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Abstract—Electric vehicles (EVs) play an important role in the 

transition to sustainable energy systems, but their success 

relies heavily on efficient, safe, and adaptive charging systems. 

The Constant Current Constant Voltage (CCCV) method has 

become a key strategy in lithium-ion battery charging due to 

its ability to maintain voltage stability, prevent overcharging, 

and extend battery life. This paper is a review article that 

presents a conceptual analysis of CCCV-based EV charging 

controller systems without involving experiments or 

simulations. The study synthesizes the current literature to 

examine the integration of CCCV with Battery Management 

Systems (BMS), Solid-State Transformers (SST), artificial 

intelligence (AI), and intelligent grid infrastructure. The 

novelty of this paper lies in a holistic approach that links the 

strategies of charge control, power electronics, energy 

management, and grid stability areas that are often discussed 

separately. A structured taxonomy and comparative analysis 

are presented to identify technical challenges, research gaps, 

and the direction of development of adaptive and AI-based 

EV charging systems. This review confirms that CCCV 

remains the main foundation of EV charging, whose 

performance can be significantly improved through the 

integration of smart technology and modern grids. 

Keywords— Intelligent Charging Controller; Electric Vehicle 

(EV) Charging; CCCV (Constant Current Constant Voltage); 

Battery Management System (BMS); Renewable Energy 

Integration; Smart Grid. 

I. INTRODUCTION  

  In light of the ongoing transition towards sustainable 
energy alternatives, the incorporation of intelligent systems 
across various domains is becoming more essential. The 
role of electric vehicles in mitigating greenhouse gas 
emissions highlights the pressing need for effective 
charging infrastructures. This discussion seeks to explore 
the intricate principles that inform CCCV charging 
methodologies, along with the challenges these 
methodologies entail. These methodologies are crucial for 
optimizing energy distribution, improving the lifespan of 
batteries, and ultimately promoting the broader acceptance 
of electric mobility. Furthermore, this analysis is 
contextualized within the framework of emerging 
technologies and innovative practices, drawing 
relationships to larger environmental aims. 
Comprehending these facets is not solely an academic 
endeavor; it is vital for identifying future paths that can 
rectify current deficiencies in EV charging tactics while 
championing a smart, flexible approach that caters to the 
needs of an expanding electric vehicle landscape. 

  The advancement in the technologies related to electric 
vehicle charging has emerged as a significant domain of 
inquiry, especially given the rising necessity for effective 
and swift charging options. Among the notable innovations 
in this sector are solid-state transformers, which present a 
considerable enhancement when juxtaposed with 
conventional low-frequency transformers (LFTs). SSTs 
facilitate what is termed extreme fast charging (XFC), 
potentially truncating charging durations to times akin to 
those observed in standard gasoline refueling, thereby 
tackling one of the major obstacles that impede the 
expansive uptake of EVs [1].  Additionally, the nexus of 
intelligent charging controllers, exemplified by those that 
utilize CCCV strategies, serves to augment both charging 
efficiency and the longevity of batteries. These systems 
integrate sophisticated battery management methodologies 
that scrutinize and regulate various dimensions of the 
charging process, including but not limited to voltage, 
current, and thermal parameters, thereby ensuring a 
performance and safety optimization [2]. As scholarly work 
advances, surmounting the present hurdles pertaining to 
these technologies is paramount for shaping the 
forthcoming landscape of sustainable transportation. 

  The importance of integrating intelligent charging 
controllers is significant for the purpose of improving the 
efficiency and sustainability of electric vehicle charging 
systems. These controllers are responsible for the dynamic 
management of energy resources, which allows charging 
processes to evolve according to changing demands while 
at the same time minimizing any energy wastage occurring. 
This feature is notably crucial in light of the growing 
presence of electric and hybrid vehicles in today’s 
transportation systems. Recent studies have brought 
attention to the critical nature of effective battery 
management systems, emphasizing their function in 
equilibrating elements such as voltage and current, state 
estimation, and thermal regulation [2]. Additionally, 
intelligent charging controllers support the fluid interaction 
between renewable energy sources and EV infrastructures, 
thus bolstering resilience in emergency situations while 
making sure that resources are allocated optimally [3]. In 
summary, intelligent charging controllers serve not only to 
enhance battery efficiency but also play a role in cultivating 
a more sustainable energy ecosystem, thereby supporting 
the broader acceptance of environmentally friendly 
transportation alternatives. 

  Charging methodologies pertinent to electric vehicles 
necessitate an adept equilibrium between operational 
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efficiency and battery durability, with CCCV surfacing as 
a pivotal tactic within this context. The charging 
mechanism under CCCV initially administers a stable 
current to the battery until a certain voltage threshold is 
attained, which is subsequently succeeded by a constant 
voltage phase to finalize the charging sequence. This 
bifurcated strategy holds substantial importance due to its 
role in lessening lithium plating occurrences and fine-
tuning battery chemistry, thereby bolstering performance 
metrics and extending the usable life of batteries. Research 
substantiates that CCCV is increasingly resonant with the 
burgeoning focus on the incorporation of renewable energy 
into sophisticated charging frameworks, as highlighted by 
findings in pertinent studies regarding battery management 
systems [2]. Moreover, applications of microgrids that 
incorporate intelligent technologies reap advantages from 
the precision inherent in CCCV, which aids in the effective 
distribution of energy and the maintenance of stability 
through improved oversight of charging activities, an 
essential factor for forthcoming advancements within 
electric vehicle infrastructural paradigms [4]. 

  This research endeavors to formulate a smart controller 
for electric vehicle charging that utilizes the principles of 
CCCV to enhance the charging procedures. Through a 
thorough examination of current battery management 
technologies, the investigation will uncover deficiencies 
and suggest innovative approaches that aim to improve the 
effectiveness, lifespan, and comprehensive management of 
lithium-ion batteries during their operational phase. This 
study places importance on the inclusion of data science 
methodologies in the oversight of battery functionalities, 
matching the rising trends wherein creative management of 
resources can result in substantial energy conservation, as 
demonstrated in other fields, such as UAV systems, where 
the allocation of resources crucially influences operational 
productivity [5]–[7] Additionally, the research intends to 
analyze the relationships among battery production, 
performance in operation, and processes related to 
reutilization, with the goal of establishing an all-
encompassing framework for the ecosystems surrounding 
vehicle charging, thereby supporting the progress of 
sustainable energy initiatives within the electric vehicle 
industry [1], [8], [9]. This paper is a conceptual and 
analytical review that systematically examines CCCV in 
contrast to the review from previous research, which only 
focused on battery chemicals. This work integrates the 
principles of CCCV charging with BMS systems, SST, and 
Artificial Intelligence (AI). The main contribution lies in (i) 
identifying key technical and regulatory challenges in 
CCCV-based smart charging, (ii) highlighting research 
gaps related to adaptive control and network integration, 
and (iii) proposing future research directions towards AI-
powered smart grid-compatible charging architectures. 

II. METHODOLOGY 

This paper uses a systematic and structured Literature 

review methodology to analyze the latest advances in smart 

EV charging systems based on the CCCV control principle. 

This methodology is designed to ensure reproducibility, 

relevance, and analytical depth, particularly in the context 

of intelligent control, power electronics, and intelligent grid 

integration.  

 

A. Identify Literature and Data Sources 

The literature identification process is carried out by 

utilizing several reputable scientific databases, namely 

IEEE Xplore, ScienceDirect, SpringerLink, IET Digital 

Library, and MDPI. The database was chosen because it 

has a wide coverage of electric vehicles, battery 

management systems, solid-state transformers, and 

intelligent control systems. The literature search was 

carried out systematically using a combination of keywords 

related to CCCV charging, BMS, artificial intelligence, 

smart grid, and renewable energy integration.  

 

B. Selection Criteria and Screening Process  

After the initial collection process, the literature is 

selected using certain criteria to ensure the quality and 

relevance of the study. This research prioritizes journal 

articles and proceedings published in the 2019-2024 

period, so as to reflect the latest technological 

developments. Non-scientific literature, opinion articles, as 

well as publications that do not have clear methodological 

validation are excluded. In addition, studies that only 

discuss the chemical aspects of the battery without 

addressing the charging system or control are also not 

included. This screening process aims to ensure that all the 

references analyzed have a significant technical 

contribution to the topic of CCCV and intelligent charging 

systems.  

 

C. Identify Research Gaps  

Based on the results of the comparative evaluation, a 

synthesis of the main findings was carried out in order to 

identify research gaps that are still open. The analysis 

shows that the CCCV method has been widely applied and 

proven to be reliable, most of the research still focuses on 

individual components, such as batteries or power 

converters, without an integrated system approach. In 

addition, there are still limited studies that implement 

artificial intelligence-based adaptive charging strategies 

that take into account battery conditions, the availability of 

renewable energy, and the dynamics of the smart grid 

simultaneously. These gaps are the conceptual basis for the 

proposed direction of research and development of 

intelligent charging systems discussed in the next section.  

 

III. CC-CV CONCEPTS IN ELECTRIC VEHICLE CHARGING  

  Grasping the nuances of the CCCV charging technique 
is vital for maximizing the performance of batteries utilized 
in EVs. This specific charging procedure distinctly divides 
the current-limited stage from the voltage-limited stage, 
thereby permitting the battery to obtain a well-regulated 
charge, which improves efficiency and prolongs its 
operational lifespan. The effective application of CCCV 
heavily relies on the performance of battery BMS, which 
are responsible for continuously surveilling and controlling 
critical parameters. This is crucial for ensuring safety and 
enhancing durability while addressing potential issues such 
as thermal runaway [2], [10]. Moreover, the incorporation 
of SST in extreme fast charging scenarios presents 
promising developments by sustaining voltage stability and 
curtailing power losses. This is essential as the landscape 
of charging infrastructures continues to expand [1], [11], 
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[12]. In light of ongoing challenges concerning charging 
durations and inefficiencies, a deeper investigation into 
CCCV methodologies within intelligent EV charging 
infrastructures will be imperative for realizing enduring 
and user-friendly solutions in the realm of electric mobility. 
The overall structure of the integrated on-board charger is 
illustrated in Figure 1. 

 

Fig. 1. Schematic of the integrated on-board charger 

A. Fundamental principles of CCCV charging  

  Charging protocols hold significant importance for the 
optimization of the performance and longevity of lithium-
ion batteries that are commonly utilized in electric vehicles. 
The CCCV charging methodology is recognized as an 
established technique that initiates with a constant current 
phase, which enables the battery to charge rapidly until a 
designated voltage threshold is attained [13], [14]. 
Following this initial phase, the procedure transitions to a 
constant voltage stage, during which the current 
progressively diminishes as the battery nears its peak 
capacity. This bifurcated methodology not only bolsters 
charging efficiency but also reduces the chances of 
overcharging, which can result in thermal runaway and 
degradation of battery constituents. Advancements in data 
science technologies possess the potential to significantly 
enhance the oversight and governance of CCCV processes, 
allowing for real-time modifications that optimize battery 
health and operational efficiency throughout its entire 
lifespan [15]–[19] With the emergence of more advanced 
charging systems, it remains critical to assimilate insights 
derived from CCCV principles to tackle the obstacles 
associated with battery reuse and sustainability within the 
context of intelligent electric vehicle charging 
infrastructures [7]. 

 

B. Comparison of CCCV with Other Charging Methods   

  A widely used technique for charging within the electric 
vehicle infrastructure is the CCCV method, which is 
recognized for striking a sort of balance between efficiency 
and the preservation of battery life. Unlike conventional 
low-frequency transformer charging methods, CCCV 
offers a more controlled and slower charging process, 
which in turn leads to better thermal management and 
overall battery health [1]. This fact is particularly important 
because the intricacies of charging efficiency have a direct 
effect on both vehicle performance and consumer 
acceptance. Moreover, new strategies like Solid-State 
Transformers suggest rapid charging functionalities that 
could challenge the dominance of CCCV by reducing 
downtime experienced by users. Nonetheless, the SST 
method grapples with issues regarding harmonics 
management and load balancing, challenges that CCCV 
effectively alleviates through its organized adjustments of 
voltage and current [1]. As the EV market continues to 
develop, possessing a thorough understanding of these 

methodologies will be crucial for crafting intelligent 
charging controllers that can leverage the benefits of 
CCCV, while also tackling its shortcomings in more 
demanding power situations. 

 

C. Role of CCCV in Battery Management Systems  

  Within the domain known as battery management 
systems, there exists a noteworthy process referred to as 
CCCV charging, which plays a pivotal role in achieving a 
balance of safety and efficiency during the charging of EV 
batteries. In the initial phase of the CCCV method, a 
controlled current is supplied to the battery until a specific 
voltage limit is attained, which is essential for the 
maximization of both battery longevity and overall 
performance. This stepwise procedure serves to alleviate 
the hazards related to overcharging, thus aiding in the 
preservation of battery integrity and extending its 
operational lifespan. The literature indicates that CCCV is 
critical for thermal management within batteries; the 
effective regulation of temperature throughout the charging 
period has substantial implications for the electrochemical 
stability of battery cells [2], [20]–[22]. In addition to this, 
advancements in CCCV algorithms allow for the 
customization of charging methodologies to align with the 
conditions of individual batteries, enhancing energy 
efficiency, particularly within microgrid setups that 
incorporate renewable energy technologies. This level of 
adaptability highlights CCCV's significance not only in 
facilitating swift charging processes but also in propelling 
forward smart energy solutions for upcoming 
advancements in the field [23]. 

 

D. Advantages of CCCV in enhancing battery lifespan  

  One significant development regarding the charging of 
batteries is the method known as CCCV, which has 
received much recognition for its influence on the 
extension of battery lifespan. By meticulously controlling 
the charging procedure, CCCV diminishes the likelihood of 
overcharging, a condition that has the potential to cause 
thermal runaway and deterioration of battery materials, 
ultimately extending the usable life of batteries [24]–[26]. 
This aspect holds particular importance in sophisticated 
environments such as hybrid electric vehicles (HEVs), 
where the management of energy is of utmost significance. 
In addition, CCCV promotes better consistency in charge 
distribution among the cells, thus tackling the issues related 
to voltage and current stresses that might negatively 
influence battery safety and performance [2]. The method 
also supports adequate thermal management within the 
battery framework, which is crucial to sustain optimal 
operational conditions and lessen the negative impacts 
stemming from temperature variances [22]. In summary, 
the inclusion of the CCCV technique within charging 
protocols signifies an essential progression in promoting 
the durability and dependability of battery systems in 
electric vehicles. Studies report that properly implemented 
CCCV charging can increase battery cycle life by about 
20–35% and reduce capacity degradation by 15–25% 
compared to aggressive fast charging strategies, especially 
when combined with thermal management and adaptive 
current regulation [2], [22]. 
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IV. CHALLENGES IN IMPLEMENTING INTELLIGENT 

CHARGING CONTROLLERS  

  The integration of intelligent charging controllers into 
electric vehicle infrastructure encounters considerable 
hurdles that obstruct their extensive acceptance. A pivotal 
challenge is the technological intricacy linked to 
implementing these advanced systems, which frequently 
depend on intricate algorithms alongside real-time data 
handling to enhance charging efficiency and the 
management of battery health. Present systems, as pointed 
out in [2], require robust battery management systems to 
supervise voltage, current, and temperature, thereby 
complicating the integration procedures for charging 
stations. Further complicating matters are issues like 
standardization and interoperability among different EV 
models and charging networks, which impede seamless 
experiences for users. As mentioned in [1], transitioning to 
solid-state transformers for extreme fast charging 
introduces both prospects and obstacles, particularly 
regarding the management of variable load conditions and 
harmonics [27]–[29]. Therefore, it is crucial to address 
these complex challenges to cultivate intelligent charging 
solutions that not only demonstrate efficiency but also 
exhibit scalability and reliability across various operational 
scenarios. A comparison of different EV charging methods 
is summarized in Table 1. 

TABLE I.     COMPARISON OF EV CHARGING METHODS AND 

KEY CHARACTERISTICS 

Charing 
Method 

Control 
Strategy 

Charing 
Speed 

Battery 
Stress 

Grid 
Compatibility 

CCCV 
[1], [2] 

Current → 
Voltage 
control 

Medium–
High 

Low High 

Constant 
Current 
(CC) [2], 
[30]–[32] 

Fixed current High High Medium 

Constant 
Voltage 
(CV) 
[2][33], 
[34] 

Fixed 
voltage 

Low Medium Low 

SST-
based 
XFC [1], 
[35] 

High-
frequency 
power 
conversion 

Very 
High 

Medium–
High 

Medium 

AI-
adaptive 
CCCV 
[31], [36] 

Data-driven 

adaptive 

control 
 

High Low Very High 

 

A. Technical challenges in CCCV implementation  

  The execution of CCCV charging methodologies 
within the scope of electric vehicles brings forth a 
multitude of technical difficulties that need to be tackled to 
boost efficacy and dependability. The CCCV charging 
process is shown schematically in Figure 3. A significant 
issue is rooted in the constraints set by conventional 
charging systems, which frequently find it challenging to 
manage the escalated power levels and operational 
intricacies linked with CCCV [2], [8], [21]. In particular, 
the incorporation of advanced battery management systems 
is crucial, since it is vital to oversee and refine factors like 

current, voltage, and temperature, in order to avert potential 
damage and assure the lifespan of the system [2]. 
Moreover, as demonstrated in contemporary research, the 
shift toward Solid State Transformer technology for 
extremely fast charging scenarios introduces further 
complications, such as the management of harmonics and 
voltage regulation amid fluctuating load situations [1]. 
Tackling these concerns calls for innovative approaches 
and stringent design standards, with the objective of 
realizing safe, efficient, and swift charging capabilities to 
address the escalating requirements of electric vehicle 
infrastructure. 

 

Fig. 2. CC-CV charging approach [31] 

B. Economic barriers to widespread adoption  

 The shift toward the adoption of electric vehicles 
encounters considerable economic obstacles that hinder 
broad acceptance and incorporation into the prevailing 
infrastructure. A significant obstacle is the upfront 
investment needed for both EVs and the necessary charging 
infrastructure, which can dissuade consumers from 
engaging, in spite of potential long-term savings regarding 
fuel and maintenance expenditures [37]–[39]. This 
economic challenge is made more complex by the 
requirement for creative financing models that can 
adequately address substantial initial costs without 
imposing excessive burdens on end-users. Furthermore, as 
highlighted in [36], the swift embrace of electric mobility 
calls for effective coordination among diverse 
stakeholders, including distribution system operators and 
aggregators, to alleviate the economic ramifications 
associated with the introduction of electric vehicles and 
renewable energy into low-voltage networks. The 
implementation of these coordination strategies is essential 
to ensure that economic pressures do not unfairly impact 
stakeholders, thus creating a more advantageous setting for 
the uptake of EVs and the incorporation of renewable 
energy. 

 

C. Regulatory and standardization issues  

 Navigating the regulatory and standardization terrain is 
crucial for effectively implementing intelligent electric 
vehicle charging controllers within smart grid systems. The 
goal of integrating smart technologies is to tackle 
increasing issues related to energy efficiency and grid 
stability; however, this objective faces obstacles due to a 
fragmented set of regulations across different jurisdictions. 
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There exists a significant necessity for unified standards 
that enable interoperability among the assorted charging 
systems and smart grid elements. For example, as 
conventional grids transition into Smart Grids, marked by 
two-way energy flow, it is vital to have defined guidelines 
to guarantee the smooth incorporation of Internet of Things 
(IoT) devices, which are essential for bolstering 
connectivity and automation within energy systems [16], 
[40], [41]. Furthermore, as noted in the review of regulatory 
frameworks, it is important to align the interests of various 
stakeholders, such as utility providers and consumers, to 
craft policies that both foster innovation and ensure security 
and dependability throughout the grid [30]. 

 

D. Regulatory and standardization issues  

 The incorporation of renewable energy sources within 
the electric vehicle charging infrastructure offers a 
distinctive chance to improve both sustainability and 
energy efficiency. With an increasing dependence on solar 
and wind energy, the intelligent electric vehicle charging 
controller becomes essential for the regulation of energy 
distribution from these sources. By implementing 
sophisticated charging methodologies, like CCCV, the 
charging procedure can be fine-tuned to guarantee that 
vehicles receive efficient charging while also accounting 
for the fluctuations in renewable energy production. In the 
sphere of microgrids (MG), where distributed energy 
resources aggregate, the capacity to flexibly manage 
charging demands based on energy availability not only 
aids in maintaining grid stability but also enhances the use 
of renewable energy [4]. Additionally, the integration of 
smart Battery Management Systems is crucial for ensuring 
the health and longevity of battery storage systems, which 
play a significant role in harnessing excess energy during 
peak production periods and enabling proper energy 
distribution [2]. This comprehensive tactic reformulates 
EV charging as a collaborative component of an eco-
friendlier energy ecosystem. 

V. FUTURE DIRECTIONS FOR INTELLIGENT ELECTRIC 

VEHICLE CHARGING  

 Progress within the realm of intelligent electric vehicle 
charging systems is fundamentally dependent upon the 
melding of sturdy battery management technologies, 
deemed essential for maximizing the efficiency of charging 
and prolonging battery lifespan. The progression of BMS 
bears critical importance in tackling numerous challenges 
that emerge as reliance on electric energy grows, 
particularly in the contexts of state estimation and 
techniques associated with battery modeling [2]. In 
addition, the advent of SST signifies a potentially fruitful 
avenue, as it allows for exceedingly rapid charging 
capabilities, thereby imitating the straightforwardness 
linked with traditional fuel refueling [1]. Such a 
transformation could serve as a catalyst for the broader 
incorporation of EVs by markedly diminishing the time 
required for charging, while enhancing operational 
effectiveness and curtailing energy losses throughout the 
procedure. As scholars pursue these creative avenues, a 
holistic strategy that synergizes advanced BMS 
technologies with high-frequency SSTs will prove vital for 
the establishment of a more intelligent and responsive 

charging ecosystem that fulfills future energy 
necessitations [42], [43]. 

A. Innovations in charging technology and infrastructure   

 As the market for electric vehicles keeps expanding, the 
importance of innovative charging technologies as well as 
sturdy infrastructure is crucial for maintaining progress in 
this environmental shift. New developments in battery 
management systems, which focus on data-led approaches 
for thorough life-cycle management, not only improve 
charging efficiency but also refine battery performance 
over time. The incorporation of machine learning 
algorithms in charging stations can enable adaptable 
charging strategies that are specifically designed for the 
unique requirements of EVs, which can help tackle 
problems linked to peak demand and energy distribution 
issues [15]. In addition, the rise of fast-charging 
technologies and wireless charging setups can considerably 
cut down on charging durations, thereby increasing user 
convenience for EVs. These advancements, along with a 
thoughtful infrastructure deployment, are essential for 
reducing range anxiety and encouraging broader uptake of 
electric vehicles, ultimately aiding in the development of a 
sustainable and smart transportation framework [32]. The 
dynamic between advanced technology and supportive 
infrastructure lays a solid groundwork for forthcoming 
progress in EV charging solutions. 

 

B. Role of artificial intelligence in charging optimization   

 With the rise of electric vehicles taking over the 
transportation domain, the enhancement of charging 
procedures through Artificial Intelligence has come forth 
as a crucial tactic. AI possesses the capacity to sift through 
extensive volumes of real-time information, which 
facilitates the creation of smart charging algorithms that 
adjust based on user habits, power grid requirements, and 
energy expenditures [44]. For example, utilization of 
federated learning within intelligent transportation 
frameworks can boost the operational effectiveness of 
charging networks while simultaneously safeguarding user 
privacy, thus addressing essential issues in the ecosystem 
[32]. Additionally, the melding of AI with vehicle-to-
everything (V2X) communication fosters an intelligent 
synchronization among various EVs and their 
corresponding charging systems, optimizing energy use 
throughout the network. This cooperative relationship not 
only improves charging productivity but also aids in 
achieving sustainability objectives within the ongoing 
green transition in the mobility sector, demonstrating AI's 
fundamental importance in shaping a more intelligent and 
effective future for EV charging mechanisms [36]. 

 

C. Potential for smart grid integration   

 The melding of smart grid technology offers a 
significant chance for the improvement of energy 
management in relation to electric vehicle charging 
infrastructure. With the persistent rise in energy needs, 
smart grids can enable two-way energy flows and the 
constant surveillance required for effective functioning. 
Utilizing progressions in distributed generation and 
microgrid frameworks, as pointed out in [45], involved 
parties can boost the dependability and accessibility of 

power 
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supply, all while reducing operational expenditures [12], 
[17], [21], [33]. Furthermore, by including sophisticated 
charging controllers, it becomes feasible to manage 
charging rates wisely depending on the demands and 
availability of the grid. This holds notable importance as 
the technologies associated with autonomous vehicles 
merge with hybrid systems, which emphasizes the urgent 
need for innovative control tactics that maximize energy 
use without jeopardizing safety, as elaborated in [46]. 
Consequently, the prospect of integrating smart grids 
transcends mere technological progress; it reflects a 
strategic necessity for future energy ecosystems that 
emphasize sustainability and operational efficiency. 

 

D. Future research areas and emerging trends  

 As the arena of electric vehicle charging technology 
progresses, several emerging tendencies and potential 
research domains demand scrutiny. Importantly, 
improvements in SST denote a significant transformation 
that is anticipated to bolster charging efficiency while 
lessening wait periods, thereby addressing a key obstacle to 
the uptake of EVs [1], [6], [47]. Additionally, the 
importance of comprehensive battery management systems 
is paramount; elucidating the essential relationship among 
battery health, state estimation, and charging 
methodologies will be critical for enhancing performance 
within hybrid and EV frameworks [2]. Delving into 
innovative algorithms for instantaneous supervision and 
flexible charging techniques, while also examining the 
repercussions of renewable energy modalities on charging 
infrastructure, will be crucial as the call for sustainable 
resolutions escalates. In the end, these research pathways 
will propel advancements in intelligent charging 
controllers, consequently enabling the broader acceptance 
of electric vehicles and aiding in the establishment of a 
more sustainable transportation ecosystem. 

 

VI. CONCLUSION  

  This paper presents a comprehensive conceptual and 
analytical review of intelligent EV charging systems based 
on CCCV protocols. The study confirms that CCCVs 
remain a fundamental charging strategy due to their ability 
to balance charging speed, battery safety, thermal stability, 
and extended lifespan. Through a systematic literature 
review, this work shows that the performance of CCCV-
based charging can be significantly improved when 
integrated with advanced BMS, SST, AI, and intelligent 
network infrastructure. The findings suggest that CCCV 
contributes to improved charging efficiency, reduced 
pressure on the battery, and better compatibility with 
renewable energy sources and microgrid environments. 
However, the review also identified key challenges, 
including the complexity of system integration, lack of 
standardization, high initial infrastructure costs, and 
limited implementation of adaptive and AI-based control 
strategies. Therefore, future research should focus on 
developing adaptive, data-driven, and AI-assisted CCCV 
control algorithms that take into account battery health, 
grid conditions, and availability of renewable energy in 
real-time. In addition, a stronger emphasis is needed on 
system interoperability, regulatory harmonization, and 

large-scale smart grid integration to enable a scalable and 
sustainable electric vehicle charging ecosystem. Overall, 
the review highlights that CCCVs will continue to serve as 
the backbone of electric vehicle charging systems, while its 
evolution towards smart, grid-interactive, and renewable-
minded architecture is critical for the future. 
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