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ABSTRACT 

The advancement of electric mobility is taking us into a new era of the vehicle industry 

where software plays a crucial role in terms of shaping the whole system. This thesis 

investigates the numerous impacts of software-related strategies in the field of electric 

mobility. It also thoroughly examines the impact of software-defined vehicles in the future 

automobile industry. A significant part of the thesis discusses mobile applications created 

by both manufacturers and software development companies. The study also explores the 

Application Programming Interfaces (APIs) in electric mobility and their crucial role in 

terms of a seamless experience. This paper also covers the integration of different software 

engineering techniques like blockchain, Machine Learning, and deep learning in terms of 

solving problems related to electric vehicle batteries and charging station-related problems.  

The barriers behind user adoption have also been discussed and some software-based 

features have also been suggested in the paper for future development. To conclude, the 

thesis provides an in-depth view of the relationship between software and electric mobility 

providing future possibilities which will reinvent the electric vehicle industry.
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1   Introduction 

The study starts with the current electric vehicles (EV) market, forecast trends, and estimated 

market share in the upcoming years. Following that, the several advantages of EV adoption 

including benefits have been discussed. EV’s environmental impact has also been discussed 

with a comparison of lifecycle greenhouse gas emissions. An analysis of different barriers to 

EV adoption has also been discussed here. In the last part, the main research objectives have 

been discussed to give a clear view of the research paper. 

1.1  Global Trends in Electric Vehicle Adoption 

With the recent development of electric vehicles (EVs), the dependency on internal combustion 

engines (ICE) has been rapidly decreasing which led the whole industry in a green, eco-

friendly, and sustainable direction (Olabi et al., 2022). As outlined in a publication by IEA, 

remarkable growth has been seen in electric vehicle sales which exceeded 10 million in 2022. 

Also, globally a growth of approximately 25% (Around 2.3 million) has been seen in the first 

three months of 2023. It is expected that 18% of the cars will be EVs among all the cars sold 

at the end of 2023 (International Energy Agency, 2023).  

 

 

Figure 1: Electric Car user Data (International Energy Agency, 2023) 

 

Figure 1 presents total number of EVs sold was around 2.7 million and in the first quarter of 

2023 it was 3.4 million units for the US which was 1 million in 2022 and 1.6 million in the 
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first quarter of 2023. Here different color represents different countries. 

1.2  Understanding the Motivations Behind Electric Vehicle Adoption 

Multiple factors like environmental concerns, improved technology, government incentives, 

etc. could be the reason why people prefer EVs instead of ICE cars these days. In the process 

of EV-related research for the past few years, a Framework has been proposed (Malmgren, 

2016) where the benefits of EVs are categorized into utilities, participants, and Society. 

Reduction of expenses, steady energy system, and expense of distribution are examples of 

utility benefits. Participants' benefits include increased property value, reduced energy, and a 

comfortable and safe driving experience. Health benefits and low carbon emissions under 

Societal benefit. (Malmgren, 2016). Enhanced efficiency, safety, and ease of use for the use of 

automotive software, reducing manufacturing costs with the use of high-quality software can 

be considered as digitalization and software-based benefits (Vdovic et al., 2019. According to 

a report by the European Environment Agency, a decrease in CO2 emission by passenger cars 

has been seen (6g CO2/KM) compared to the figures recorded in 2021(www.eea.europa.eu, 

2023). 

 

 

Figure 2: Comparison of lifecycle greenhouse gas emissions (Source: IEA, 2021) 

 

From Figure 2, it can be seen that for both base case electric vehicles and high compressed 
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and for Internal Combustion Engine(ICE) vehicles it is 35.9 tCO2e which is 67.41% higher. 

Here, tCO2e means tonnes (t) of carbon dioxide (CO2) equivalent (e) (IEA, 2021). 

1.3  Challenges That Impacting Electric Vehicle Adoption  

Despite the current growth pattern of EV market share, there are still significant barriers that 

are not preventing the EV market from reaching its peak. Some of the major reasons are range 

anxiety, the requirement for frequent charging, and high initial cost. Lack of charging 

infrastructure has also been addressed as a major reason for unwillingness (Goel et al., 2021). 

Battery technology-related issues like limited energy storage capacity, and maintenance issues 

are also liable for people not adopting electric vehicles (Sanguesa et al., 2021). 

1.4  Research Objective 

The objective of this research paper is to explore, assess, and thoroughly document how 

existing software engineering approaches are being used to mitigate EV-related barriers and 

the suggested solutions for future developments. The main objective of the study is to find out  

• RQ1 How are software solutions utilized in EVs? 

• RQ2 What are the key software/applications in the EV? 

• RQ3 Where is the most visible development in the EV sector leveraging Software 

Engineering? 

 

Existing pieces of literature were categorized based on different EV-related themes like electric 

vehicle, electric vehicle battery, electric vehicle charging station, electric vehicle adoption, etc., 

and their solution based on software engineering approaches. 
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2  Data Collection & Literature Review Method 

In this section, the data collection process and the literature review process have been talked 

about. Brief details of the three databases that were directly and indirectly involved in our 

whole research and their data collection process have been discussed. Keyword selection 

criteria which were a major part of the whole research have been talked about. For the research 

paper searching some specific databases was used to keep the relevancy of the research paper 

during the whole process. 

2.1  Data Collection Process 

For this research, different types of data have been collected. one database (See Appendix 1) 

has been created for collecting data for all the available cars based on their brand, model, 

battery power, and availability where 44 brands and 217 EV models are enlisted. Another 

database has been created with charging-related information based on charger type, charger 

name, primary user county, EV charging level, and maximum charging capability (See Table 

4). The last database was made based on EV battery recycling companies based on their name 

and country of origin (See Appendix 2) 

2.2  Literature Review Method 

For the Literature review, the first step was searching for relevant literature in the primary 

stage, the databases were sorted out and research papers related to the research interest were 

sought. The range of the timeline was set from 2019 to 2023. After going through multiple 

numbers of databases, 4 databases were sorted out for research papers. Those databases are 

Google Scholar, IEEE, Scopus, and Science Direct. The main reason for choosing these 

databases was the resources they have, fully aligned with the research interest and they had the 

best resources. For searching papers at first two main keywords were chosen “Electric Vehicle” 

and “Software Driven Vehicle”. To refine the search process three new keywords with Electric 

Vehicles that align with our research interest which are “Battery”, “Charging Station”, and 

“software” were added. For a more refined result other keywords like “Artificial Intelligence”, 

“Machine Learning”, Blockchain” were also used (see Table 1). The reason for choosing 

“Electric Vehicle” is the keyword is broad and foundational and it will fetch a broad result of 

out the databases. Reason for choosing “Electric Vehicle Battery” and “Electric vehicle 
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charging station” is the keywords narrows down the search result and, in our research, the 

reflection of software engineering on EV battery and EV charging station is one of the areas of 

interest. To dig deep into different software engineering implementations “Blockchain”, and 

“Machine Learning” have been added as keywords. It should be noted that the same document 

can appear in many categories, for example, a document name can contain both keywords 

“charging station” and “blockchain”. Here is a list of the keywords below.  

 

Table 1: List of Keywords For Finding Papers 

Main Keywords  Keywords For Extended Search 

Electric Vehicle Electric Vehicle Battery  

 Electric Vehicle Battery Blockchain 

 Electric Vehicle Battery Machine Learning 

 Electric Vehicle Battery Management System 

 Electric Vehicle Charging Station 

 Electric Vehicle Charging Station Blockchain 

 Electric Vehicle Charging Station Machine Learning 

 Electric Vehicle Adoption 

Software Defined Vehicle Software Defined Batteries 

 

It should be noted that the same document can appear in many categories, for example, a 

document name can contain both keywords “charging station” and “blockchain”. Here is a list 

of the keywords below. The papers were chosen for their connection to our research interests 

like digitalization and software engineering integration in the electric vehicle industry and the 

goal was to compile a collection of literature that helps to understand the EV market, Battery 

sector, charging infrastructure, and proposed software engineering-based solution to solve EV 

related issues. 
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3  Digital Revolution in Electric Mobility and the Role of Software 

This chapter has discussed the integration of software systems in electric mobility and its 

various roles in the industry. It also navigates the current market scenario, software-defined 

vehicles, and notable features of software-defined vehicles. The discussion gets extended by 

analyzing different features of electric vehicle-related mobile applications developed by both 

third-party software companies and car manufacturers themselves. It also explores the role of 

APIs in electric vehicles  

3.1  The Software Ecosystem in Electric Mobility 

In this era of digitalization, software has also become an important part of electric mobility 

systems (Kortelainen et al., 2019). Software serves multiple purposes such as monitoring and 

control, data analysis with the help of sensors and control systems, temperature monitoring 

with the help of temperature sensors to prevent battery overheating, etc. (Metso and Happonen, 

2023). Also, by evaluating data, software can find patterns and trends in vehicle performance 

which enables proactive maintenance and reduces downtime (Happonen et al., 2019). In the 

software development industry, multiple mobile apps (See Table 2) have been developed by 

third-party software companies and multiple mobile apps have been developed by car 

manufacturers themselves (See Table 3). A gradual increase of 35% has been seen in the 

average software cost of a car from 2008 and 2020 (Vdović, Babic, and Podobnik, 2019). As 

per the information by a research company Precedence Research, the market valuation of the 

Automotive software industry was 25 billion in 2022 and is expected to experience a growth 

of 16.7% and reach up to 116.62 billion by 2032 (www.precedenceresearch.com, 2023.) In this 

part, the current situation of the software market in the EV industry, software-defined vehicles 

and their features, and available mobile applications for EVs developed by third-party 

developers and car manufacturers will be discussed. 

3.2  Role Of Software in the Evolution of Electric Vehicles 

Electric mobility is getting more popular day by day due to its ability to minimize greenhouse 

gases and dependency on fossil fuels (Alanazi, 2023). Its benefits include many vital factors 

like less CO2 emission, data-based management of cars as fleets of assets (Happonen et al., 

2017), more driving safety than ICE vehicles, recyclability of most of the components, etc. In 
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terms of EVs, software has major advantages over mechanical parts as the upgrades and 

improvements of the vehicle depend on software not on any mechanical part (dirox.com, 2023.) 

In the near future, It has been estimated that in future the total cost of software and electric 

hardware will surpass the price of hardware in cars. This means that it can affect the price of 

electric vehicles too as software is more scalable and less expensive than physical components. 

According to an article published by Deloitte, it has been assumed that by 2030, 30% of a car’s 

total price will be the software and electronic hardware which is currently below 10%  

(Software-Defined Vehicles A Forthcoming Industrial Evolution, 2023). By the report from 

Mckinsey & Company, it can be seen that the automotive software market is expected to grow 

by over double in size from $31 billion in 2019 to around $80 billion in 2030, indicating a 

Compound Annual Growth Rate (CAGR) of more than 9% (www.mckinsey.com, 2023). 

3.3  Software-Defined Vehicles  

Software-defined vehicles (SDVs) are the kind of vehicles in which software plays a major role 

in their performance and functionality (Kampmann et al., 2022). In traditional vehicles car 

engines, interior, exterior, and built quality play the major role whereas in SDVs, software 

makes the main difference. Vehicle safety, in-car entertainment, and even in-vehicle design 

software play an important role. In SDVs, vehicles can be maintained through a central 

management system and it’s the software that makes all the updates and customization of the 

vehicle. In Traditional Electrical/Electronic systems there is a dependency on an Electric 

Control Unit (ECU) for any kind of vehicle-related information whereas in SDV everything 

depends on the software. In SDVs, different types of vehicle-related data are shared among 

different cars which makes the user experience more seamless as all the upgradations are data-

driven. In the traditional system, each component works as an individual entity whereas in 

Software Defined Vehicles they rely on service-oriented architecture (SOA) which allows 

multiple applications to work together (“The Future of Automobiles,” 2023). Software-defined 

vehicle Cloud (SDVC) and Extended Software-defined Vehicle Cloud (ESDVC) are the two 

main layers for software-defined vehicles. Software-defined vehicle cloud dynamically 

manages the control and resource utilization of the vehicle cloud by centralizing the overall 

knowledge Extended software-defined vehicle cloud extends SDVC by integrating network 

function virtualization (NFV) for dynamic and adaptive vehicle cloud maintenance and 

network slicing management. (Nkenyereye et al., 2023) 
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3.4  Notable Features Of SDV’s  

SDV has some notable features and those are making the differences between traditional 

vehicles and software-defined vehicles. Some of the major features are Over-the-Air (OTA) 

software updates, connected vehicle technologies, and Autonomous driving capabilities, even 

though the autonomy of the vehicles is partially still limited by the maturity of sensor 

technologies (Happonen et al., 2022). Here their functions are discussed below: 

Over-the-Air (OTA) Software Updates: In SDV usually a centralized system controls the 

software updates for all the vehicles, and it directly interacts with the vehicle and doesn’t 

demand any physical connection. After receiving the update from the central system vehicle 

install the package in the system and replace the old software. Before the installation, it requires 

verification to ensure the authenticity of the software and to prevent any kind of malware attack. 

(Malik et al., 2022) 

Connected Vehicle Technology: It is a major feature of modern SDVs that ensures seamless 

communication with the internet and other vehicles. Vehicle-to-vehicle (V2V) communication 

is used by connected vehicles to communicate with surrounding vehicles about location, speed, 

and direction. This helps SDVs to share real-time data between vehicles which also ensures 

safety by avoiding collision on the road. It also uses vehicle-to-infrastructure (V2I) to receive 

information about traffic conditions, road hazards, and traffic signal timings, improving traffic 

flow and efficiency. (Sadio et al., 2020) 

Autonomous Driving Capabilities: Autonomous Driving Capabilities in SDVs are a sign of 

significant advancement in the automotive industry. It allows SDVs to operate the car without 

any human interaction. SDVs use a variety of sensors, including radar, lidar, and cameras, to 

sense their surroundings and collect information about other objects, cars, and pedestrians. (Cui 

et al., 2019) 

3.5   Available Mobile Applications for Electric Vehicle Users 

With the rising demand for mobile applications, and software in the vehicle industry different 

software companies have started developing mobile apps, and software for EV users. They 

serve different purposes. Most of them are based on locating charging stations and charging 

prices but they have their unique features too. Here is a list of some of the mobile apps and 

their features in Table 2. 
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Table 2: EV Mobile App For by software development companies (Source: 

https://steerev.com/, 2023) 

App Name Pricing Operating System Features 

PlugShare Free Android/iOS • Locates charging station 

• Real-time information about charging pricing 

• Community-driven network where user can share 

information about charging stations and even can 

share photos  
ChargePoint Free Android/iOS • Helps to locate charging station 

• User can book charging spot 

• Gets real time charging price update 

Steer EV Free Android/iOS • Electric car choosing 

• Swapping car 

• Adding secondary driver 

A Better 

Routeplanner 

Free Android/iOS • Trip Planner 

• Charging station locator 

• Customized route plan according to vehicle model, 

battery capacity and charging status 

ChargeHub Free Android/iOS • Helps to locate charging station 

• Most extensive charging station network 

• Charging stations can be filtered according to charger 

type, payment option 

 

Here from Table 2. It can be seen that none of the apps have a subscription fee, Plugshare, and 

ChargePoint provide real-time charging information. PlugShare has a unique feature that is 

community driven and ChargePoint allows pre-booking of the charging stations. 

3.6  Apps Developed by Car Manufacturers: 

Different car manufacturers have developed apps. Table 3 provides an overview of some of the 

mobile apps developed by car manufacturers and each of them has their unique features. For 

example, the Tesla app differentiates itself from others with its remote heating mode whereas 

the app developed by Nissan has a vehicle health monitoring feature. BMW app has its frequent 

upgrade feature and Ford has integrated a warranty feature with their app. Tesla also has this 

unique feature dog mode in their app which is a feature to protect pets when their owners are 

out of the vehicle and their pets are still inside the car (Evannex, 2023). Overall, it can be seen 

that all the apps have some basic features in common like battery status, car status, navigation 

monitoring, etc. 
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Table 3: EV Mobile app developed by Car Manufacturers (Source: Model 3 Owner’s Manual, 

2023; MY BMW APP, 2023; Nissan, 2023; www.chevrolet.com, 2023; www.ford.com,2023; 

www.audiusa.com, 2023,) 

App Name Features 

Tesla App • Users can see vehicles' estimated range 

• Different driving mode 

• Lock/unlock vehicle 

• Charging information 

• Dog mode 

• Can put the car on heat 

• Map Navigation 

My BMW App • Car heating/cooling 

• Map Navigation 

• Easy access to BMW customer service 

• Frequent upgrades and feature expansions  
Nissan Connect Services • Car Locator 

• Speed Alarm 

• Tire pressure  

• Oil Pressure  

• Airbag Status 

My Chevrolet App • Vehicle Status 

• Charging Point Locator 

• Route Planning  
Fordpass App • Fuel Level 

• Vehicle health update  

• Warranty Details 

• Repair Service 

My Audi App • Track Vehicle 

• Finding Charging Station 

• Plan and manage charging 

• Booking Maintenance 

 

3.7  Application Programming Interfaces (API) in Electric Vehicles 

An electric vehicle (EV) API allows to get and send data from a 4 G-enabled vehicle. 

Information like the condition of the charge, charge pricing, charging point location, etc. are 

being received from the vehicle and information such as when to start charging and when to 

stop is sent to the vehicle through APIs (enode.com, 2022). The connectivity in almost every 

EV, facilitated by APIs (Application Programming Interfaces), enables data exchange between 

vehicles and energy management applications and it does not require extra hardware (“Electric 

vehicles ( Enode,” 2022). There are some APIs developed by different software companies and 

they have different functionalities. Smartcar API helps with easy location of electric vehicles, 
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real-time monitoring of state of charge (SoC), and control of charging via simple requests its 

Key features include retrieving battery levels, checking charging status, remote start/stop of 

charging, reading battery capacity, and managing charge limits (“Smartcar for EVs · Product · 

Smartcar,” 2023.). Enode’s API facilitates good communication between the vehicle and 

various systems, emphasizing its role in transferring important data, including state-of-charge 

(SoC), charge rate, and location with other functionalities, such as smart charging, charging 

statistics, public EV charging, route planning, and fleet management (“The ultimate guide to 

Electric Vehicle (EV) APIs (2022) | Enode,” 2022). High Mobility's electric vehicle (EV) API 

provides standardized access to real-time datasets from sensors and embedded systems of 

connected EVs and involves subsystems like battery management, drive telemetry, charging 

logs, and location pings (“Best EV API for Developers,” 2023.) Google Maps Platform 

introduces a new Places API, helping to make developers' capabilities to share diverse 

information from Google Maps better which includes features like real-time electric vehicle 

(EV) charging station data, providing users with essential information on station availability, 

compatibility, and max charging speed (Google Cloud Blog, 2023).Among the vehicle 

manufacturers The Mercedes Benz electric Vehicle Status API is a tool for approved third-

party apps to remotely retrieve information, about the state of vehicles on behalf of Mercedes 

Benz (developer.mercedes-benz.com, n.d.). Tesla’s FleetApi is an API that provides access to 

Tesla vehicles to third party developers but that should be allowed by the customer (“Overview 

– Tesla Fleet API,” 2022.). With all the available information based on discussed APIs, a use 

case table has been shown in Table 4. 
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Table 4: Use Case of Electric Vehicle API 

Use Case API 

Provider 

Key Features 

Real-time Monitoring and 

Control 

Smartcar  • Retrieve battery levels 

• Check charging status 

• Remote start/stop of charging 

• Read battery capacity 

• Manage charge limits 

Communication and Data 

Transfer 

Enode • Transfer important data (e.g., state-of-charge, charge 

rate, location) 

• Smart charging 

• Charging statistics 

• Public EV charging 

• Route planning 

• Fleet management 

Standardized Access to EV 

Datasets 

High 

Mobility 
• Access real-time datasets from sensors and embedded 

systems 

• battery management,  

• drive telemetry 

• charging logs 

• location pings 

Real-time Charging Station 

Information 

Google • Access real-time EV charging station data from Google 

Maps Provide users with information on station 

availability 

• Compatibility 

• max charging speed 

Remote Information 

Retrieval for Mercedes Benz 

Mercedes 

Benz  
• Retrieve information remotely  

• Retrieve state of vehicles  

Third-party Access to Tesla 

Vehicles 

Tesla  • Provide access to Tesla vehicles for third-party 

developers 

•  Requires customer permission 

 

This use case table (Table 4) shows that EV APIs have different aspects such as monitoring 

and controlling functionalities, communication and data transfer capabilities, access to 

datasets, real-time charging information, etc. APIs developed by vehicle manufacturers mainly 

allow access to vehicle information through their APIs.  
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4  EV Charging Station and Software Engineering-Based Solution Of 

Charging Station-Related Problem 

In this section varieties of electric vehicle chargers, different charging levels and charging ports 

have been discussed. The complexities of electric vehicle charging costs and infrastructure 

development and software engineering approaches to solve them have also been investigated. 

Different software engineering solutions for developing a successful charging network have 

been mentioned. The contribution of blockchain, machine learning (ML), and deep learning 

(ML) in charging station research has also been addressed. 

4.1  Diversity of Electric Vehicle Chargers  

The increasing number of EV registrations is considered to be the main catalyst behind this 

progress. (www.eea.europa.eu, 2023) As the consumption of EVs has seen exponential growth 

there has been much research and development going on in the EV charger and charging station 

field. EV chargers are divided into two types of AC chargers and DC Chargers and both of 

them have their sub-categories. AC chargers have two types of plugs, single-phase plug is 

called Type-1, and Triple-phase plugs are called Type-2. On the other hand, DC Chargers have 

two types of Plugs CHAdeMO which is a quick charger with a charging capacity, and CCS 

which is an upgradation of Type-2. 

4.2  Understanding The Levels of Electric Vehicle Charging  

Table 5 shows that there are three levels of charging in terms of EV Charging, Level-1, Level-

2, and Level-3. Level-1 Charging plugs that come up with all the EVs in the US are compatible 

with any 120v charging port so EV owners can charge their vehicles in their homes, offices, or 

any other regular places, The highest power of charging is 2.4 kW which makes it the slowest 

option among all three levels In terms of Level 2 charging the charging port needs to be 240V 

and the maximum power is 12 kW and mostly installed in public places or housing 

communities. Lastly, Level-3 charging which is considered the fastest one has a range of 36-

40 kW and requires a voltage of 200-600v Range and is mostly installed in commercial areas 

like gas stations, shopping malls, and commercial areas. (Mastoi et al., 2022). Also, Superfast 

chargers HPC can be charged up to 100kW up to 350kW. Some DC fast charging can be 

charged up to 350 kW for example Audi has 800V fast charging with 270 kW 
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Table 5: EV Charging Port Types and Charging Capability (Source: Spendiff-Smith, 2023) 

Charging 

Port 

Type 

Connector Name Primary Countries EV Charging 

Level 

Maximum Charging 

Capability 

 

 

AC 

Type 1 - J1772 USA, Canada & Japan Level 1, Level 2 3.3 kWh - 19.2 kWh 

GB/T China Level 1 7.4 kWh 

Type 2 (Mennekes) Europe, UK, Middle 

East, Africa, Australia 

Level 2 22 kWh 

 

 

 

 

DC 

CHAdeMO 

 

Mostly Used in Japan Level 3 50 kWh (First Version) 

400 kWh (Upgraded Version) 

CCS 1 US, Canada, South 

Korea 

Level 3 360 kWh 

CCS 2 Europe, UK, Middle 

East, Africa, Australia 

Level 3 360 kWh 

GB/T China Level 3 237.5 kWh 

Tesla USA Level 2, Level 3 250 kWh 

 

4.3  Complexities of EV Charging Costs and Infrastructure 

Electric Vehicle Charging Infrastructure plays a vital role in terms of adopting electric vehicles 

as they work as an alternative to refueling stations. As per the report published by Statista, till 

2022 approximately 535,700 EV Charging Stations were installed throughout Europe including 

Turkey (“Europe,” 2023.). According to a report published in 2021 by McKinsey & Company 

1,600 charging stations per week were the installation rate of EV charging stations and the 

target is 6,000/week by 2023 and 10,500/week by 2030. While installing the charging stations 

certain things should be kept in mind to ensure a tension-free driving experience such as the 

pricing of charging, and the source of the electricity of the charging station (Metais et al., 2022). 

Also, public charging stations should be installed in a convenient place so people who don’t 

have a home charging facility can easily access them. In the matter of charging costs several 

factors like EVCS’s location, structural expense, and unit pricing of electricity. Although a 

recent study suggested a standard for pricing for EV charging and charging facilities for the 
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USA for Europe, it has still not been figured out which is a hindrance to reaching the EU’s 

2030 CO2 emission goal (Lanz et al., 2022). 

4.4  Leveraging Software Engineering for Electric Vehicle Charging Solutions  

For the past few years, various research has been going on Electric Vehicle charging. For 

example. Researchers have investigated different aspects like charging station infrastructure 

design (Sen and G, 2023), Modeling of an electric vehicle charging station for fast DC charging 

(Arancibia and Strunz, 2012) Smart Charging Strategy for Electric Vehicle Charging Stations 

(Moghaddam et al., 2018) etc. Other sectors related to charging stations like infrastructure 

design, ongoing trends in EV charging systems, secure charging systems, Fast charging, Data-

driven charging systems, etc. Here some addressed problems and suggested solutions using 

software engineering will be discussed. 

4.5  Software-Based Solution in Charging Station-Related Research 

The research conducted by Ekren et al.(2021) showcases a wind-solar hybrid energy charging 

station designed and optimized with HOMER software to overcome the challenges associated 

with establishing efficient and sustainable charging stations. HOMER was created by the US 

Department of Energy's National Renewable Energy Laboratory (NREL). Utilizing it helps to 

maximize the performance of hybrid energy systems during design. Multiple input values are 

considered by HOMER, including storage, electrical load, component pricing, and the kind and 

composition of energy sources. Researchers can use it to examine the technical and financial 

elements of hybrid energy systems, which makes it an important tool for producing electricity 

in a more environmentally friendly manner. To determine the most effective outcomes from 

the optimization process, the study investigated 143 distinct scenarios with 99 different 

combinations of wind-solar hybrid energy systems. The best possible combination of 44.4% 

wind and 55.6% solar energy produces 843,150 kWh of electricity annually for $0.064 per 

kWh of output. The study by Petrusic and Janjic,(2021) provides a multicriteria methodology 

which refers to a decision-making strategy in the scheduling of a hybrid EV charging station 

that considers several criteria or objectives such as the quantity of renewable energy used in 

the charging process, total system expenses, and the rate of battery degradation. It may be 

applied to any commercial EV charging station. The driver's preferences on the amount of 

renewable energy share can be readily implemented in a charging software program. "Gowri 

and Sivraj's (2021) work suggest a software framework with communication capabilities 
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through Arduino, an ESP8266 Wi-Fi modem, and CAN modules to establish specific 

operations like measuring energy use, charging slot reservation, locating charging stations, and 

queuing positions in a single platform. The CMS the EV user and the charging station (CS) to 

communicate by allowing the user to choose a nearby charging station (CS), send charging 

requests, and receive responses depending on data received from the CS. 

4.5.1  Use Of Blockchain Technology in Charging Station-Related Research 

 (Fu et al., 2020) proposed a revolutionary EV charging system that manages and records 

charging data using consortium blockchain technology, assuring openness and fairness for both 

new energy providers and EV customers. The problem they have addressed in this paper is that 

EV users encounter in finding suitable charging facilities because new energy providers 

maintain charging stations separately for their interests and charging information is not 

transparent to users. To ensure transparency and reliability Consortium blockchain technology 

is used to store the charging information-related data. The charging system captures crucial 

data from businesses, such as real-time charging demands of EV users and vacant charging pile 

information, which is subsequently recorded on the blockchain. Transaction information is also 

maintained by blockchain. Lasla et al.2020) proposed a blockchain-based energy trading 

architecture that was suggested for EVs which will not only allow EV users to get low-cost 

electricity, and plan charging efficiently but also allow clean energy producers to supply 

energy. The design uses a private Ethereum network as well as a smart-contract-based trading 

platform. It doesn’t need a change in existing infrastructure as it depends on the current billing 

and metering technology of power distribution companies. Here blockchain technology ensures 

transparency between both parties and the smart contract determines the energy trading logic 

between the user and the provider and the suggested reward mechanism suggests a win-win 

situation for both parties. But when the problems related to cryptocurrency are investigated it 

can be assumed that this solution won’t last longer (Terekhova et al., 2022). Kim et al.(2019) 

focused on the security problems of EV charging and proposed a secure charging method using 

blockchain technology that ensures key security, safe mutual authentication, confidentiality, 

and efficient billing. The suggested method uses Burrows-Abadi-Needham logic to enable safe 

mutual authentication between EV and Electric Access Gateway (EAG) while preventing 

replay and man-in-the-middle attacks. To preserve confidentiality, all EV variables, including 

identification, are hashed, or encrypted. The suggested pricing system includes safe mutual 

identification, which protects user privacy by authenticating the identity of the individuals 

involved without disclosing personal data. The forward secrecy ensures that even if the hackers 
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get access to any data, they can’t decipher any previous data related to past transactions. 

Describing a blockchain-based energy trading system, Huang et al. (2021) proposed day-ahead 

and real-time markets for electric vehicles so that it can increase the total profit for buyers and 

sellers and improve the overall welfare of society. The described model shows a 22.79% 

increase in total profit for the buyers, a 53.54% increase for sellers, and a 19.5% decrease in 

the peak load. In this suggested model two markets are involved day-head market and real-time 

market. In the day-ahead market EV users submit their asking price to buy or sell energy 

beforehand and then using a smart match mechanism the charging system manager ensures that 

both personal interest and social welfare are being matched. Blockchain is used so the 

agreement between the buyers and sellers is transparent and unchangeable. In the Real-time 

market, the charging system manager updates the most recent trading results by overseeing 

current trading operations and updates the latest trading results. The main purpose of the real-

time market is to utilize the available extra energy effectively which brings a large margin of 

profit for both the buyers and sellers. Addressing issues of transparency and trust in payment 

and energy trading for electric vehicles, Khan and Byun (2021) proposed a blockchain-based 

peer-to-peer energy trading and charging payment system. The use of Hyperledger Fabric 

ensures the elimination of human interference which makes the process more trustable, 

transparent, and private. Smart contracts ensure that bills are generated and implemented 

automatically based on existing regulations and bills are paid through digital wallets which 

ensures safety and transparency. To mitigate overcharging of service providers blockchain 

technology has been adapted that makes the system more trustworthy. 

4.5.2  Software Engineering Approaches in Charging Station-Related Research 

Zhu et al.(2019) examined various methods of deep learning algorithms and found that the 

LSTM ( Long-Short-Term-Memory) method surpasses all others and cuts the forecasting error 

by over 30% than existing artificial neural network models EV charging load forecasting. 

Current load forecasting approaches are insufficient for the disorganized charging of EVs. 

LSTM method is empowered by big data which can incorporate long-term relationships that 

generate solid predictions for EV charging loads. The LSTM method can efficiently use real-

world data to achieve high forecasting accuracy. (Dorokhova et al., 2021) address the challenge 

of EV charging and focus on deep reinforcement learning (RL) to manage EV charging by 

improving photovoltaic self-consumption and EV state of charge. The suggested methodology 

shows reliable and scalable EV charging solutions for real-time deployment. Insufficient EV 

charging methods may result in high peak load and low self-consumption of solar electricity 
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that affects the grid performance and regular control methods aren’t effective in charging 

optimization. Deep RL has some advantages over conventional control approaches because it 

is model-free and minimizes the necessity to define the entire dynamics of the environment. 

Shin et al. (2020) proposes an innovative solution for EV charging stations, integrating energy 

storage systems and photovoltaic power generation. For improved energy management in 

Electric Vehicle Charging Stations (EVCS), the study suggests using reinforcement learning 

methods and their extensions to multiagent systems for learning in distributed multiagent 

collaboration. Learning and adapting the dynamic characteristics of the charging system 

reinforcement algorithm can optimize the use of energy of a charging station. This algorithm 

can effectively distribute and allocate energy that increases the efficiency of the charging 

station. It can respond according to changing conditions and user demand. The multiagent 

feature can collaborate with other charging stations and increase scalability. Sultanuddin et al., 

(2023) contributed to the field by suggesting a reinforcement learning-based charging 

management system to avoid uncontrolled EV charging and this developed system minimizes 

the fluctuation of overall load by 68%. The proposed approach uses deep Q-learning and an 

optimization technique which makes the system adaptable and scalable. Utilizing an improved 

reinforcement learning charging management system modifies the charging plan in response 

to actual operating conditions like the vehicle's departure time and energy needs when it 

reaches the charging station. Gaussian distribution policy function-based EV charging control 

method has been proposed by Yan et al. (2021) which allows for continuous control and higher 

precision in a realistic scenario. Charging decisions are often affected by user behavior like 

driver choices, circumstances, and charging location. They found a connection between 

driver’s behavior and electricity price with charging location. The paper proposed a method 

that is a combination of Deep Reinforcement Learning (DRL) and Supervised Learning (SL). 

DRL is used to learn the optimal charging control strategy by interacting with the environment 

and SL is used to train the policy network that allows the network to learn the charging control 

strategy based on known optimal decisions.  
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5   Transformative Role of Software in Battery Management for 

Electric Vehicles 

Within this segment of the paper, the current scenario of lithium-ion batteries and the need for 

effective recycling methods. After that advancement of lithium-ion battery recycling has been 

discussed. Then a data analysis on battery power was done based on the data collected about 

available & and upcoming models of electric vehicles. Also, a promising technology, software-

defined batteries has been addressed. Finally, other proposed software-based solutions in 

battery management, incorporating blockchain technology, machine learning algorithms, and 

innovative balancing control methods were discussed. 

5.1  Lithium-Ion Battery Trends, Challenges, and Circular Economy Goals 

There are different types of batteries are used in EVs, on account of having advantages like 

more energy storage capacity Lithium-ion batteries are preferable to both their predecessors 

and successors (Liu, Placke, and Chau, 2022). Due to the high demand for Electric Vehicles, 

the lithium-ion battery demand has also experienced a steep increase of 65% in 2022 than the 

previous year (IEA, 2023). Since these Lithium-Ion batteries have a certain lifespan so it's 

recycling has become a crucial issue in today’s world. Anticipated global sales of 23 million 

electric vehicles by the year 2030 may result in the generation of approximately 5.75 million 

metric tonnes of retired batteries by 2040, assuming an average battery lifespan of 10 years and 

an average weight of 250 kilograms per battery pack (International Energy Agency, 2019). To 

encourage the circular economy for lithium-ion batteries, the EU has established regulations. 

These regulations include mandatory minimum recycled content levels for different battery 

types, initially set at 16% cobalt, 85% lead, 6% lithium, and 6% nickel, with a requirement for 

recycled content documentation. Targets for lithium recovery include 50% by 2027 and 80% 

by 2031 (Council adopts new regulation on batteries and waste batteries, no date).  

5.2  Advancements in Lithium-Ion Battery Recycling  

The rise in recycling of lithium-ion battery (LIB) waste, which is fueled by valuable metals 

like cobalt and lithium, creates a significant challenge in the development of economically 

effective methods for their extraction. Sorting and processing batteries according to cathode 

chemistry could be one potential solution to this problem. (Kushnir, 2015). Despite their high 
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operating costs due to the significant value of transition metals, current recycling efforts for 

lithium-ion batteries (LIBs) focus primarily on valuable metals. They use techniques like 

pyrometallurgy and hydrometallurgy to disassemble and chemically process LIBs containing 

cobalt and nickel, yielding compounds (e.g., CoSO4, NiSO4, Li2CO3) suitable for the 

synthesis of new cathode materials (Xu et al., 2020). 

5.3  Distribution of Battery Capacities in the Electric Vehicle Market 

During our research, data was collected from the EV market based on the available models and 

upcoming models announced by the different manufacturers and prepared a database based on 

their brand, model, availability of battery power, and annual sustainability report. After 

analyzing the data.  

 

 

Figure 3: Battery Power of Currently Available EVs in the Market (Both Available and 

Upcoming) 

 

After analyzing the data from Figure 3 it can be seen that, 

1. 10.8% of Electric Vehicles (EVs) have a Battery Capacity power of less than 40 kWh. 

2. 17.5% of EVs fall within the 41-60 kWh Battery capacity. 

3. 28.4% of EVs fall within a battery capacity range from 61 to 80 kWh. 

4. 19.1% of fall within a battery capacity range of 81-100 kWh. 

5. 24.2% of EVs battery capacity exceeds 100 kWh 

With this analysis, it can be concluded that 61 kWh to 80 kWh share the largest portion which 

indicates that cars with mid-range battery power still dominate the market whereas battery 

capacity of more than 100 kWh shares. 24.2% of the market indicates that manufacturers 
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prioritize consumers' demand of high storage batteries which will lead to the extensive driving 

range whereas there will still be low-range and mid-range electric vehicles in the market. 

5.4  Software-Defined Batteries 

Software-defined Batteries could be a solution to mitigate battery longevity-related issues in 

electric vehicles. If the battery used in EVs can be software-defined it can bring a major change 

in the whole battery management system and increase its longevity, efficiency, different modes 

of battery failure, and even battery fire risks. Although it’s in the development phase if SDB’s 

concept can be turned into a product it can be expected that it will solve most of the battery-

related problems. 

5.4.1  What Is a Software-Defined Battery 

 Badam et al.( 2015) discussed about SDB. Software-defined battery which is a combination 

of hardware and software where different battery chemistries like energy density, production 

expense, maximum power, charging time, and effectiveness will be merged into a single 

battery. If compared with traditional batteries, SDB will have a swapping facility of battery 

characteristics based on application and user needs that will improve the overall performance 

of the battery. The operating system in an SDB can control different characteristics of software 

like charging time and supplied amount of power according to the needs of that device or 

vehicle. The API in SDB’s Hardware-software system can control the charging amount in the 

battery. It can also maximize the. Battery performance in terms of energy density, price, 

maximum power, recharge time, durability, and efficiency. In this research, it is shown through 

simulations and microbenchmarks that combining different properties of batteries makes the 

battery performance better and can mitigate the limitations of traditional batteries. For example, 

in traditional batteries, none of them can have all the vital factors rather some properties conflict 

with each other. For example, it's not possible to have high power densities and high energy 

density per unit volume or high energy density per unit weight in the same battery. Another 

example can be a battery with a fast-charging rate with longer longevity isn’t feasible as fast 

charging hampers the battery's health in the long run. The aim is to combine the major 

properties like energy capacity, cost, cycle count, and longevity in a single battery with the 

help of APIs which will connect the operating system and hardware.  
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5.4.2  How Software-Defined Batteries (SDB) Can Benefit Electric Vehicles 

In the past few years, the one major thing that has been the hindrance to adopting EVs for 

general consumers is range anxiety. SDB could mitigate range anxiety for consumers and 

ensure a seamless driving experience for them. Since SDBs will be controlled by an operating 

system they can alert the user about battery deterioration and any kind of upcoming hazardous 

events that may occur. Keeping the production cost low is another major problem SDB is 

aiming to solve, so it will play a vital role in keeping the overall EV production cost low. SDB 

will ensure a fast-charging rate without interrupting its longevity so the consumer won’t have 

to worry about battery replacement in the long run and it will ensure a long-term warranty for 

the EV batteries. SDBs will also help car insurance companies to revise their policy and it will 

be a win-win situation for both owners and the insurance company as the battery lifetime could 

be thoroughly monitored. 

5.5  Other Proposed Software-Based Solutions in Battery Management: 

 The study by Florea and Taralunga, (2020) introduced a blockchain-based battery management 

solution where Ethereum and IOTA (a cryptocurrency and distributed ledger technology 

designed for the Internet of Things) were used as the network and data layer that ensured a 

data-driven solution for the battery management system. Ethereum is used for establishing 

smart contracts. Smart contracts ensure that transactions are executed only when specific 

conditions are met, providing security and transparency. The system estimates the remaining 

power in EV batteries by measuring the battery voltage and using an equation to calculate the 

remaining charge. It can’t determine when the battery needs to be changed but it can determine 

the remaining power of the battery and gives a clear view about the state of the battery to the 

user. Addressing battery degradation through blockchain technology, Gowda (2021) presented 

a Battery Management System (BMS) framework that tracks the State of Charge (SOC) and 

State of Health (SOH). Those are measured using data extracted from batteries' voltage, 

current, and temperature. Battery specifications and engineering economic principles are 

incorporated to estimate the battery degradation cost. Blockchain ensures the accuracy of 

battery degradation by constantly tracking and upgrading the degradation cost using charging 

and discharging data. The use of blockchain also ensures the accuracy and transparency of the 

degradation data. Chandran et al. (2021) demonstrated the application of machine learning 

algorithms, such as ANN and GPR, in determining the SOC of lithium-ion batteries. The 

algorithms that are used in this research paper are artificial neural network (ANN), support 
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vector machine (SVM), linear regression (LR), Gaussian process regression (GPR), ensemble 

bagging (EBa), and ensemble boosting (EBo). Based on their performance ANN and GPR turn 

out to be the most suitable ones for determining the SOC of a battery. Introducing a machine 

learning-based balancing control algorithm, Duraisamy and Kaliyaperumal (2021) aimed to 

enhance cell balancing in Battery Management Systems (BMS) by addressing variables such 

as temperature increase and cell imbalance. Long short-term memory (LSTM), radial basis 

neural network (RBNN), and back propagation neural network (BPNN) methods are used to 

assess the performance of the suggested system. The study by Van Mierlo et al.(2021) covered 

various aspects of EV market consideration, environmental impacts, vehicle components, 

battery material science, charging infrastructure, and power electronics engineering. In terms 

of EV battery-related issues use of Solid-state batteries, self-healing batteries, embedded 

sensors, etc. has been playing a vital role in terms of solving those problems. The challenges 

that have been addressed are poor wetting between lithium and solid electrolyte, and the 

requirement for safety procedures that can be met by machine learning algorithms for battery 

testing, disassembly, remanufacturing, and usage.  
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6  Addressing Barriers to Electric Vehicle Adoption 

In this chapter first, EV adoption rates among different countries of Europe and how far we are 

from reaching the sustainability goal of being carbon neutral have been discussed. Following 

that the early issues of EV adoption has been addressed and how prices of batteries are getting 

lower, and battery is getting more powerful. In the later parts, it has been addressed how 

psychological and behavioral issues like lack of customization choices, cultural factors, design, 

etc. can impact EV adoption. 

6.1  Assessing the Progress and Challenges in EV Adoption 

Throughout the last decade EV adoption has been experiencing a steady increase due to several 

factors, among them environmental regulations is the major one. Different countries have 

different statistics in terms of EV adoption. Such as the EU has experienced a significant 

increase in terms of electric vehicle adaptation till 2021. As per a report by the EU in 2021, EU 

members have witnessed a huge growth in adaption than the previous year Countries like 

Finland (+136%), Croatia (127%), and Italy (+122%) have experienced a remarkable increase. 

(“Electric vehicles and energy generation statistics,” n.d.). But the number is still less compared 

to an overall number of European cars fleet. Another report by the EU shows that BEVs are 

1.2% of the cars available in EU countries and this number needs a remarkable increase to 

reach the climate-neutral goal of 2050 (“New registrations of electric vehicles in Europe,” 

2023).  

6.2  Initial Adoption Issues and Solutions 

There are some adaptation challenges in terms of electric vehicles which should be addressed 

and resolved soon. Initially, the major problems that were identified were the pricing, driving 

range, and charging times (Chan et al., 2009), But these primary issues are being solved and 

its’ being considered. For example, battery-specific energy has seen notable advancement 

which was 110 Wh/kg and increased to 250 Wh/kg in 2020 and is expected to be 450 Wh/kg 

by 2030. Battery energy density has also experienced a major change as it was 310 Wh/L in 

2010, now it is 580 Wh/L and expected to be 1100 Wh/L by 2030. Even the costs of battery 

has experienced a reduction, It was 1000 €/ kWh in 2010, now it is 130 €/kWh and expected 
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to be less than 80 €/kWh by 2030. (Van Mierlo et al., 2021). Different research paper has 

suggested different solutions in terms of solving these problems. 

6.3  Behavioral Adoption Issues 

 Van Mierlo et al.,(2021) comprehensively explored various aspects of EVs market 

consideration, environmental impacts, vehicle components, battery material science, Charging 

infrastructure, and power electronics engineering. In terms of EV battery-related issues use of 

Solid-state batteries, self-healing batteries, embedded sensors, etc. has been playing a vital role 

in terms of solving those problems. The challenges that have been addressed are poor wetting 

between lithium and solid electrolyte, and the requirement for safety procedures that can be 

met by machine learning algorithms for battery testing, disassembly, remanufacturing, and 

usage. It has also addressed that a legal framework for second-life batteries should be 

introduced. The self-healing battery concept has also been discussed as a future technology of 

encapsulated self-healing molecules, which are made up of therapeutic substances housed in 

microcapsules. By giving the correct stimulus, the healing chemicals can be released when 

needed. This paper acknowledged that the unavailability of charging infrastructure is still an 

issue, especially for people living in urban areas. It has been suggested that integrating Wide 

band gap (WBG) power electronics interfaces can make the charging infrastructure more 

efficient. The importance of further research on V2G (Vehicle to Grid) for the energy 

management of decentralized energy systems has also been mentioned. About the 

environmental impact of EVs, it highlights that using renewable electricity to power electric 

vehicles could further cut carbon dioxide emissions by almost ten times (Van Mierlo, 2018). 

Examining personal traits and their correlation with electric vehicle usage Pichelmann et al., 

(2013) conducted a field study for 6-month period where 56 people leased an electric vehicle 

and their user data like the user's driving distance, duration of use, days of ownership, and the 

number of days the EV was owned were collected through data logger recording. The result of 

the survey indicates that an average person must adjust to the range of electric vehicles over 

the course of three months. Longer adaption times are linked to traits like fast driving, low 

cognitive demand, high impulsivity, and strong internal control beliefs. Krishna’s (2021) 

research determines the obstacles to preventing the mainstream adoption of EVs and 

comprehends how customers generally see EVs. Using thematic analysis, the study considers 

the importance of emotions—a factor that is sometimes disregarded in more conventional 

survey methods. Some interesting factors have been discussed as the reasons for people not to 

adopt electric vehicles. Lack of customization choices the inability to customize electric 
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vehicles (EVs) and inadequate repair facility has been addressed as some of the main reason 

people do not adopt EVs. Cultural factors can be another reason for adopting EVs because 

society is not very welcoming to adopting electric vehicles and the accessibility and availability 

of charging infrastructure, which is essential for the uptake of electric vehicles, can also be 

influenced by cultural factors. Some other factors like lack of fun, design, performance issues, 

emotional attachment to ICE engine vehicles, bad reputation of EVs, lack of engine noise, and 

Lack of soul connection between the vehicle and the user have also been addressed as the 

reasons. Interdependence of the obstacles to the adoption of electric vehicles has been also 

shown in this paper. For example, Reducing the frequency of recharging could lessen reliance 

on public charging stations, thereby improving range. On the other hand, to enhance range, a 

bigger battery would make the car heavier, more expensive, and more complex, which would 

lower performance. Electric vehicles can become more enjoyable to drive through performance 

upgrades such, as handling, unique power delivery, and enhanced torque. This aspect of "fun" 

can be seen as soulful playing a role in establishing a connection, with the user. When multiple 

users develop these kinds of connections a desired culture can emerge. As a result, it becomes 

possible to enhance the perception, which in turn makes the adoption and transition smoother. 

Examining factors influencing early adopters in Ireland, Mukherjee and Ryan's (2020) research 

reveals that shows that people who have university degrees are more interested in adopting an 

EV which indicates that higher education plays a vital role. People who travel more than one 

hour to commute are interested in adopting EVs considering their cost-benefit. It also shows 

that when there are frequent charging points it triggers the desire to adopt an electric vehicle. 

Utilizing Principal Component Analysis (PCA) to rank drivers of EV adoption Palit et al. 

(2022), identify primary key factors that influence EV adoption are governmental regulations, 

adequate charging infrastructure, reliability, and performance of the vehicle. Other important 

factors that have been discussed are EV pricing, subsidies, environmental issues, etc. 

Technological advancements that include improvement in battery technology and charging 

infrastructure in the development of EVs also play an important role.  
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7  Discussion 

This research has mapped Electric Vehicles (EV) related studies from sectors like battery 

technologies and their digital monitoring/control, (smart) charging stations, from ICE engine 

cars to EV adoption issues among others. The research reviewed, analyzed summarized, and 

drew conclusions for current and future studies, from a software engineering perspective. 

Different areas of EVs such as user adoption barriers, EV charging infrastructure, EV battery 

recycling, etc. are popular among the researchers but from a software engineering perspective 

for example how software engineering can mitigate user adoption issues, software architecture 

model for electric vehicles, software-defined battery lacks significant progress. As previously 

mentioned, the study included an analysis of the main barriers to EV mass adoption. through 

literate analysis, it was found, that the current major contributors were range anxiety, lack of 

charging infrastructure, instability of charging prices, EV price, and limitations of repair 

facilities are the core barriers to EV adoption. There are also additional secondary barriers, 

including, but not limited to e.g. lack of customization facilities, cultural perception towards 

EVs, and emotional attachment to ICE vehicles. Different software-based strategies like 

blockchain, AI, machine learning, and data analytics are proposed by different researchers to 

overcome these challenges partially. Emotional factors like lack of fun, design issues, and 

social acceptability can be solved by data-driven user-centric designs. Maintenance-related 

issues can be solved by predictive maintenance using machine learning. With the help of data 

analytics design related barriers can be mitigated using data related to user preference and 

feedback.  

In the context of our research questions 

RQ1 How are software solutions utilized in EVs? 

RQ2 What are the key software/applications in the EV? 

RQ3 Where is the most visible development in the EV sector leveraging Software Engineering? 

In Chapter 4, software engineering contributions to solve charging station-related issues like 

charging station management, V2G technology, energy sharing, charging trade, etc. have been 

addressed. Blockchain, AI, and machine learning technologies have been used for efficient 

charging station management, renewable energy integration, optimizing charging station 

performance, and improving overall user experience in terms of using EV charging stations. 
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More specifically Artificial Intelligence (AI), machine learning (ML) and deep learning (DL) 

technologies have been used to increase the efficiency and reliability of the charging station, 

accurate load forecasting, better energy planning, and resource allocation. On the other hand, 

DRL and RL-based solutions provide adaptive and real-time optimization, ensuring efficient 

charging operations, grid stability, and increased overall performance. However, there is the 

worry about AI and its overuse problems, if the control mechanisms are not developed far 

enough (Usmani et al., 2023). Blockchain technology contributed to improved security, and 

transparency and solved trust issues of the charging station-related operations. The software-

based solutions ensure not only the improvement of current charging infrastructure but also 

show that in the future they can help to build more robust, secure, and user-friendly charging 

infrastructure with the help of AI, blockchain, and data-driven solutions. In Chapter 5 software-

defined batteries (SDBs) and other software-based battery management technologies have been 

discussed. As mentioned by Badam et al. (2015), SDBs combine various battery features into 

a single, flexible unit that is managed by an operating system. If this technology can be 

developed it will bring a groundbreaking change in the whole battery industry as well as in the 

EV industry. Along with that different blockchain, AI and other software-based solutions can 

ensure a more efficient, durable battery management system for the EV industry. The proposed 

mechanism of software-defined batteries offers higher energy density, fast charging, and a 

longer lifespan for batteries compared to traditional lithium-ion batteries with its structure 

which is a combination of hardware and software. After reviewing the selected research papers, 

it’s figured out that blockchain-based solutions are used mostly for data-driven battery 

management, battery degradation tracking, a Machine learning algorithm is used for State of 

Charge (SOC) determination, loss management balancing control, temperature control, 

improving safety, efficiency, and overall performance. After reviewing the research paper and 

ongoing trends some possible software-integrated features can be integrated into electric 

vehicles. 

7.1  Suggested software-based feature opportunities in electric cars 

Software integrated into an electric vehicle plays a vital role as it is a crucial differentiator 

among the manufacturers. Dashboard plays a crucial role in an electric vehicle as it provides 

all the necessary information like real-time Navigation, current battery status, range, the status 

of the ongoing charging process, and energy consumption data. Another important role of the 

dashboard of an electric vehicle is that it helps the driver to drive without violating the law by 

displaying speed limits (Franco et al., 2015). For example, the dashboard of the Tesla Model 
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S, will show you different things such as lights, if the door is open, the total distance you can 

drive with the current battery available, temperature, different types of alert messages, current 

location, parking direction, autopilot features, other cars and people around your vehicle, 

infotainment Software like Spotify, etc. (“Model S Owner’s Manual,” 2023). Despite having 

different facilities integrated software/ services in the dashboard, other services can be 

integrated into the electric car dashboard. Features are discussed below. 

7.1.1  Smart Insurance System: 

With the advancement of electric vehicles, it can be assumed that the number of road accidents 

the information would be shared among the vehicles. They will be connected so there will be 

a vast change in the dynamics of the automotive insurance industry. As the manufacturers will 

be collecting real-time data from the vehicles it would be much easier for them to analyze and 

predict the chance of any risk. (Stanley, Grisé, and Anderson, 2020). Tesla has been offering 

car insurance for their consumers since 2019 and they claims that they are comparatively less 

expensive and the insurance is integrated with its vehicle so the insurance rate is decided based 

on drivers' driving behavior and vehicle safety features (“Introducing Tesla Insurance,” 2023) 

In terms of Autonomous Vehicles (AV) and Electric vehicles(EV), artificial intelligence and 

machine learning can be used to train the algorithms to create different driving profiles and 

provide customers with customized insurance policies which is the more upgraded version of 

current Pay How You Drive Policy (Elicegui et al., 2022) As per the above discussion EV/AV 

industry demands a modern and data-driven insurance system a Payment system integrated 

with the car would make the consumers life easier than the traditional payment system.  

7.1.2  Smart Health Monitoring:  

Research shows that different health condition is one of the major reasons for car accidents 

which most of the time results in death. There can be various reasons for health issue-related 

car crashes. Before the accidents occurred most of the drivers (84%) who were involved in 

crashes caused by emergencies had experienced seizures, blackouts, or diabetic reactions 

(National Highway Traffic Safety Administration, 2010).In 2018, there were 775 recorded 

fatalities attributed to drivers who were operating their vehicles while fatigued, constituting 

2.1% of all fatalities resulting from motor vehicle traffic accidents (NCSA, 2019). Drunk 

driving was identified as a contributing factor in fatal crashes at a rate ranging from 2.1% to 

2.5% (NHTSA - FARS, 2014-2018) and in 1.8% to 2.2% of total injury-related crashes 

spanning the years 2016 to 2018 (NHTSA - CRSS, 2016-2018). Smartwatches have a variety 
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of sensors and health monitoring features that help to keep track of their different health-related 

variables like heart rate, oxygen level monitoring, Sleep cycle, physical activity, stress level 

monitoring, etc. Fitness trackers or smartwatches have different types of sensors like 

accelerometer, barometer, and electrodermal activity (EDA) sensors that are used for 

measuring different health-related parameters. Heart rate can be monitored through 

photoplethysmography (PPG) which can measure heart rate with the help of a light sensor 

(Meza et al., 2023). Barometer sensors can measure atmospheric sensors while hiking or 

climbing (Manivannan et al., 2020), and peripheral capillary oxygen saturation (Sp02) sensors 

measure blood oxygen saturation levels. Electrodermal Activity (EDA) sensor provides the 

ability to measure in time and shows a link, with levels of arousal (Alberdi et al., 2016). 

Electrocardiogram (ECG) sensors can capture the signals produced by the heart, which can 

offer insights into detecting irregular heart rhythms and assessing overall heart health. 

Integrating sensors that track the drivers' signs and physical state, like heart rate, electrodermal 

activity (EDA), and even fatigue detection technology in the steering system can react to 

possible driver distraction or serious health conditions. By incorporating these features, it can 

be expected that health-related car crash incidents can be mitigated.  

7.1.3  Instant Speeding Ticket Notification and Payment: 

Speeding has been one of the major reasons for car accidents all over the world. In 2022, the 

national average indicates that 9.18% of drivers in the United States have a recorded speeding 

ticket (Mancewiz, 2022). As per a report by the EU Roughly 10 to 15% of all accidents and as 

much as 30% of all fatal accidents are caused by speeding or the use of inappropriate driving 

speeds (road-safety.transport.ec.europa.eu, 2023). Speeding ticket fines vary from country to 

country. For example, in case of France speeding ticket fine is 135 whereas in Germany has a 

range from 35 to 600 (EurosInsurance 4 Car Hire (2023), In Finland, speeding tickets depends 

on the driver’s yearly income and the lowest speeding ticket is 20% of the monthly income. 

There are different types of speed cameras such as Fixed Speed Cameras, Mobile Speed 

Cameras, Traffic light cameras, etc (Point, 2023). But the problem is sometimes the driver is 

confused about if the speed camera flashes or not and they aren’t sure whether they have been 

fined or not instantly as it takes 7-14 days even up to 3 months to get notified from the authority. 

So, If a sensor can be integrated into the Electric vehicle that will detect speed camera flashes 

and instantly notify the driver that he has been fined or warned for speeding it can help the 

driver and play a role in mitigating speeding-related car crushes. When the driver is already 

notified about overspeeding, he tries to be aware. Alert system can be integrated into the 
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dashboard so that when the sensor detects sudden flashes It will automatically show a 

notification in the dashboard about the speed ticket.  

7.1.4  Other Payment System: 

There are some other payment systems such as charging station payment, car maintenance and 

repair, tolls and parking fees, car washing fees, entertainment like Netflix, and Amazon Prime, 

and online food order services which could also be integrated shortly.  

7.2  Insights from Research Queries 

In the context of our research questions 

• RQ1 How are software solutions utilized in EVs? 

• RQ2 What are the key software/applications in the EV? 

• RQ3 Where is the most visible development in the EV sector leveraging software 

engineering? 

To answer our RQ1 it can be said that software solutions in the electric vehicle industry come 

as an influential force. They are widely used in areas like charging infrastructure management, 

battery optimization, and user experience development. Advanced battery management 

systems, charging station management software, and smart charging techniques are the 

proposed solutions. Researchers have investigated the use of blockchain to facilitate 

transparent and secure energy trading, also machine learning, and deep learning algorithms to 

execute tasks like load forecasting, estimation of state of charge, and charge optimization. In 

terms of RQ2, it can be said that almost all the manufacturers have their software/applications 

developed for their customers which have features like charging status, time estimation, 

navigation, internal heating/cooling, etc. There are also third-party software development 

companies that are also developing software that has features like swapping cars, trip planners, 

charging price updates, etc. Plenty of EV APIs are available in the market that can be used for 

battery management, charging, and navigation-related solutions. To respond to RQ3 the most 

visible development in the EV sector is in the EV charging station field. Algorithms and data 

analytics have been utilized to develop smart charging. User-friendly mobile apps have been 

developed to accelerate the overall charging experience of EVs. These apps also have the 

feature of locating nearby charging stations, checking real-time availability even monitoring 

charging sessions remotely.  
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8  Conclusion 

The research provides insights into the interdependent relationship between software 

engineering and electric mobility. It’s not about the features in the electric vehicles that 

software solutions will provide rather software works as a brain of an electric vehicle. The big 

picture is automobile industry is not just about physical parts anymore it is more about how 

digitalized it with the integration of software is. In this age of digitalization, a solution for a 

sustainable transportation future is needed and the incorporation of advanced software solution 

appear as a crucial component for resolving the problems related to EV adoption. To achieve 

these objectives a diverse approach was used in our research. The first phase covered a 

thorough analysis of user acceptance challenges, EV charging infrastructure, battery 

technology, and the developing field of software engineering applications in the EV domain. 

The database that has been created served as a foundation for insightful summaries that gave 

us an idea about the battery capacity of the electric vehicles available in the market. An analysis 

of the current impact of software in the EV sector helped us to decide whether the near future 

software price will be responsible for the price of the whole vehicle. The analysis highlighted 

the need for more focused research on software engineering solutions to mitigate user adoption 

challenges. On the bright side, the EV charging station sector has experienced a visible 

development in terms of related research. Also, different applications and APIs developed by 

software companies and manufacturers are charging solution based.  A solution to make EV 

software scalable is also important and it will help us to reduce the price of the vehicle. The 

analysis revealed that while the other sectors of EVs have been widely examined integration of 

software engineering approaches is relatively unexplored. The lack of studies addressing 

software architecture, software-defined battery technologies, and improved user experience 

with software engineering solutions strongly suggests that more research is needed in this area. 

For future research, more research on software-defined batteries and their seamless integration 

in electric vehicles, smart battery management systems, user-centric EV software design 

solutions, gain sharing models to EV and related technologies development and deployment 

supply chains digital support platforms for EV maintenance (Happonen et al., 2023) fleet level-

based emissions reduction (Metso and Happonen, 2023) and the scalability of EV software is 

recommended. 
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Appendix 1: Electric Vehicle Car Database  

To make this database multiple resources like the manufacturers website, database, 

promotional content, online articles have been used. Then it has been categorized based on 

Brand, Model, Battery Power and availability. 

Brand Model Battery Power Availability 

Abarth Abarth 500e Hatchback 37.8 kWh Available 

 Abarth 500e Convertible 37.8 kWh Available 

Aiways Aiways U5 63.0 kWh Available 

 Aiways U6 63.0 kWh Upcoming 

Aspark Aspark Owl 69 kWh Available 

Audi Audi Q8 e-tron 55 quattro 106 kWh Available 

 Audi e-tron GT RS 85 kWh Available 

 Audi Q4 e-tron 40 76.6 kWh Available 

 Audi Q8 e-tron Sportback 55 quattro 106 kWh Available 

 Audi Q8 e-tron 50 quattro 89 kWh Available 

 Audi Q4 e-tron 35 52 kWh Available 

 Audi e-tron GT quattro 85 kWh Available 

 Audi SQ8 e-tron 106 kWh Upcoming 

 Audi Q4 e-tron 50 quattro 76.6 kWh Availabe 

 Audi Q4 Sportback e-tron 40 76.6 kWh Available 

 Audi Q4 e-tron 45 quattro 76.6 kWh Available 

 Audi Q8 e-tron Sportback 50 quattro 89 kWh Available 

 Audi Q4 Sportback e-tron 50 quattro 76.6 kWh Available 

 Audi Q4 Sportback e-tron 35 52 kWh Available 

 Audi SQ8 e-tron Sportback 106 kWh Upcoming 

 Audi Q4 Sportback e-tron 45 quattro 76.6 kWh Available 

BMW BMW i4 eDrive40 80.7 kWh Available 

 BMW iX1 xDrive30 64.7 kWh Available 

 BMW iX xDrive40 71 kWh Available 

 BMW i7 xDrive60 101.7 kWh Available 

 BMW i4 eDrive35 67 kWh Available 

 BMW i4 M50 80.7 kWh Available 

 BMW iX xDrive50 105.2 kWh Available 

 BMW i5 eDrive40 Sedan 81.2 kWh Upcoming 

 BMW iX3 74 kWh Available 

 BMW iX M60 BMW iX M60 105.2 kWh Available 

 BMW i5 M60 xDrive Sedan 81.2 kWh Upcoming 

 BMW i7 eDrive50 101.7 kWh Upcoming 

 BMW i7 M70 xDrive 101.7 kWh Upcoming 

Bollinger BOLLINGER B1 Truck 120 kWh Upcoming 

 BOLLINGER B2 Pickup Truck 120 kWh Upcoming 

 BOLLINGER B4 1 pack - 79 kWh | 2 packs - 158 

kWh 

Upcoming 

 BOLLINGER B5  Upcoming 

 BOLLINGER B6  Upcoming 

Buick Wildcat EV 100-kWh Upcoming 

BYD BYD E1 32.2 kWh Available 

 BYD E2 35.2 kWh Available 

 BYD E3 47.3 kWh Available 

 BYD E5 60.48 kWh Discontinued 

 BYD E6 71.7 kWh Available 

 BYD E9 76.9 kWh Available 



 

 

53 

 BYD Atto 3 60 kWh Available 

 BYD Qin Plus 71.1 kWh Available 

 BYD Tang 84 kWh Available 

 BYD Song 71.7 kWh Available 

 BYD Song Max 59.1 kWh Available 

 BYD Han 83 kWh Available 

 BYD Yuan 49-kWh / 60.48-kWh Available 

 BYD Dolphin 70kW Upcoming 

 BYD Seal 61.4 kWh/ 82.5 kWh Upcoming 

 BYD Seagull 30.08 kWh/ 38.88 kWh. Upcoming 

 BYD Sea Lion 180 Wh/kg Upcoming 

 BYD K6 electric bus 144 kWh Available 

 BYD K7 (K7M) electric bus 215 kWh Available 

 BYD K8 electric bus 391 kWh Available 

 BYD K9 (K9M and K9S) electric bus 313 kWh Available 

 BYD K10 electric bus (double decker, 292 kWh Available 

 BYD K11 electric bus (articulated, 578 kWh Upcoming 

 BYD eBus B11 348 kWh Available 

 BYD eBus B13 422 kWh Available 

 BYD eBus B15 Up to 563 kWh Available 

 BYD eBus B18 511 kWh Available 

 BYD eBus B19 Up to 563 kWh Available 

 BYD eBus K7 174 kWh Available 

 BYD eBus K9UD Up to 422 kWh Available 

 BYD C6 electric coach 135 kWh Available 

 BYD C8 electric coach 324kWh Available 

 BYD C9 electric coach 324 KWH Available 

 BYD C10 electric coach 446 kWh Available 

 BYD T3 (commercial electric van) 50.3kWh Available 

 BYD V3 microvan. 47.52 kWh Available 

 BYD Class 6 electric Step Van 281 kWh Available 

 BYD T5 (Class 5 electric truck) 162kWh Available 

 BYD T7 (Class 6 electric truck) 175 kWh Available 

 BYD 8TT 400 kWh Available 

 BYD T10 (Class 8 electric truck) 435.2kWh Available 

 BYD Q1M / BYD 8Y (Class 8 Terminal 

tractor) 

217 kWh Available 

Genesis Genesis GV60 Premium 74 kWh Available 

 Genesis GV70 Electrified Sport 74 kWh Available 

 Genesis G80 Electrified Luxury 74 kWh Available 

 Genesis GV60 Sport 82.5 kWh Available 

 Genesis GV60 Sport Plus 74 kWh Available 

GMC GMC Hummer EV SUV 2024 212-kWh Upcoming 

 GMC Hummer EV 212-kWh Upcoming 

    

Geely Geely Emgrand 52.7 kWh Available 

 Geely Emgrand GSe 52–61 kWh Available 

Hongai    

Honda Honda e 35.5 kWh Available 

 Honda e: NS 1 68.8 kWh Available 

 Honda e Advance 35.5 kWh Available 

Hyundai/Ioniq Hyundai IONIQ 5 Long 

 Range 2WD 

74KWh Available 

 Hyundai IONIQ 5 Standard  

Range 2WD 

54KWh  
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 Hyundai Kona Electric 65Kwh Upcoming 

 Hyundai Kona Electric 64 kWh Available 

 Hyundai Kona Electric 39 KWh Available 

 Hyundai Kona Electric 48 KWh Available 

 Lafesta EV 56.5 kWh Available 

Jaguar Jaguar I-Pace EV400 84.7 kWh Available 

Kia Kia Niro EV 64.8 KWh Available 

 Kia EV6 GT 74 KWh Available 

 Kia EV9 AWD 99.8 KWh Upcoming 

 Kia EV6 Standard  

Range 2WD 

54 KWh Available 

 Kia e-Soul 39.2 Kwh Available 

 Kia Bongo III 58.8 kWh Available 

 Kia Ray EV 16.4 kWh Available 

Lexus Lexus RZ 450e 64 WKh  

Lotus Lotus Eletre 107 KWh Available 

 Lotus Evija 70 kWh Available 

Lucid Lucid Air Grand Touring 112 KWh Available 

 Lucid Air Dream Edition 118 KWh Available 

 Lucid Air Pure 88 Kwh Available 

Maserati Maserati GranTurismo  

Folgore 

83 KWh Upcoming 

 Maserati Grecale Folgore 95 KWh Upcoming 

Mazda Mazda MX-30 30 KWh Available 

MG MG MG4 Electric 61.7 KWh Available 

 MG MG4 Electric 50.8 KWh Available 

 MG MG5 Electric Long Range 57.4 KWh Available 

 MG ZS EV Long Range 68.3 KWh Available 

 MG Marvel R 70 KWh Available 

 MG ZS EV Standard Range 49 KWh Available 

 MG MG5 Electric  

Standard Range 

46 KWh Available 

Mercedes-

Benz 

Mercedes EQS 450+ 107.8 KWh Available 

 Mercedes EQE 350+ 90.6 KWh Available 

 Mercedes EQC 400 4MATIC 80 KWh Available 

 Mercedes EQS 580 4MATIC 107.8 KWh Available 

 Mercedes EQB 250 66.5 KWh Available 

 Mercedes EQB 250+ 70.5 KWh Available 

 Mercedes EQB 350 4MATIC 66.5 KWh Available 

 Mercedes EQE 300 89 KWh Available 

 Mercedes EQS SUV  

580 4MATIC 

108.4 KWh Available 

 Mercedes EQV 300 Long 90 KWh Available 

 Mercedes EQT 200 Standard 45 KWh Available 

 Mercedes EQE AMG  

53 4MATIC+ 

90.6 KWh Available 

 Mercedes eVito  

Tourer Long 60 kWh 

60 KWh Available 

Mini Mini Cooper SE 28.9 KWh Available 

NIO NIO ET5 100 kWh 90 KWh Available 

 NIO ET7 75 kWh 70.5 KWh Available 

 Nio EC6 100 KWh Available 

 Nio EP9  Available 

 Nio ES6 75-150 KWh Available 

 Nio ES8 75-100 KWh Available 
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 Nio ET7 70-100 KWh Available 

Nissan Nissan Leaf 39 KWh Available 

 Nissan Ariya 87kWh 87 KWh Available 

 Nissan Leaf e+ 59 KWh Available 

 Nissan Ariya 63kWh 63 KWh Available 

 Nissan Townstar EV 45 KWh Available 

 Nissan Sakura 20 KWh Available 

ORA ORA Funky Cat 48 kWh 45.4 KWh Available 

 ORA Funky Cat GT 59.3 KWh Available 

 ORA Funky Cat 63 kWh 63.1 kWh Available 

 Ora iQ 47 KWh Available 

 Ora Heimao 33 KWh Available 

 Ora Good Cat 47-63 KWh Available 

 Ora White Cat 34-38 KWh Available 

Pininfarina Pininfarina Battista 120 KWh Available 

Porsche Porsche Taycan 71 kWh Available 

 Porsche Taycan Turbo S 83.7 KWh Available 

Rimac Rimac Nevera 120 kWh Available 

Rivian Rivian R1S 128.9 kWh Available 

 Rivian R1T 180.0-kWh Available 

Rolls-Royce Rolls-Royce Spectre 100 KWh Available 

Roewe Roewe Clever 27 kWh Available 

 Roewe i5 61 kWh Available 

 Rising Auto (Feifan, R) ER6 69.9 Kwh Available 

Seres Seres 3 51 KWh Available 

 SsangYong SsangYong Korando  

e-Motion 

61.5kWh Available 

Subaru Subaru Solterra AWD 64 KWh Available 

Skoda Skoda Enyaq iV 80 77 KWh Available 

 Skoda Enyaq iV 60 58 KWh Available 

 Skoda Enyaq iV 50 52 KWh Available 

 Škoda Enyaq 82 KWh Available 

Toyota Toyota bZ4X FWD 64 KWh Available 

 Toyota Proace City Verso 

 Electric L1 50 kWh 

46.3 KWh Available 

 Toyota PROACE  

Verso L 75 kWh 

68 KWh Available 

Tata Tata Nexon EV 30.2kWh Available 

 Tata Nexon EV max 40.5 KWh Available 

 Tata Tiago 19.2 KWh Available 

 Tata Tigor 26 KWh Available 

Tesla Tesla Model Y Long  

Range Dual Motor 

75 KWh Available 

 Tesla Model 3 57.5 KWh Available 

 Tesla Model S 103 Kwh Available 

 Tesla Model S Plaid 95 KWh Available 

 Tesla Model X 100 KWh Available 

 Tesla Model Y 67.6–81 kWh Available 

Vinfast VinFast VF 9  

Extended Range 

123 KWh Upcoming 

 VinFast VF 8 Plus  

Standard Range 

82 KWh Upcoming 

 VinFast VF 9  

Standard Range 

92 KWh Upcoming 

 VinFast VF 8 Eco  

Extended Range 

87.7 KWh Upcoming 
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 VinFast VF 5 37.23 KWh Available 

 VinFast VF e34 44.5 KWh Available 

Volkswagen Volkswagen ID. Buzz Pro 77 KWh Available 

 Volkswagen ID.7 Pro S 86 KWh Upcoming 

 Volkswagen ID.3 Pro 58 KWh Available 

 Volkswagen ID.4 Pure 52 KWh Available 

 Volkswagen e-Up! 32.3 KWh Available 

 Volkswagen e-Crafter 35.8 kWh Available 

 Volkswagen ID.5 82 KWh Available 

Volvo Volvo EX30 Single Motor ER 64 KWh Available 

 Volvo EX30 Single Motor 49 KWh Available 

 Volvo XC40 Recharge 

 Single Motor 

66 KWh Available 

 C40 Recharge 78 KWh Available 

 Volvo XC40 Recharge  

Single Motor ER 

79 KWh Available 

 Volvo EX90 Twin Motor 107 KWh Available 

XPENG XPENG P7 RWD Long Range 82.7 KWh Available 

 XPENG G9 RWD Long Range 94 KWh Available 

 XPENG G9 RWD  

Standard Range 

75 KWh Available 

 XPeng G3 50.5 or 65.5 kWh Available 

 XPeng P5 60.2–80.9 kWh Available 

 XPeng P7 80.87 kWh Available 
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Appendix 2:Electric Vehicle Battery Recycle Company 

To create this database different online portals, company websites, sustainability websites, 

sustainability reports have been gone through and categorized based on Company name and 

their location. 

 

Company Name Location 

ACCUREC Recycling GmbH Germany 

American Battery Technology Company (ABTC) USA 

American Manganese Inc USA 

Ascend Elements USA 

Duesenfeld Germany 

East Penn Manufacturing USA 

Ecobat, LLC UK 

EnerSys USA 

Exide Industries Limited India 

Ganfeng Lithium Group Co., Ltd China 

Glencore plc Switzerland 

KULR USA 

Li-Cycle Corporation Canada 

Recupyl France 

RecycLiCo Battery Materials Inc. Canada 

Redwood USA 

Retriev Technologies USA 

OnTo Technology  USA 

SungEel HiTech South Korea 

SNAM S.A.S France 

TES Singapore 

Umicore Belgium 

Veolia France 

Relectrify  Australia 

Glencore  (Switzerland) 

Redux Recycling  (United Kingdom) 

G&P Batteries  (United Kingdom) 

Aqua Metals  (United States) 

 

 

 

 


	1   Introduction
	1.1  Global Trends in Electric Vehicle Adoption
	1.2  Understanding the Motivations Behind Electric Vehicle Adoption
	1.3  Challenges That Impacting Electric Vehicle Adoption
	1.4  Research Objective

	2
	2  Data Collection & Literature Review Method
	2.1  Data Collection Process
	2.2  Literature Review Method

	3  Digital Revolution in Electric Mobility and the Role of Software
	3.1  The Software Ecosystem in Electric Mobility
	3.2  Role Of Software in the Evolution of Electric Vehicles
	3.3  Software-Defined Vehicles
	3.4  Notable Features Of SDV’s
	3.5   Available Mobile Applications for Electric Vehicle Users
	3.6  Apps Developed by Car Manufacturers:
	3.7  Application Programming Interfaces (API) in Electric Vehicles

	4  EV Charging Station and Software Engineering-Based Solution Of Charging Station-Related Problem
	4.1  Diversity of Electric Vehicle Chargers
	4.2  Understanding The Levels of Electric Vehicle Charging
	4.3  Complexities of EV Charging Costs and Infrastructure
	4.4  Leveraging Software Engineering for Electric Vehicle Charging Solutions
	4.5  Software-Based Solution in Charging Station-Related Research
	4.5.1  Use Of Blockchain Technology in Charging Station-Related Research
	4.5.2  Software Engineering Approaches in Charging Station-Related Research


	5   Transformative Role of Software in Battery Management for Electric Vehicles
	5.1  Lithium-Ion Battery Trends, Challenges, and Circular Economy Goals
	5.2  Advancements in Lithium-Ion Battery Recycling
	5.3  Distribution of Battery Capacities in the Electric Vehicle Market
	5.4  Software-Defined Batteries
	5.4.1  What Is a Software-Defined Battery
	5.4.2  How Software-Defined Batteries (SDB) Can Benefit Electric Vehicles

	5.5  Other Proposed Software-Based Solutions in Battery Management:

	6  Addressing Barriers to Electric Vehicle Adoption
	6.1  Assessing the Progress and Challenges in EV Adoption
	6.2  Initial Adoption Issues and Solutions
	6.3  Behavioral Adoption Issues

	7  Discussion
	7.1  Suggested software-based feature opportunities in electric cars
	7.1.1  Smart Insurance System:
	7.1.2  Smart Health Monitoring:
	7.1.3  Instant Speeding Ticket Notification and Payment:
	7.1.4  Other Payment System:

	7.2  Insights from Research Queries

	8  Conclusion

