a complex challenge. The
performance of such systems depends heavily on effective energy management strategies, state-of-charge estimation,
and dynamic load handling. Traditional control methods, such as rule-based and classical optimization techniques,
often fail to adapt to nonlinear system behavior and varying operating conditions (Hannan et al., 2017). This has led
to the growing adoption of Artificial Neural Networks (ANN) due to their ability to model nonlinear relationships,
learn from data, and provide adaptive control in complex systems. ANN-based techniques have been successfully
applied in battery management systems for state estimation, fault detection, and performance optimization (Chemali
etal., 2018; Waag et al., 2016). In hybrid systems, ANN can intelligently coordinate power sharing between the battery
and ultracapacitor, thereby reducing battery stress, improving efficiency, and extending system lifespan. Furthermore,
ANN models can predict system behavior under varying load conditions, enabling real-time optimization and
improved reliability.

The novelty of this study lies in the integration of an ANN-based control framework with ultracapacitor-assisted
battery technology to achieve intelligent energy management and performance optimization. Unlike conventional
hybrid energy storage approaches that rely on static or rule-based control strategies, this study introduces a data-driven
adaptive mechanism capable of dynamically regulating power flow between the battery and ultracapacitor. The
proposed approach leverages ANN’s predictive and learning capabilities to enhance charge—discharge efficiency,
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reduce thermal stress, and improve overall system lifespan. Additionally, the study introduces an intelligent
ultracapacitor support mechanism that actively compensates for transient load variations, thereby minimizing battery
degradation. This combination of ANN intelligence with ultracapacitor technology represents a significant
advancement over existing methods by providing a more robust, flexible, and efficient energy storage solution.

Despite significant progress in battery and ultracapacitor technologies, there remains a critical gap in the development
of fully integrated, intelligent control systems that optimize hybrid energy storage performance under dynamic
operating conditions. Existing studies have largely focused either on battery improvement techniques or ultracapacitor
applications in isolation, with limited emphasis on their coordinated optimization using advanced intelligent
algorithms. Moreover, many ANN-based approaches have been restricted to battery state estimation and fault
diagnosis, without extending to real-time energy management in hybrid systems (Hannan et al., 2017; Chemali et al.,
2018). There is also insufficient research on the application of ANN for enhancing the synergistic interaction between
batteries and ultracapacitors, particularly in terms of improving efficiency, lifespan, and transient response. This study
addresses these gaps by developing an ANN-based ultracapacitor-supported battery system that integrates intelligent
control, real-time adaptability, and performance optimization. By combining sensitivity-driven energy management
with ANN learning capabilities, the research provides a novel framework that improves both energy efficiency and
system durability. This contribution not only advances the field of hybrid energy storage systems but also offers
practical solutions for applications in renewable energy integration, electric vehicles, and smart grid systems.

2.0 Materials and methods
To characterize and establish the causes of poor battery technology
Tablel: characterized and established causes of poor battery technology

Cause of Key Metric | Symbol Typical conventional S.1. Unit Technical Interpretation /
Poor Battery | / Parameter Poor- Causes of Effect
Performance Performance | Poor Battery

Range Technology
Performance
Low energy | Specific ESE_sEs 30-120 28 J-kg™ x103 | Insufficient stored
storage energy energy leads to short
capability backup time
Slow charge | Charge tct_cte 2.5 x10* - 24000 S Long recharge duration
rate time 7.2 x10* reduces system
availability
Limited Maximum Idl_dld <0.5C 0.2 A Inability to support high
discharge discharge transient loads
capability current
High Internal RintR_{in | 0.05-0.3 0.02 Q Causes excessive voltage
internal resistance t}Rint drop and heating
resistance
Excessive Voltage AV\Delta 08-25 0.5 \% Leads to system
voltage sag | drop under VAV instability during peak
load demand
Thermal Operating TTT > 323 330 K Accelerates degradation
instability temperature and safety risks
Short Cycle life NcN_cNc <800 782 cycles Frequent replacement
operational required
lifespan
Rapid aging | Capacity dCdt\frac >2x1073 0.007 st Reduced usable capacity
fade rate {dC}{dt} over time
dtdC
Poor power | Power PdP_dPd <500 492 W-kg™ Inability to supply
handling density sudden power demand
Inefficient Round-trip n\etan 0.60 - 0.80 0.4 dimensionless | High energy losses
energy efficiency during charge—discharge
conversion
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Over- Depth of DoDDoD >0.8 0.9 dimensionless | Accelerates electrode
dependence | discharge DoD wear
on battery
Load Load Al\Delta >15 17 A Causes electrode fatigue
fluctuation current IAT and thermal stress
stress ripple
Poor Response trt_rtr >0.5 0.8 S Delayed response to load
response to | time changes
transients
Ineffective SoC eSoC\epsi >0.1 0.4 dimensionless | Leads to overcharging or
energy estimation lon_{SoC deep discharging
management | error }eSoC
High self- Self- c\sigmac >5x107° 0.000007 st Energy loss during idle
discharge discharge periods

rate

Engineering Insight
The table clearly shows that poor battery technology is mainly caused by:
High internal resistance and thermal stress
Inability to meet high transient power demand
Slow dynamic response to fluctuating loads
Accelerated aging due to deep discharge
Poor energy management and SoC estimation

These limitations justify the integration of ultracapacitors, which typically exhibit:
Power density > 10,000 W-kg™
Response time < 1072 s
Cycle life > 10° cycles
When controlled using an ANN-based energy management system, ultracapacitors absorb transient loads, reduce
battery stress, and significantly improve battery lifespan and efficiency.
To design a conventional SIMULINK model for battery technology

Fig 1: designed conventional SIMULINK model for battery technology
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The results obtained were as shown in figures 6 and 7

To train ANN in the Causes of Poor Battery Technology Performance for an effective performance

IMPROVING BATTERY TECHNOLOGY USING ANN BASED ULTRACAPACITOR
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Fig 2: trained ANN in the Causes of Poor Battery Technology Performance for an effective performance

The fifteen causes of Poor Battery Technology Performance were trained twenty times 15 x 20 = 300 three hundred
neurons that looked like a human brain which strictly adhere to an effective performance of Battery Technology.
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Fig 3: The result obtained during the course of trained ANN in the Causes of Poor Battery Technology
Performance for an effective performance
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To design a SIMULINK model for ultracapacitor
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Fig 4: designed SIMULINK model for ultracapacitor
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This was integrated to the designed conventional SIMULINK model for battery technology to give the results obtained

in figures 6 and 7. To design a SIMULINK model for improving battery technology using ANN based ultracapacitor.
[ermed]

Fig 5: designed SIMULINK model for improving battery technology using ANN based ultracapacitor
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The results obtained were as shown in figures 6 and 7. To validate and justify the percentage improvement
in the reduction of causes of poor battery technology performance with and without ANN based
ultracapacitor. To find percentage improvement of Low energy storage capability causes of poor battery
technology performance with ANN based ultracapacitor. Conventional Low energy storage capability=28
J-kg™ x103

ANN based ultracapacitor Low energy storage capability=33.8 J-kg™ x103
% improvement of Low energy storage capability causes of poor battery technology performance with ANN based
ultracapacitor=

ANN based ultracapacitor Low energy storage capability- Conventional L E storage capabilityx100%
Conventional L E storage capability 1

% improvement of Low energy storage capability causes of poor battery technology performance with ANN based
ultracapacitor=
33.8J-kg™t x103 - 28 J-kg™t x103 x 100%

28 J-kg™* x108

% improvement of Low energy storage capability causes of poor battery technology performance with ANN based
ultracapacitor=20.7% . To find percentage improvement reduction of Load fluctuation stress causes of poor battery
technology performance with ANN based ultracapacitor

Conventional Load fluctuation stress =17 A

ANN based ultracapacitor Load fluctuation stress =15 A

% improvement of reduction of Load fluctuation stress causes of poor battery technology performance with ANN
based ultracapacitor=

Conventional Load fluctuation stress-ANN based ultracapacitor Load fluctuation stress x100%
Conventional Load fluctuation stress 1

% improvement of reduction of Load fluctuation stress causes of poor battery technology performance with ANN
based ultracapacitor=_ 17 A - 15 A x 100%

17A
% improvement of reduction of Load fluctuation stress causes of poor battery technology performance with ANN
based ultracapacitor= 11.8%

3.0 Result and Discussion
Table 2: comparison of conventional and ANN based ultracapacitor Low energy storage capability that
causes poor battery technology performance

Time (days) Conventional Low energy storage capability | ANN based ultracapacitor Low energy
that causes poor battery technology | storage capability that causes poor
performance(J-kg™ x103) battery technology performance(J-kg™

x103)
1 28 33.8
2 28 33.8
3 28 33.8
4 28 33.8
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Fig 6: comparison of conventional and ANN based ultracapacitor Low energy storage capability that causes
poor battery technology performance

The conventional Low energy storage capability that causes poor battery technology performance was28 J-kg™ x103,
On the other hand, when an ANN based ultracapacitor was integrated into the system, it simultaneously improved
t033.8 J-kg™* x102.

Table 3: comparison of conventional and ANN based ultracapacitor Load fluctuation stress that causes poor
battery technology performance

Time (days) Conventional Load fluctuation stress that | ANN based ultracapacitor Load
causes poor battery technology fluctuation stress that causes poor
performance(A) battery technology performance(A)

1 17 15
2 17 15
3 17 15
4 17 15

I conventional Load fluctuation stress that causes poor battery technology performance(A)

[ AnN based uitra capacitor Load fluctuation stress that causes poor battery technology performance

1 2

Fig 7: comparison of conventional and ANN based ultracapacitor Load fluctuation stress that causes poor
battery technology performance

The conventional Load fluctuation stress that causes poor battery technology performance was17A. Meanwhile, when
an ANN based ultracapacitor was imbibed into the system, it instantly reduced to15A.
Finally, with these results obtained, it meant that the percentage improvement in battery technology when ANN based
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ultracapacitor was incorporated into the system was11.8%.

4.0. Conclusion

The random poor battery technology performance had vehemently crippled business activities that solely depended
on battery for their routine business outfit. This was eradicated by introducing improving battery technology using
ANN based ultracapacitor. To perfectly achieve this, it was done in this manner, battery technology was characterized
and the causes of poor battery technology was established, conventional SIMULINK model for battery technology
was designed and ANN was trained in the Causes of Poor Battery Technology Performance for an effective
performance. Then, SIMULINK model for ultracapacitor was designed, SIMULINK model for improving battery
technology using ANN based ultracapacitor was equally designed and the results obtained were validated and justified.
The results obtained were the conventional Low energy storage capability that causes poor battery technology
performance was28 J-kg™ x103. On the other hand, when an ANN based ultracapacitor was integrated into the system,
it simultaneously improved t033.8 J-kg™ x103 and the conventional Load fluctuation stress that causes poor battery
technology performance was17A. Meanwhile, when an ANN based ultracapacitor was imbibed into the system, it
instantly reduced to15A. Finally, with these results obtained, it meant that the percentage improvement in battery
technology when ANN based ultracapacitor was incorporated into the system was11.8%.
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