
2025 International Conference on Data Science, Agents, and Artificial Intelligence (ICDSAAI 2025) 
28-29 March 2025, Chennai, India 

 979-8-3315-3755-5/25/$31.00 ©2025 IEEE 

Artificial Intelligence Controlled Manufacturing 
Strategies for New Energy Vehicles 

Paul Sundar Singh * 
Department of Computer Science 

Vels Institute of Science, Technology & 

Advanced Studies (VISTAS) 

Chennai, India. 
spsundarsingh@yahoo.com 

Priya R 
Department of Computer Applications  

Vels Institute of Science, Technology & 

Advanced Studies (VISTAS) 

Chennai, India 
priyaa.research@gmail.com 

 

  

Abstract— Manufacturing strategies which focus on New 

Energy Vehicles (NEVs) need to innovate because their rapid 

growth requires more efficient and sustainable production 

methods. This research studies flexible manufacturing since it 

represents the fundamental solution for NEV production 

difficulties. The article evaluates three manufacturing 

approaches including contract manufacturing together with 

skateboard platform sharing and modular production lines 

which show advantages in cost reduction and faster production 

times and better market responsiveness. Real examples from 

Tesla, Canoo and Toyota demonstrate how flexible 

manufacturing works in the NEV sector. Some interconnected 

obstacles including elevated start-up expenses and supplier 

connection requirements and employee skill development 

remain despite productive benefits. The research presents 

forecasts regarding AI-controlled intelligent manufacturing 

sites and environmentally-friendly production practices which 

will facilitate the development of an optimized NEV production 

network. The NEV industry will push global sustainability in 

transportation by using flexible manufacturing to solve 

production challenges. 

Keywords— New Energy Vehicles, Flexible Manufacturing, 

Contract Manufacturing, Skateboard Platform, Smart 

Factories 

I. INTRODUCTION  

The worldwide automotive industry experiences a major 
transformation because New Energy Vehicles (NEVs) 
consisting of electric vehicles (EVs) hybrid electric vehicles 
(HEVs) and hydrogen fuel cell vehicles (FCEVs) are growing 
rapidly [1]. The automotive industry continues to shift because 
environmental reasons and tightening governmental emission 
standards along with better battery storage capabilities push 
forward this evolution. The International Energy Agency 
shows that NEVs accounted for 16% of global vehicle sales 
during 2023 with a substantial 31% annual growth rate [2-3]. 

The production methods developed for internal 
combustion engine (ICE) vehicles do not effectively work 
with the essential structure differences between NEV vehicles 
[4]. The manufacturing sector now stations toward flexible 
manufacturing because it allows for production systems with 
adaptive capabilities and sharing of platforms and smart 
automated tech that boost operational productivity and scale 
potential [5]. Manufacturers can operate different vehicle 
models including ICE hybrid and EVs on one single 
production line through flexible manufacturing systems [6]. 
Toyota implements the New Global Architecture (TNGA) 
platform which enables simultaneous manufacturing of ICE 
vehicles and electric cars utilizing common modules [7]. The 
vehicle production process moves to third-party 
manufacturers who provide both necessary expertise and 

manufacturing facilities through contract manufacturing [8]. 
Tesla collaborates with BYD to obtain lithium iron phosphate 
(LFP) battery supplies which are used at Tesla's Shanghai 
Gigafactory [9-13]. The joint effort with BYD enables Tesla 
to lower its production expenses and build more EVs quicker 
to fulfill growing market needs. Multiple companies apply a 
shared architecture framework which enables them to create 
individual vehicle designs for exterior and interior 
components [14-17]. The modular skateboard platform of 
Canoo shows how manufacturers achieve this approach. 
Through this approach the following benefits occur: Faster 
development processes and lower expenses and the capability 
to scale across divergent NEV product lines as well as 
enhanced supply chain system adaptability [18-21].  

Modern Industry 4.0 technologies that include automation 
and AI-driven robotics and digital twin simulations drive the 
improvement of flexible NEV production [22-23]. Fast battery 
production at Tesla's Gigafactories benefits from automated 
assembly lines alongside machine learning algorithms which 
cuts expenses and boosts efficiency [24]. The Battery 
Competence Centre of BMW located in Germany 
concentrates on sustainable battery manufacturing through 
implementing renewable sources of energy and circular 
economic approaches [25]. The smart manufacturing 
solutions achieve effective NEV production at high quality 
levels and large scales while cutting down environmental 
impact [26]. A fundamental hurdle for implementing AI-
driven manufacturing consists of three main barriers including 
expensive capital expenditure on automation, robotics and 
modular platforms along with the requirement to retrain 
existing workers and the raw material shortage affecting 
battery production through lack of lithium and cobalt 
resources [27]. The future of sustainable flexible NEV 
production becomes brighter with the recent development of 
AI-driven smart factories as well as advanced battery 
recycling techniques and the emergence of hydrogen-powered 
NEVs [28-30]. 

The increasing market pull for NEVs faces production 
problems because established manufacturing approaches 
prove inadequate to enable the industry shift. Production 
issues can be resolved through three types of flexible 
manufacturing approaches: contract manufacturing and 
skateboard platforms and smart factories. The paper assesses 
successful implementation examples of flexible production 
techniques through real-world evaluations of NEV 
manufacturers including Tesla, Toyota and Canoo. The 
research evaluates barriers alongside future predictions and 
necessary policy measures needed to expand flexible NEV 
production across the world. 
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II. EVOLUTION OF NEV MANUFACTURING 

NEV manufacturing development results from 
technological developments and environmental policies 
together with changing market tastes. Production statistics for 
NEVs reflect the change in Figure 1. Traditional internal 
combustion engine (ICE) vehicle manufacturing lines operate 
rigidly to produce vehicles on massive scales. Rising market 
demand for electric and hybrid vehicles requires a change to 
flexible manufacturing systems that enable manufacturers to 
change production lines between different vehicle types 
efficiently.  

 

Fig. 1. Example of Year-wise growth of New Energy Vehicles (NEVs) 

A. Transition from Traditional Manufacturing to Flexible 

Manufacturing 

Traditional automotive manufacturing has been highly 
standardized, with dedicated production lines designed for 
specific vehicle models [7]. Figure 2 illustrated the comparing 
setup and operational costs across different manufacturing 
strategies. These high-volume, low-flexibility systems were 
well-suited for ICE vehicles but struggled to accommodate the 
complexities of NEVs, which require: 

• Battery assembly and management systems 

• Lightweight materials such as aluminium and 
composites 

• New powertrain configurations (electric motors, 
hydrogen    fuel cells, hybrid systems) 

To address these limitations, manufacturers are adopting 
flexible manufacturing systems (FMS), which allow for: 

• Reconfigurable assembly lines capable of producing 
both ICE and NEVs 

• Robotics and automation to handle different 
components efficiently 

• Smart factories using AI and digital twin technology to 
optimize product

ion 

Fig. 2. Cost-Benefit Analysis of Manufacturing Approaches 

III. KEY TRENDS SHAPING NEV PRODUCTION  

Several key trends are shaping the future of NEV 
manufacturing: 

A. Transition Digital Twin and Smart Manufacturing  

The implementation of digital twins produces virtual 
production line representations which enable manufacturers 
to run live optimization simulations. The Transparent Factory 
of Volkswagen in Dresden utilizes digital twin technology to 
track and boost EV manufacturing efficiency [23]. 
 

 

Fig. 3. The conceptual diagram illustrating digital twin implementation in 
smart factories 

The Figure 3 demonstrates how digital twin technology 
operates within smart factories. The illustration presents a 
factory setting that includes AI-operated robots and IoT 
sensors monitoring the facility through a digital twin 
visualized on computer software. The digital twin operates as 
a virtual duplicate which allows managers to monitor factory 
operations and apply predictive maintenance functions and 
optimize processes in real time.  

B. Automation and Robotics in Production   

The assembly process has seen improvements in speed and 
accuracy through dual deployments of advanced robotics 
alongside AI-driven automation systems. The batteries 
produced by Tesla at their Gigafactories experience 
optimization through machine learning algorithms which 
work to eliminate production waste [16]. 
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C. Contract Manufacturing and Skateboard Platforms 

Through contract manufacturing startups can delegate 
production to experienced manufacturers which helps them 
avoid major capital investment risks. The Shanghai 
Gigafactory of Tesla works with BYD to produce batteries 
which improves its manufacturing capabilities through 
outsourcing [7]. The modular skateboard platform design of 
EV chassis enables diverse manufacturers to convert it into 
various vehicle types. Canoo achieves reduced production 
expenses and improved scalability through its skateboard 
platform technology which supports the development of 
various EV models [8]. 

The Figure 4 demonstrates the New Energy Vehicle (NEV) 
production model of contract manufacturing through NEV 
manufacturer and third-party contract manufacturer 
collaboration. The visualization represents the supply chain 
network which includes main components like NEV 
Manufacturer (Tesla) joined by Contract Manufacturer 
(BYD) and Battery Supplier and Component Supplier 
alongside the Final Assembly Plant. The Figure 5 presents the 
modular skateboard platform architecture through which 
electric vehicle (EV) manufacturers produce their products. 
This platform integrates main components among its 
centrally placed battery pack and electric motors at the axle 
points and its integrated electronic control systems. The 
platform design gives vehicle manufacturers capabilities to 
build different vehicle models from a single standardized 
chassis. 

 
Fig. 4. The Contract Manufacturing Model in NEV Production 

D. Sustainable and Circular Economy Approaches 

EV battery recycling combined with factory renewable 
energy use and production waste reduction are the main 
targets of environmental focus. The BMW Battery 
Competence Centre based in Germany combines 
environmentally friendly production methods which include 
material recycling alongside renewable power systems [12]. 
ICE vehicle mass production benefits from traditional 
manufacturing methods which struggle to accommodate 
changes needed for NEV production. The production of 
NEVs requires flexible manufacturing since it delivers better 
sustainability along with manufacturing flexibility.  

IV. FLEXIBLE MANUFACTURING IN NEV 

PRODUCTION 

The definition of flexible manufacturing describes a 
production system which swiftly modifies between product 
designs while adjusting output levels and manufacturing 

specifications without long periods of downtime or extensive 
system reconfiguration. Through NEV production flexible 
manufacturing allows manufacturers to run their lines for 
efficient manufacturing of electric vehicles (EVs) alongside 
hybrid electric vehicles (HEVs) and hydrogen fuel cell 
vehicles (FCEVs). The figure 6 shows the steps that occur in 
flexible manufacturing for NEV production. 

 

Fig. 5. The 3D model-style illustration of the skateboard platform 
architecture for an electric vehicle [39] 

 

Fig. 6. Flow Diagram of Flexible Manufacturing of NEVs 

The importance of flexible manufacturing in NEV 
production lies in its ability to meet the growing demand for 
sustainable transportation solutions while addressing 
challenges such as: High initial production costs, 
Customization needs, Market volatility and Environmental 
regulations. The integration of flexible manufacturing systems 
helps NEV manufacturers meet consumer demands, adjust 
manufacturing requirements and emission regulations rapidly 
therefore maximizing overall production productivity.  

V. KEY COMPONENTS OF FLEXIBLE MANUFACTURING 

FOR NEVS 

A. Modular Production Lines  

Flexible manufacturing in NEV production includes using 
modular production lines as one of its essential components. 
These production lines allow fast modifications to generate 
diverse models of vehicles and their components as well as 
electric drivetrain elements and battery systems and 
lightweight materials. Modular production lines provide 
several advantages: 

• Scalability: Manufacturers can adjust production 
volumes according to demand without the need for 
significant retooling or redesigning. 
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• Cost Efficiency: The ability to switch between models 
or components reduces capital investment in dedicated 
lines for each vehicle type. 

• Customization: As the demand for customized NEVs 
(such as those with different battery capacities, motor 
configurations, or body types) increases, modular lines 
make it easier to implement these variations without 
significant downtime. 

B. Automation and Robotics 

The production of NEVs relies on necessary components 
through automation technologies and robotic solutions. 
Different automated systems like robotic arms together 
with Automated Guided Vehicles (AGVs) and 
collaborative robots (cobots) complete various activities 
including welding along with assembly work and painting 
tasks and component handling duties [16].  

• Robotic arms are used to handle heavy components 
like battery packs, motors, and vehicle frames, 
reducing worker strain and ensuring consistent quality. 

• Cobots work alongside human operators, performing 
more intricate or hazardous tasks. They adapt to 
changing production needs and assist in tasks like 
installing wiring, sensors, or other delicate 
components. 

• AGVs transport materials and parts throughout the 
factory, enabling seamless logistics and reducing the 
need for manual handling. 

The New Global Architecture from Toyota (TNGA) 
implements modular platforms which benefit traditional ICE 
vehicles as well as EVs by making production simpler and 
economical for various vehicle types [30]. 

C. Digital Twin Technology 

Digital twin technology builds virtual duplicates of 
physical items and operational systems that help 
manufacturers keep their production processes under real-
time observation and optimization control. Manufacturers 
obtain vital equipment performance data along with 
efficiency inspections and equipment failure predictions 
through integrated use of digital twins combined with IoT 
sensors thus ensuring continuous production [29]. 

• Virtual testing and simulation of vehicle components 
or entire production lines before physical 
implementation, reducing lead times and minimizing 
errors. 

• Real-time production monitoring, enabling quick 
identification and resolution of issues. 

• Improved collaboration between design, engineering, 
and manufacturing teams, allowing for more 
responsive adjustments to production specifications. 

D. 3D Printing and Additive Manufacturing 

The technology of 3D printing (additive manufacturing) 
continues to grow in importance for flexible 
manufacturing systems of NEVs. This technology 
accelerates both component design prototyping and makes 
it possible to directly produce certain parts which 
decreases tooling expenses and shortens manufacturing 

durations. Key benefits of 3D printing in NEV 
manufacturing include: 

• Customization: Manufacturers can produce bespoke 
components, such as lightweight parts or unique 
vehicle designs, without incurring the high costs of 
traditional production methods. 

• Rapid prototyping: Allows for quick design iteration 
and testing, speeding up product development cycles. 

• Reduced material waste: Unlike subtractive 
manufacturing, additive manufacturing only uses the 
necessary material, making it a more sustainable 
option. 

• Complex geometries: 3D printing enables the creation 
of intricate, lightweight parts that would be impossible 
or cost-prohibitive to make using traditional methods. 

Local Motors demonstrates the realization of streamlined 
production through their Strati electric car manufacturing 
process because they employ 3D printing to create a unified 
chassis and body framework.  

VI. FUTURE TRENDS AND OPPORTUNITIES IN NEV 

PRODUCTION 

Manufacturers in the automotive industry must maintain 
constant innovation because the industry shifts toward New 
Energy Vehicles (NEVs). NEV industry evolution relies on 
AI-powered smart factories alongside sustainable 
manufacturing practices and supportive worldwide 
regulations and constructive partnerships between 
companies. Figure 7 depicted showing trends in production 
output of NEVs and ICE from 2010 to 2023. 

 
Fig. 7. Production Output Over Time for NEVs vs. ICE Vehicles 

A. AI-Driven Smart Factories and IoT in NEV Production 

New EV manufacturing experiences radical 
transformation through the AI and IoT integration because it 
enables automated processes along with predictive equipment 
maintenance and improved manufacturing output control. 
Smart factories utilize machine learning algorithms in AI 
systems to examine massive quantities of current 
manufacturing data which leads to: 

• Predictive Maintenance: AI systems detect potential 
equipment failures before they occur, minimizing 
downtime and reducing maintenance costs. 

• Real-time Quality Control: AI and computer vision 
technologies ensure that each vehicle meets strict 
quality standards, reducing defects and waste. 
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• Optimized Supply Chains: IoT-enabled tracking of 
raw materials, components, and battery supplies helps 
manufacturers streamline logistics and reduce 
production bottlenecks.  

B. Sustainable and Eco-Friendly Manufacturing Practices 

NEV production is prioritizing sustainability because 
manufacturers use green manufacturing methods to 
minimize their environmental impact during production. 
The future production of NEVs will experience an increase 
in: 

• Renewable Energy-Powered Manufacturing: NEV 
factories are increasingly powered by solar, wind, and 
hydroelectric energy to reduce carbon emissions. 

• Recycled Materials and Circular Economy 
Approaches: More manufacturers are using recycled 
aluminium, plastics, and battery materials to reduce 
waste and promote sustainability. 

• Water and Energy Efficiency Measures: Smart water 
recycling systems and energy-efficient equipment help 
minimize resource consumption during production. 

 

Fig. 8. AI-Driven Smart Factory Operations 

Figure 7 displays essential sustainability measures for 
producing New Energy Vehicles (NEVs). These facilities 
operate with renewable energy sources by implementing solar 
panels and wind turbines for minimizing carbon emission 
production. At its German headquarters the BMW Battery 
Competence Centre operates a sustainable battery recycling 
system that produces both material efficiency and 
environmental benefit [12]. Tesla demonstrates its large-scale 
commitment to sustainable EV manufacturing by operating its 
Nevada factory with renewable energy resources [9].  

C. Global Policies Supporting NEV Production 

     National governments throughout the world are developing 
regulations to boost the adoption of NEVs because 
manufacturers need to support international sustainability 
directions. Key policy initiatives include: production is 
prioritizing sustainability because manufacturers use green 
manufacturing methods to minimize their environmental 
impact during production. The future production of NEVs will 
experience an increase in: 

• Subsidies and Incentives for NEV Manufacturers: 
Many countries offer financial incentives, such as tax 
breaks and grants, to companies investing in NEV 
production. 

• Zero-Emission Vehicle (ZEV) Mandates: 
Governments are introducing regulations requiring 
automakers to meet specific NEV sales targets. 

• Battery Recycling and Resource Management 
Regulations: Countries are enacting laws to ensure the 
proper disposal and recycling of lithium-ion batteries 
used in NEVs. 

Countries like China together with the United States and 
the European Union have issued tough EV adoption demands 
along with future restrictions for new gasoline vehicle sales 
before 2030 [28]. Under the European Union's "Fit for 55" 
program nationwide CO₂ emissions need to decrease by 55% 
by 2030 which necessitates complete automotive industry 
electrification.  

 

Fig. 9.  Sustainable Manufacturing Practices in NEV Production 

D. Emerging Partnerships and Innovations in the NEV 

Industry 

Next-generation NEV production depends on strategic 
alliances along with joint development programs as well as 
technological advancements to decrease production expenses 
and create better technologies. Global NEV manufacturer 
partnerships have evolved in specific ways: 

• Automaker & Battery Supplier Collaborations: 
Companies are forming alliances with battery 
manufacturers to secure a stable supply of next-
generation batteries (e.g., solid-state batteries). 

• Tech Industry & Automotive Partnerships: NEV 
manufacturers are partnering with AI and software 
companies to integrate autonomous driving, vehicle 
connectivity, and smart charging systems. 

• Cross-Manufacturer Platform Sharing: More 
automakers are adopting shared modular EV platforms, 
reducing development costs while improving 
scalability. 

Through their joint effort with BYD Tesla has successfully 
increased NEV production speed in China [34]. Through their 
research collaboration Toyota and Panasonic work on 
developing solid-state batteries to create more powerful NEVs 
with enhanced charging capability [11]. Through its 
skateboard platform Canoo allows several vehicle 
manufacturers to produce different EV models sharing the 
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same chassis structure thus reducing their research and 
development expenses [30].  

E. CONCLUSION 

Industrial planners require flexible production systems 
because New Energy Vehicles have reshaped the global 
automotive industry to enhance operational effectively and 
sustainability and market adaptability. The field examinations 
involving Tesla and Toyota and Canoo demonstrated real-life 
methods for flexible manufacturing which fast-tracked the 
adoption of NEVs. Market success for NEV producers relies 
on adopting smart factories with automation and production 
processes under artificial intelligence control. Companies 
investing in modular factories with expandable infrastructure 
will face changing market requirements better while keeping 
their operational expenditures low. Supplies in battery chains 
require urgent conservation through organized efforts between 
organizations along with complete recycling systems. The 
government should establish effective NEV production 
support through policy incentives such as tax credits and 
subsidies and research grants.  

The future of EV progression relies on developing next-
generation battery systems comprising solid-state 
technologies and hydrogen fuel cells. AI predictive analytics 
require additional study for NEV production since they can 
optimize real-time manufacturing operations and maintenance 
strategies. Future production development of automotive 
operations depends on the investigation of autonomous NEV 
assembly lines. The NEV industry will reach a sustainable 
electrified transportation future by implementing 
technological advancements with supportive policies that use 
sustainable practices to obtain more efficiency and scalability 
and environmental responsibility. 
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