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Abstract 

The adoption of Level 4 and Level 5 autonomous vehicles presents significant challenges and 

opportunities for the insurance industry, requiring a fundamental shift from traditional driver-based 

risk assessment to AI-driven liability models. This study examines the financial, technological, and 

regulatory implications of autonomous vehicle insurance pricing in Germany, focusing on risk 

distribution, AI-based assessment frameworks, and emerging insurance models. The analysis 

highlights key risk factors, including cybersecurity threats, AI decision-making reliability, and 

V2V/V2I communication effectiveness, which influence insurance premium adjustments and liability 

allocation. The study further explores existing insurance frameworks and their limitations, 

emphasizing the need for new actuarial models that integrate real-time vehicle data, machine learning, 

and telematics-based risk assessment. Regulatory challenges are discussed in the context of EU and 

German liability laws, underscoring the ethical and legal complexities of AI-driven accident claims 

and responsibility sharing between manufacturers, AI developers, and insurers. The findings suggest 

that usage-based insurance (UBI), fleet policies, and blockchain-driven liability tracking will define the 

future of autonomous vehicle insurance. As AV adoption increases, insurers must adapt to data-driven, 

predictive, and scalable pricing models that ensure fair risk distribution and regulatory compliance 

while fostering public trust in self-driving mobility solutions. 

Keywords: autonomous vehicle insurance, Level 4 and Level 5 automation, AI risk assessment, 

insurance premiums, liability distribution 

 

 

 

1. Introduction 

The rapid advancement of autonomous vehicle 

(AV) technology has brought fundamental 

changes to the automotive industry, requiring a 

corresponding shift in insurance risk assessment 

and pricing models. Germany, a global leader in 

automotive innovation, has been at the forefront 

of developing Level 4 and Level 5 automation, 

paving the way for fully autonomous mobility. 

Unlike earlier automation levels, which still 

require driver intervention, Level 4 vehicles can 

operate independently within predefined 

environments, while Level 5 automation 

represents complete autonomy under all 

conditions. The growing presence of highly 

automated systems has led to discussions on 
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how insurers should adapt their models to 

account for new risk factors, as traditional 

assessment methods based on human behavior 

become obsolete. 

Germany’s legislative framework has played a 

key role in advancing autonomous vehicle 

technology, with amendments to the Road 

Traffic Act (StVG) permitting Level 4 automation 

in specific contexts, such as autonomous taxi 

fleets and highway-based self-driving logistics. 

Leading German automakers, including BMW, 

Mercedes-Benz, and Volkswagen, are investing 

heavily in the deployment of autonomous 

systems, while technology firms continue to 

refine AI-driven decision-making models for 

enhanced safety and efficiency. Despite these 

advancements, full-scale adoption of Level 5 

automation remains distant due to technical, 

ethical, and regulatory challenges. The 

development of highly autonomous vehicles 

promises to reduce accident rates caused by 

human error, yet it also raises critical questions 

regarding responsibility in the event of system 

malfunctions, sensor failures, or unforeseen 

road conditions. 

The limitations of traditional insurance models 

in assessing risk for fully autonomous vehicles 

present a significant obstacle to integrating 

self-driving technology into everyday mobility. 

Historically, insurance policies have been 

structured around human-related risk factors, 

such as driving experience, accident history, and 

geographic location. Actuarial models have 

relied on statistical patterns of human behavior 

to predict risk exposure, with higher premiums 

assigned to drivers deemed more likely to cause 

accidents. However, as vehicles become 

increasingly autonomous, human-related risks 

diminish, making traditional underwriting 

models inadequate. Furthermore, existing 

insurance policies primarily cover the driver, but 

in a scenario where no human operator is 

involved in vehicle control, liability shifts away 

from the individual and toward other 

stakeholders. Insurers must now evaluate the 

risks associated with AI decision-making, 

vehicle-to-vehicle (V2V) and 

vehicle-to-infrastructure (V2I) communications, 

and the potential for cyberattacks targeting 

networked autonomous fleets. 

One of the most significant consequences of 

Level 4 and Level 5 automation is the 

fundamental shift in responsibility from human 

drivers to manufacturers, AI systems, and fleet 

operators. Unlike conventional vehicles, where 

drivers are held accountable for traffic violations 

and collisions, autonomous systems distribute 

liability across multiple parties. In cases where 

an accident occurs due to a failure in AI 

perception, decision-making algorithms, or 

sensor misinterpretation, determining fault 

becomes far more complex. Automakers such as 

Mercedes-Benz and Audi, which develop 

proprietary autonomous driving software, may 

bear liability if system errors contribute to 

accidents. AI software developers are also key 

stakeholders, as they must ensure that machine 

learning models are trained on extensive 

real-world driving scenarios to minimize risks. 

Meanwhile, fleet operators overseeing 

autonomous mobility services must implement 

rigorous safety protocols, system updates, and 

predictive maintenance to prevent accidents 

caused by outdated software or neglected 

vehicle performance monitoring. 

Regulatory bodies in Germany and across the 

European Union are actively debating the legal 

framework for AV insurance, with a particular 

focus on whether liability should be 

automatically assigned to manufacturers or 

shared among multiple parties. Ethical 

considerations regarding accident 

decision-making by AI also factor into these 

discussions, especially in scenarios where a 

system must prioritize certain outcomes over 

others. Current insurance models do not account 

for such dilemmas, underscoring the need for a 

redefined approach to risk assessment and 

liability attribution. Moving forward, insurers 

will need to develop models that incorporate 

AI-powered predictive analytics, real-time 

telematics data, and vehicle-to-everything (V2X) 

communication to accurately determine risk 

exposure and adjust premium structures 

accordingly. As Germany progresses toward 

integrating fully autonomous vehicles into 

public roads, the insurance industry must 

evolve to align with the changing landscape of 

mobility, ensuring that liability distribution and 

risk pricing remain equitable and reflective of 

technological advancements. 

2. Key Risk Factors in Autonomous Vehicle 

Insurance Pricing 

The transition to autonomous vehicles has 

introduced new complexities in risk assessment 

and insurance pricing, as traditional models 

based on driver behavior are no longer 

applicable. Level 4 and Level 5 automation 
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require insurers to evaluate risks associated with 

machine decision-making, vehicle-to-vehicle 

(V2V) and vehicle-to-infrastructure (V2I) 

communications, and cybersecurity 

vulnerabilities. The shift from human-driven 

risk factors to technology-driven liabilities 

demands a redefinition of how insurers price 

policies and distribute liability among various 

stakeholders. Unlike conventional insurance, 

where fault is primarily attributed to the driver, 

autonomous vehicle insurance must consider 

the role of manufacturers, AI developers, fleet 

operators, and regulators in accident 

responsibility. 

One of the most pressing challenges in insurance 

pricing is the distribution of liability in accidents 

involving autonomous vehicles. In traditional 

models, fault is assigned based on driver 

behavior, road conditions, and external factors, 

with clear legal precedents guiding 

compensation claims. However, with Level 4 

and Level 5 automation, accidents may result 

from software miscalculations, sensor failures, 

or AI misinterpretations of road conditions, 

complicating fault attribution. Manufacturers 

could be held accountable if a vehicle’s 

automated system malfunctions, while AI 

developers may bear responsibility if machine 

learning algorithms fail to respond 

appropriately to dynamic traffic scenarios. Fleet 

operators managing autonomous taxis or 

logistics vehicles may also face liability for 

neglecting system updates, inadequate 

maintenance, or improper fleet management. 

Given these complexities, insurers must develop 

new frameworks that integrate shared liability 

models, risk segmentation, and case-specific 

insurance policies to accurately assess 

responsibility. 

Another significant concern in autonomous 

vehicle insurance pricing is the threat of 

cybersecurity attacks. As vehicles become 

increasingly connected to cloud-based systems, 

external communication networks, and real-time 

data exchanges, the risk of cyber intrusions 

grows. Hackers could exploit vulnerabilities in 

autonomous driving software to manipulate 

vehicle controls, disable safety features, or even 

cause deliberate collisions. Unlike 

human-related errors, which insurers have 

historically quantified through statistical 

analysis, cyber risks are unpredictable and can 

lead to widespread system failures. The 

potential for large-scale disruptions raises 

questions about how insurers should price 

policies to cover cybersecurity-related incidents, 

including liability for software defects, 

unauthorized system intrusions, and failures in 

over-the-air (OTA) updates. As manufacturers 

deploy AI-based self-driving technology, 

insurance providers must account for the 

evolving risks of cyberattacks and the need for 

incident response mechanisms in AV insurance 

models. 

Beyond liability and cybersecurity concerns, 

environmental and road condition challenges 

present additional risk factors that insurers must 

consider. Traditional insurance models factor in 

geographic location, weather conditions, and 

infrastructure quality when assessing premiums, 

but these variables take on new significance in 

autonomous vehicle operations. Unlike human 

drivers who can instinctively adapt to poor road 

conditions, AVs rely on sensor arrays and 

AI-driven algorithms to interpret their 

surroundings. Adverse weather conditions, such 

as heavy rain, snow, or fog, can obscure 

camera-based perception systems and affect 

LIDAR accuracy, increasing the likelihood of 

system misinterpretations. Moreover, AVs 

require well-maintained infrastructure to 

operate efficiently, meaning that degraded road 

quality, unclear lane markings, or outdated 

traffic signage may hinder their ability to make 

safe driving decisions. Insurers must evaluate 

how these environmental factors impact 

accident risks and adjust pricing models 

accordingly to reflect regional variations in AV 

performance. 

 

Table 1. Comparison of Traditional vs. Autonomous Vehicle Risk Factors 

Risk Factor Traditional Vehicles 

(Human-Driven) 

Autonomous Vehicles 

(AI-Driven) 

Liability Attribution Driver responsibility for 

accidents 

Shared liability (manufacturers, 

AI developers, fleet operators) 

Human Error Distracted driving, speeding, Eliminated, but replaced by AI 
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DUI decision-making risks 

Cybersecurity Risks Minimal (mechanical systems) High (susceptible to hacking, 

software manipulation) 

Environmental Sensitivity Adaptability to weather, poor 

roads 

Dependent on sensor accuracy 

and data interpretation 

Accident Mitigation Reflex-based emergency 

maneuvers 

AI-based risk prediction and 

automated responses 

 

As Germany moves toward the widespread 

adoption of Level 4 and Level 5 vehicles, 

insurers must reassess traditional assumptions 

about risk exposure and develop dynamic 

pricing models that reflect the technological, 

cybersecurity, and environmental challenges 

inherent in autonomous driving. The need for 

real-time data integration, predictive risk 

modeling, and adaptive policy structures will be 

crucial in ensuring that autonomous vehicle 

insurance frameworks remain both fair and 

sustainable in an increasingly AI-driven 

mobility landscape. 

3. Existing Insurance Models and Their 

Limitations for Autonomous Vehicles 

The transition to autonomous vehicles presents 

a fundamental challenge for insurance providers, 

as traditional actuarial models are based on 

human driver behavior, which becomes 

increasingly irrelevant in Level 4 and Level 5 

automation. The shift from human-centric risk 

assessment to AI-driven liability evaluation 

requires insurers to rethink their pricing models, 

adapt their coverage structures, and integrate 

real-time vehicle performance data. Existing 

insurance frameworks struggle to accommodate 

self-learning AI systems, automated fleets, and 

evolving regulatory requirements. As other 

countries experiment with new insurance 

paradigms, Germany can learn from global pilot 

programs to develop an effective risk 

assessment and pricing strategy for autonomous 

vehicle insurance. 

3.1 Traditional Actuarial Models and Their Reliance 

on Human Driver Risk Factors 

The insurance industry has long relied on 

actuarial models that assess driver risk based on 

historical data, statistical probabilities, and 

demographic factors. These models assign 

premiums based on factors such as age, gender, 

accident history, driving experience, and 

location-specific accident rates. Premium 

calculations assume that human error is the 

primary cause of road accidents, meaning that 

drivers with poor track records face higher 

insurance costs. However, as Level 4 and Level 5 

automation remove human intervention from 

the driving process, traditional models lose their 

predictive accuracy. 

Another challenge with traditional insurance 

structures is that policies primarily insure the 

driver rather than the vehicle itself. Since 

autonomous vehicles shift responsibility to AI 

systems, manufacturers, and fleet operators, 

traditional underwriting methods fail to account 

for AI decision-making reliability, software 

vulnerabilities, and sensor malfunctions. 

Additionally, existing insurance models assume 

gradual skill improvements over time for 

human drivers, which does not apply to 

AI-driven systems that continuously learn and 

adapt through machine learning. Without a new 

risk classification framework, insurers risk 

underpricing or overpricing AV policies, leading 

to market inefficiencies and potential financial 

instability. 

3.2 Challenges in Pricing Insurance for 

Self-Learning AI Systems and Automated Driving 

Fleets 

Self-learning AI systems introduce a new 

dimension of uncertainty in risk assessment, as 

their behavior continuously evolves based on 

real-world driving experiences and software 

updates. Unlike traditional vehicles, where risk 

assessment remains relatively stable over time, 

autonomous systems experience dynamic risk 

levels as they integrate new driving data and 

adjust decision-making parameters. This 

unpredictability makes it difficult for insurers to 

establish fixed premium structures, as an AI’s 

driving capability in year one may differ 

significantly from its performance in year five 

due to software refinements and external 

technological advancements. 

Fleet-based autonomous mobility services, such 

as robotaxis, self-driving logistics networks, and 
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shared autonomous vehicles, further complicate 

insurance pricing. Instead of a single 

driver-policyholder model, insurers must 

determine how risk should be distributed across 

fleet operators, software developers, vehicle 

manufacturers, and end-users. If an accident 

occurs, liability could involve multiple parties, 

leading to potential legal disputes over who 

should bear the financial responsibility. 

Moreover, automated fleets rely on 

vehicle-to-vehicle (V2V) and 

vehicle-to-infrastructure (V2I) communications, 

meaning that data exchange failures, 

cyberattacks, or network congestion could 

contribute to collisions, adding additional layers 

of risk that insurers must account for in 

premium calculations. 

The shift toward usage-based insurance (UBI), 

which prices policies based on real-time vehicle 

behavior rather than fixed risk categories, offers 

a potential solution. However, implementing 

such a system on a large scale requires extensive 

data sharing agreements between insurers, AV 

manufacturers, and regulatory bodies. Data 

privacy concerns, regulatory restrictions, and 

cybersecurity risks further complicate how 

insurers can access and interpret AV driving 

data for underwriting purposes. 

3.3 Case Studies of Pilot Programs in Other 

Countries and Lessons for Germany 

Countries such as the United States, the United 

Kingdom, and Japan have already begun 

experimenting with autonomous vehicle 

insurance models, providing valuable insights 

for Germany as it refines its regulatory and 

pricing frameworks. 

In the United States, insurers have partnered 

with AV technology companies to test 

data-driven risk assessment models. Companies 

like Tesla and Waymo have implemented 

first-party insurance programs, where the 

manufacturer acts as both the vehicle provider 

and the insurer. This integrated approach allows 

manufacturers to leverage vehicle telemetry data 

to adjust insurance premiums dynamically, 

ensuring accurate pricing based on real-world 

AV performance. While this model enhances 

transparency, it raises concerns about conflict of 

interest and market competition, as traditional 

insurers may struggle to compete with 

automaker-backed policies. 

The United Kingdom has adopted a hybrid 

insurance model, where insurers assess risk 

based on both human and AI-driven incidents. 

In this system, an AV policy covers two 

scenarios: one where the driver is in control, and 

another where the vehicle is operating 

autonomously. This dual-coverage approach 

ensures that insurers can account for varying 

levels of automation while maintaining 

traditional insurance structures during the 

transition phase. However, as Level 5 

automation becomes widespread, this model 

may become obsolete, requiring insurers to fully 

separate human and AI-driven liability models. 

Japan has taken a government-regulated 

approach to autonomous vehicle insurance, with 

regulators working closely with insurers to 

establish clear liability frameworks for AI-driven 

vehicles. Japanese insurers have introduced AI 

trust scores, where an autonomous system’s 

safety history, response accuracy, and real-time 

performance metrics influence insurance 

premiums. This model encourages 

manufacturers to improve AI reliability, as 

higher safety scores lead to lower insurance 

costs for consumers. While effective, this 

approach requires highly standardized data 

collection methods, which may pose 

implementation challenges in Europe’s 

fragmented regulatory landscape. 

For Germany, these global pilot programs 

highlight the importance of data-driven risk 

assessment, collaboration between insurers and 

manufacturers, and adaptable regulatory 

frameworks. As Germany refines its AV 

insurance policies, it must balance innovation 

with consumer protection, ensuring that liability 

remains clearly defined while allowing the 

insurance industry to evolve alongside 

autonomous vehicle technology. The challenge 

ahead is developing a scalable, fair, and 

dynamic insurance model that accommodates 

both individual AV owners and large-scale 

autonomous fleets, ensuring long-term market 

stability in an era of AI-driven mobility. 

4. Development of New Risk Assessment 

Models for Level 4 and Level 5 Vehicles 

As autonomous vehicle technology advances, 

traditional insurance models based on human 

error and behavioral risk factors become 

increasingly inadequate. Level 4 and Level 5 

automation introduce new risk variables, 

requiring insurers to integrate AI-driven 

predictive analytics, telematics, and real-time 

vehicle communication into their pricing 
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strategies. The shift from individual driver 

responsibility to AI system reliability 

necessitates a data-driven approach, where risk 

assessment is based on machine learning models, 

sensor data interpretation, and 

connectivity-driven safety enhancements. These 

new frameworks must not only account for 

hardware and software reliability but also 

evaluate the impact of real-time environmental 

factors and network-based risk mitigation 

strategies. 

4.1 AI-Driven Risk Prediction: Using Machine 

Learning and Real-Time Driving Data for Insurance 

Pricing 

The adoption of artificial intelligence (AI) and 

machine learning in insurance pricing enables a 

transition from static actuarial models to 

dynamic risk assessment systems. Unlike 

human-driven vehicles, where risk is evaluated 

based on past driving history, autonomous 

vehicles generate continuous real-time data from 

onboard sensors, cameras, LIDAR, and GPS 

systems. Machine learning algorithms can 

analyze patterns in vehicle performance, 

response times, braking efficiency, and system 

reliability, allowing insurers to price policies 

based on actual vehicle behavior rather than 

statistical probabilities derived from 

human-driven data. 

One of the primary advantages of AI-driven risk 

prediction is its ability to detect and adapt to 

emerging risks. By analyzing historical data 

from thousands of autonomous vehicle trips, AI 

models can predict failure rates in software 

decision-making, assess sensor malfunctions, 

and evaluate environmental challenges such as 

heavy rain, fog, or low-visibility conditions. 

Additionally, machine learning models can 

compare vehicle safety records across 

manufacturers, ensuring that insurance 

premiums accurately reflect the reliability of 

different AI systems rather than relying solely 

on generalized assumptions about automation 

risks. 

4.2 Telematics-Based Insurance Models: Integration 

of Vehicle Sensor Data, GPS, and External 

Conditions 

The integration of telematics in autonomous 

vehicle insurance represents a shift toward 

usage-based and performance-based pricing 

models. Telematics devices collect real-time data 

on vehicle speed, braking patterns, 

location-based risks, and environmental 

conditions, allowing insurers to assess risk 

exposure at a granular level. In an autonomous 

vehicle context, telematics-based insurance 

extends beyond driver behavior to evaluate 

system performance, AI decision-making 

accuracy, and external hazard detection. 

Insurance companies can leverage telematics 

data to assign risk scores to individual vehicles, 

adjusting premiums based on sensor accuracy, 

vehicle-to-road interaction, and historical 

accident rates in specific driving environments. 

For example, an autonomous vehicle operating 

in high-traffic urban areas with frequent 

pedestrian crossings may carry different risk 

calculations compared to an AV driving in 

controlled highway conditions with minimal 

human interaction. Furthermore, telematics 

allows insurers to continuously monitor AI 

system efficiency, identifying anomalies that 

may indicate a higher probability of software 

failure or mechanical malfunction. 

4.3 V2V and V2I Communication Influence: Impact 

of Vehicle-to-Vehicle and Vehicle-to-Infrastructure 

Data Sharing on Risk Reduction 

Vehicle-to-vehicle (V2V) and 

vehicle-to-infrastructure (V2I) communication 

play a critical role in enhancing road safety and 

reducing accident probabilities. Unlike human 

drivers, who rely solely on visual and auditory 

cues, autonomous vehicles equipped with V2V 

and V2I capabilities can exchange real-time 

information about traffic conditions, road 

hazards, speed adjustments, and emergency 

braking alerts. These communication networks 

enable AVs to anticipate risks before they 

become imminent, minimizing the likelihood of 

collisions and creating a safer driving ecosystem. 

The ability of AVs to adapt their driving 

behavior based on real-time external inputs 

rather than internal sensor data alone 

significantly alters how risk is assessed in 

insurance pricing models. 

The incorporation of V2V and V2I data into 

insurance risk assessment models allows 

insurers to distinguish between autonomous 

vehicles operating in high-connectivity 

environments versus those without external 

communication capabilities. A vehicle that 

actively communicates with traffic lights, 

pedestrian detection systems, and other AVs can 

significantly reduce accident risks, leading to 

lower insurance premiums. Conversely, an AV 

operating in low-connectivity areas with limited 
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external data inputs may present a higher risk 

profile due to its reliance solely on internal 

sensors and AI processing. The disparity in risk 

exposure between high-connectivity and 

low-connectivity AVs suggests that insurance 

premiums could vary significantly depending 

on the extent to which a vehicle is integrated 

into a connected mobility ecosystem. 

The line chart below illustrates the relationship 

between V2V/V2I connectivity and insurance 

premium trends. As connectivity and real-time 

data exchange improve, the risk of accidents is 

expected to decline, leading to progressively 

lower insurance premiums for AVs with higher 

levels of integration. However, vehicles with 

limited or no connectivity will likely experience 

higher premiums due to the increased risk of 

system misinterpretations, delayed response 

times, and reduced accident prevention 

capabilities. 

 

Figure 1. Impact of Different Risk Factors on Insurance Premiums 

 

In addition to real-time safety enhancements, 

blockchain-based data-sharing agreements can 

ensure accurate accident forensics and liability 

distribution. When an accident occurs, insurers 

can access V2V communication logs and sensor 

readings to determine whether a system failure, 

third-party vehicle behavior, or infrastructure 

malfunction contributed to the incident. This 

level of granular forensic analysis enables more 

precise fault attribution and compensation 

calculations, making insurance claims more 

transparent and reducing disputes over liability. 

The development of AI-driven risk assessment 

models, telematics-based insurance frameworks, 

and V2V/V2I-enhanced safety strategies 

represents the next evolution in autonomous 

vehicle insurance pricing. By shifting from static 

actuarial assumptions to dynamic, real-time data 

analysis, insurers can create adaptive, fair, and 

scalable pricing models that accurately reflect 

the evolving risk landscape of Level 4 and Level 

5 automation. As Germany moves toward 

full-scale AV integration, insurance providers, 

regulatory agencies, and technology firms must 

collaborate to develop robust data-sharing 

frameworks, regulatory safeguards, and 

predictive analytics tools that support the 

long-term sustainability of autonomous vehicle 

insurance markets. 

5. Regulatory and Legal Framework Impacting 

Insurance Pricing in Germany 

The rise of autonomous vehicles (AVs) has 

introduced complex regulatory and legal 

challenges in liability distribution and insurance 

pricing. As Germany moves toward full 

integration of Level 4 and Level 5 automation, 

insurers, policymakers, and manufacturers must 
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navigate a shifting landscape where traditional 

liability models no longer apply. The challenge 

lies in determining who is responsible when an 

AV is involved in an accident—the human 

occupant, the AI system, the manufacturer, or a 

third party. German and EU regulations have 

provided some initial guidelines, but ongoing 

debates about ethical liability, regulatory gaps, 

and risk-sharing frameworks continue to shape 

the future of AV insurance pricing and legal 

accountability. 

Germany has been a global leader in 

autonomous vehicle regulation, being the first 

country in Europe to pass a legal framework for 

Level 4 automation. The German Road Traffic 

Act (StVG) was amended to allow Level 4 

vehicles to operate under specified conditions, 

such as dedicated autonomous zones and 

supervised fleet operations. However, liability 

remains a key concern, as the traditional 

driver-based liability model no longer applies 

when AI controls the vehicle. At the EU level, 

the Product Liability Directive (PLD) and the AI 

Act establish manufacturer accountability for 

AI-related malfunctions. However, these 

regulations do not yet fully address liability 

distribution in complex accident scenarios 

involving partial human intervention or 

third-party system failures. The lack of a 

universal liability framework creates 

inconsistencies in how insurers price premiums 

for AVs, leading to uncertainty in risk 

assessment models. 

As AV technology advances, legal disputes over 

fault attribution in AI-driven accidents have 

become more frequent. One of the main 

challenges is distinguishing between system 

failures and external contributing factors. If an 

AV misinterprets a pedestrian crossing due to an 

AI miscalculation, is the software developer 

liable, or does responsibility fall on the vehicle 

manufacturer? Similarly, in mixed-traffic 

environments where AVs and human drivers 

interact, insurers must determine whether a 

human driver’s unpredictability contributed to 

an accident, complicating insurance claim 

processing. Ethical concerns also arise in 

AI-driven decision-making. Unlike human 

drivers, who react instinctively in emergencies, 

AI systems follow pre-programmed risk 

calculations. If an AV is forced to choose 

between colliding with another vehicle or a 

pedestrian, who bears legal responsibility for the 

programmed decision? Current insurance 

models do not account for moral liability in AI 

decision-making, making future regulatory 

adjustments necessary. 

To address these issues, a hybrid liability model 

may be required, where manufacturers, AI 

developers, insurers, and fleet operators share 

accident responsibility. Some proposed 

regulatory changes include mandatory AV 

insurance pooling, where manufacturers and 

insurers jointly fund accident compensation for 

AI-driven incidents, standardized AI 

performance testing requiring manufacturers to 

meet specific safety benchmarks before an AV is 

insured, and blockchain-based liability tracking 

using decentralized accident records to ensure 

transparent fault attribution in AV crashes. 

These approaches aim to create a balanced 

framework that supports innovation while 

ensuring accountability and fair risk 

distribution. 

 

Table 2. Distribution of Liability in Autonomous Vehicle Accidents (Human vs. AI vs. Manufacturer) 

in a copyable text format 

Accident Scenario Human 

Driver (%) 

AI System 

(%) 

Manufacturer (%) Third-Party (%) 

Human-Controlled (Level 3 

or Lower) 

90 5 5 0 

Partial AI Control (Level 4) 40 30 30 0 

Full AI Control (Level 5) - 

System Malfunction 

0 50 50 0 

Full AI Control (Level 5) - 

External Factors 

0 10 20 70 

 

The table presents how liability is distributed in different accident scenarios, demonstrating how 
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responsibility shifts from human drivers to AI 

systems and manufacturers as automation levels 

increase. 

Germany’s regulatory landscape must continue 

evolving to address the challenges of 

autonomous mobility, ensuring that liability 

distribution remains equitable and clear while 

supporting innovation in AI-based insurance 

pricing models. 

6. Future Implications for the Insurance 

Industry and Autonomous Mobility 

The widespread adoption of Level 4 and Level 5 

autonomous vehicles will fundamentally 

reshape the insurance industry, requiring a 

transition away from traditional driver-based 

policies toward usage-based, fleet, and 

AI-driven insurance models. As self-driving 

technology becomes more prevalent, insurers 

will need to redefine risk exposure, premium 

structures, and liability allocation in response to 

the declining role of human drivers. The 

emergence of usage-based insurance (UBI) and 

fleet insurance models will replace conventional 

driver history-based risk assessments, especially 

as fully autonomous vehicles eliminate human 

error as the dominant cause of accidents. Instead, 

insurance policies will rely on real-time vehicle 

performance data, AI system reliability metrics, 

and infrastructure-based connectivity 

assessments to determine risk levels. 

A significant transformation will occur in the 

long-term impact of autonomous vehicles on 

insurance premiums and accident frequency. As 

self-driving technology improves and accident 

prevention mechanisms become more effective, 

insurance costs will likely decrease over time. 

With AI-driven risk prediction, 

vehicle-to-vehicle (V2V) communication, and 

real-time hazard detection, accident rates will 

drop, leading to lower claims and reduced 

premium costs for AVs. However, in the short 

term, the high cost of AV technology, expensive 

sensor repairs, and the complexity of liability 

distribution may initially result in higher 

insurance costs compared to traditional vehicles. 

Over time, as insurers collect more data on AI 

safety performance and AV accident patterns, 

premium structures will adjust accordingly, 

reflecting lower risk levels for well-regulated 

autonomous vehicles operating in controlled 

environments. 

Consumer trust and market acceptance of 

self-driving vehicle insurance policies will play a 

crucial role in determining how quickly the 

industry adapts. Public perception of AV safety, 

accident accountability, and data privacy will 

influence consumer confidence in autonomous 

mobility insurance models. A key challenge will 

be educating consumers on the shift from 

traditional driver-liability models to AI-centric 

policies, ensuring transparency in risk pricing, 

claims processing, and liability determination. 

Insurers and regulatory bodies will need to 

implement standardized frameworks to prevent 

market fragmentation, ensuring that AV owners 

and fleet operators receive fair and competitive 

coverage options. 

As Germany and other countries continue 

advancing in autonomous mobility, 

collaboration between insurance providers, 

regulators, and technology firms will be 

essential in shaping the future of AV insurance 

models. The shift toward data-driven, adaptive, 

and scalable insurance policies will define the 

long-term sustainability of autonomous vehicle 

insurance markets, ensuring that risk 

assessment remains fair, predictive, and 

responsive to technological advancements. 
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