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EXECUTIVE SUMMARY 

Deliverable D1.2: End-Users Flexibility Solutions offers a complete roadmap to address technological, 

regulatory and user-centric obstacles that hinder end-user flexibility, analysing innovative solutions to 

enhance the active participation of consumers. By overcoming these challenges, energy systems can 

achieve greater adaptability and resistance, satisfying the demands of future electrical mobility and 

supporting at the same time a sustainable and low-carbon network. 

The D1.2 report offers an in-depth examination of the main technological issues of the e-mobility sector, 

identifying critical obstacles in infrastructure, communication and control systems, the evolution of 

business models, regulatory frameworks and user adoption. These barriers make it difficult to develop 

a flexible energy network with a response capacity capable of integrating the complex demands of 

electrical mobility, especially as the needs of end users are increasingly varied and dynamic. 

Overcoming these challenges is essential to advance in an adaptable network infrastructure that can 

not only accommodate but also anticipate and optimize energy flows for a series of electrical mobility 

applications, thereby supporting a sustainable transition and improving network resistance in a rapidly 

evolving energy landscape. 

For each identified barrier within the e-mobility domain, several requirements are proposed to make 

feasible specific solutions. These range from advancements in charging infrastructure to the 

encouragement of sophisticated and interoperable communication and control systems, the design of 

user-centred business models, and the formulation of supportive regulatory frameworks. Each 

proposed solution is associated with technical requirements aiming to ensure its viability across diverse 

operational contexts. This approach aims to establish a robust foundation for futureproofing the energy 

grid, enabling it to accommodate the dynamic and evolving demands of e-mobility while fostering 

sustainable integration and widespread adoption. 

In considering the future of e-mobility, the report outlines the specific technical needs for different types 

of electric vehicles, including light vehicles, passenger transportation, heavy trucks, and electric 

vessels. The recommendations provided here aim to establish a pathway toward a flexible, robust 

energy system that empowers end-users and supports a low-carbon future. 
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1. INTRODUCTION 

As global energy systems transition to sustainable and resilient models, incorporating end-

user flexibility has become critical, enabling the integration of variable Renewable Energy 

Sources (RES), stabilizing the grid, and promoting more efficient and cost-effective energy 

use. End-user flexibility can be thought of as the ability for users to have the freedom to adjust 

how and when they use energy, such as heating, cooling, or charging devices, to support a 

balanced and efficient energy system. In return, the user may benefit from lower bills, special 

incentives, or more control over their energy use [1]. The increasing integration of RES and 

e-mobility has intensified the need for flexibility, where end users can actively participate in 

flexibility services. In this document, it is important to emphasize that the end user is the one 

who uses Electric Vehicles (EV), including Heavy-Duty Electric Vehicles (HDEVs) and electric 

vessels. On the other hand, the operators and managers of these are considered stakeholders 

[2]. However, various technological barriers limit the ability of both end users and stakeholders 

to provide flexible services, thereby introducing new challenges [3], [4]. 

Several technological barriers, in the electromobility field, to offer flexibility services include 

limitations in Electric Vehicles Supply Equipment (EVSE), charging infrastructure, 

communication, control and monitoring concerns, financial, regulatory, and social [3], [5]. For 

instance, existing grid systems may struggle to support dynamic load adjustments due to 

outdated infrastructure or insufficient digital connectivity. Similarly, privacy concerns 

surrounding energy usage data discourage some consumers from adopting smart 

technologies, while interoperability issues complicate the integration of diverse energy devices 

and platforms. Additionally, many consumers lack user-friendly interfaces and automation 

tools that could simplify their participation in flexibility services [3]. 

The central focus of this task includes the identification of the technological barriers to 

providing flexibility services by the end-users aiming to propose possible solutions and their 

requirements associate. The analysis covers the identification of flexibility services offered by 

EVs, HDEVs and electric vessels, state-of-the-art revision, characterization of flexibility 

services, categories of the barriers, and the relationship between flexibility services and 

stakeholder roles, as shown by Figure 1. Moreover, this task investigates the technical needs 

for future e-mobility solutions, including the Light Electric Vehicles (LEV), Passenger 

Transportation Electric Vehicles (PTEVs), Heavy-Trucks Electric Vehicles (HTEVs), and 

electric vessels. These insights will serve as a foundational basis for further development in 

WP3 that is focused on the creation of  EV‑specific flexibility programmes, model and quantify 

their behaviour for grid planning, validate them in a dedicated simulation tool, and set out 

contracting and pre‑qualification rules so EV fleets can enter flexibility markets, where the 
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findings will be applied to facilitate enhanced end-user engagement in flexibility services. 

Ultimately supporting a stable, optimized, and resilient grid system.   

The present document is divided into 5 Sections. After the introduction section (Section 1), 

Section 2 provides a characterisation of flexibility services. Section 3 presents the 

technological obstacles to providing flexibility services. Section 4 details the potential solutions 

and requirements to enable flexibility services. The technical need for upcoming e-mobility is 

presented in Section 5. Finally, Section 6 wraps up with some overall conclusions and 

recommendations. 
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Figure 1 – Framework for identifying and enabling End-User flexibility services. 
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2. CHARACTERIZATION OF FLEXIBILITY SERVICES. 

The prominence of flexibility services aimed at supporting network operations is increasing 

considerably. In this context, Electric Vehicles (EVs) present a compelling option because they 

can function both as loads and as energy sources. Moreover, since EVs remain idle 

approximately 80% of the time, if the infrastructure and regulations allow, the EV can be 

connected to a EVSE [6], which provide a substantial window for control. The advent of V2X 

(Vehicle-to-Everything) technology, including V2H (Vehicle-to-Home), V2B (Vehicle-to-

Building), and V2V (Vehicle-to-Vehicle), further enhances the potential of EVs to deliver 

flexibility services [7]. A thorough characterisation of these services is essential for 

understanding how and to what extent EVs can participate, as well as for anticipating and 

addressing the possible barriers that may hinder their efficient and advantageous engagement 

[2]. This section aims to systematically analyse and characterize the flexibility services 

provided by EVs, HDEVs, and vessels. By providing a holistic understanding of these 

resources, this research seeks to inform the development of strategies and policies that 

maximize their contributions to sustainable and resilient energy systems. Through this 

characterisation, the research underscores the transformative potential of mobility-driven 

flexibility solutions in advancing the energy transition. 

2.1. Flexibility Services Characterisation 

Flexibility services refer to the ability of the power system to modify electricity production or 

consumption in response to variability, both anticipated and unexpected [1]. They are useful 

for balancing supply and demand, guaranteeing grid stability, and supporting the RES 

integration. From the Transmission System Operator (TSO), flexibility services play a crucial 

role in balancing the electricity system in real time by providing frequency services to address 

mismatches between demand and generation. Meanwhile, for DSOs, flexibility services can 

manage local distribution networks, for instance by curbing the demand of Distributed Energy 

Resources (DERs) during peak periods to prevent the need for additional infrastructure 

investments and to enable additional consumers to be connected to the network. Moreover, 

market actors actively collaborate to solve their issues by trading import and export capacity 

between sites, which facilitates increased local generation or consumption and avoids delays 

associated with new infrastructure investments. Furthermore, flexibility services can help to 

avoid several problems such as voltage fluctuations, distribution network overloads, and 

outage or system fault. On the other hand, from the user-end point of view, aspects such as 

cost reduction, customer satisfaction, increased revenue, and energy independence can be 

offered through flexibility services.   
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Flexibility services supported by EVs, HDEVs, and electric vessels involve management of 

these to help with the balance between the demand and production. For instance, when 

implementing smart charging strategies, the EV charging profile is adjusted to network 

conditions, allowing participation in flexibility services without negatively impacting users' 

energy transportation needs. A novel approach models this flexibility as a "virtual energy 

storage," representing the potential deviation from uncontrolled charging while respecting 

mobility needs. This method provides a scalable way to integrate EVs into energy systems, 

enhancing their role as flexible assets [8].  

In the case of HDEVs, aggregating multiple HDEVs into a coordinated network amplifies their 

collective flexibility potential, making it more impactful for grid services. This coordinated 

approach enables HDEV fleets to participate effectively in ancillary services, such as 

frequency regulation and load balancing, thereby contributing to overall grid stability. Pilot 

projects, like the one initiated by BC Hydro in Canada, are exploring the feasibility of such 

integrations, aiming to push electricity back to the grid from the batteries of medium- and 

heavy-duty EVs [11]. 

Electric vessels, particularly those operating on short routes such as ferries and tugboats, can 

serve as flexible loads or energy sources within the grid [9]. While the application of V2G 

technology in maritime contexts is still emerging, the potential for vessels to participate in grid 

services exists, especially when docked and connected to shore power. The development of 

high-capacity charging systems, like the MCS, further supports the feasibility of integrating 

electric vessels into grid flexibility frameworks. Their substantial battery capacities and 

predictable operational schedules position them as valuable assets in providing various grid 

services. Vessel-to-Grid technology enables bidirectional energy exchange between electric 

vessels and the power grid. This allows vessels to supply stored energy back to the grid during 

peak demand periods and recharge during off-peak times, thereby assisting in grid 

stabilization and balancing. A pioneering demonstration of this concept is the Vessel-Based 

Energy Storage System (VBEV) project, which explores scenarios where electric vessels 

export energy to the grid for flexibility and balancing services [10]. This initiative highlights the 

potential of vessels to act as mobile energy storage units, supporting both port operations and 

the broader electrical grid. Figure 3 shows an overview of the flexibility services involving EVs, 

HDEVs, and electric vessels. With the implementation of V2X technology, vehicles can adjust 

their charging levels in response to grid demands, either to feed power into the grid when 

there are peaks in demand or to absorb power when there is high generation and low demand. 

By leveraging bidirectional charging, V2H enables energy stored in an EV's battery to flow 
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back into a home’s electrical system, reducing reliance on the grid and lowering electricity 

costs. This bidirectional energy flow not only aids in grid stabilization but also provides 

economic incentives for EV owners through energy trading opportunities [11], Figure 2 shows 

the main differences in terms of energy flow between V2G and V2H.  

 

Figure 2 – V2G and V2H technologies differences. 

 

The flexibility services can be divided into demand response, marked based, and from the 

user’s point of view, namely, end-user flexibility services, as detailed in the following 

subsections. 

 

2.1.1. Demand response 

Demand Response (DR) is a strategy in which consumers voluntarily adjust their electricity 

consumption in response to price signals or incentives, helping to balance supply and demand 

on the electricity grid, especially during peak periods [12]. In the context of e-mobility, EVs 

presents both challenges and opportunities for DR programs [13]. EV charging significantly 

increases electricity demand, potentially straining grid infrastructure. However, by integrating 

EVs with DR strategies, Charging Point Operators (CPOs) and EV users, by accepting to 

participate in these programs, can mitigate these impacts. DR can be implemented with 

multiple approaches, depending on the complexity of the targeting issues [14]. DR programs 

vary based on their objectives, triggering mechanisms, control strategies, and participant 

involvement, a detailed classification is presented below:  
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• Price-based DR: in this kind of DR the consumers allow to adjust their demand, aiming 

to solve congestion management problems, in response to dynamic pricing signals. 

For instance, Time-of-Use (ToU), in which customers are encouraged by fluctuating 

electricity prices throughout the day to adjust their usage to off-peak hours when 

energy costs are lower. Critical Peak Pricing (CPP), in which, during periods of high 

demand, prices are notably high to discourage excessive consumption, and Real-Time 

Pricing (RTP), where prices vary throughout the day according to current levels of 

supply and demand, allowing consumers to adapt their usage in response to these 

fluctuations, where utilities offer financial rewards for voluntary or mandatory load 

reductions [13]. 

• Direct load control: In this type of DR, utilities remotely adjust loads, such as HVAC 

systems and water heaters, during periods of grid congestion. Additionally, by 

controlling DERs such as battery storage, solar PV, and microgrids, local demand can 

be met while reducing reliance on constrained transmission lines. Additionally, 

intelligent management of EV charging helps mitigate excessive demand in areas with 

high EV penetration, further alleviating grid congestion [15].  

• Interruptible/Curtailable service: In this DR program, large industrial customers 

agree to reduce their energy consumption to a predetermined level when requested. 

Moreover, the customers receive discounts for this agreement [15]. Or in the opposite 

direction, controlling manageable loads to increase demand during periods of high 

generation, mainly from RES, to avoid wasting production. For example, in the case of 

EVs, in locations where there is a large wind generation, which is not being fully 

utilized, the vehicles can be managed to charge during periods of maximum generation 

and thus avoid wind curtailment [16]. 

• Demand Bidding Programs: In this DR program, consumers propose reducing their 

load at a specified price, and utilities select bids based on their operational needs [15]. 

 

2.1.2. Market-Based Services 

Market-Based services are procured by Distribution System Operators (DSOs), Transmission 

System Operators (TSOs), and flexibility providers by using market mechanisms to procure 

incentives for the flexibility services available on the demand side, helping to reduce 

operational, increment revenues (for market actors), and reduce carbon emissions [17]. The 

demand side can be considered as the prosumers and their management loads. In the case 

of the e-mobility area, the prosumers are the fleet operator, the charging point operator, the 
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e-mobility services provider, and the EV users. Market mechanisms are described below to 

take advantage of the flexibility of prosumers in a cost-effective way.  

• Day-ahead market mechanisms: the day-ahead market is a fixed mechanism in 

which electricity producers and consumers present offers and demands one day 

before delivery, which allows market operators to anticipate system conditions and 

settle the market determines a uniform marginal price.  This market provides platforms 

for trading flexibility services, in which the operations are operated by a local flexibility 

market operator by scheduling generation and load commitments in advance [17]. The 

authors in [18] investigate the role of EV aggregators acting as demand dispatch 

resources and how their performance in real-time markets influences day-ahead 

market outcomes. It highlights the potential for using the flexibility of aggregated EVs 

to improve grid balancing and market efficiency, illustrating that improvements in real-

time market performance can lead to better-informed scheduling decisions in day-

ahead markets. 

• Intra-day market mechanisms: Intraday energy markets are designed to attend real-

time imbalances in power systems by enabling continuous trading closer to the actual 

delivery time, thus enhancing system flexibility and reliability. These markets allow 

participants to respond to unexpected events such as abrupt forecast errors, 

generation outages, or unplanned demand spikes, facilitating rapid adjustments that 

help stabilize the grid [17].  An optimisation framework to trade EV charging flexibility 

services in the continuous intraday market considering the uncertainties related to the 

user behaviours and the market conditions was developed by the authors in [17]. By 

modelling these uncertainties, such as unexpected changes in charging demand and 

market price fluctuations, the proposed method helps market actors make more 

informed and agile trading decisions, overall, it contributes to enhancing grid reliability 

and efficiency. 

• Frequency regulation market mechanisms: Frequency regulation markets are 

designed to select and compensate various participants, such as generators, storage 

systems, and EVs, for their ability to rapidly adjust energy generation or consumption 

while maintaining a stable grid frequency. Participants can provide frequency 

regulation in two ways: up regulation, which involves increasing generation capacity or 

reducing consumption, and down regulation, which involves decreasing generation 

capacity or increasing consumption. In the e-mobility field, EVs can participate by 

reducing their power consumption to offer up regulation or, if the infrastructure permits, 

by injecting power back into the grid through V2G technology [19]. Conversely, for 

down regulation, EVs may be managed to increase their energy consumption or, 



Project: 101160665 — AHEAD — HORIZON-CL5-2023-D3-03 

 
 

D1.2 End-User Flexibility Solutions  Page 20 of 104 

 

where applicable, to avoid doing that from injecting energy into the grid. These markets 

are often structured as competitive, auction-based systems where participants submit 

bids to provide up regulation or down regulation. The market clearing process 

determines which bids are accepted based on criteria such as cost efficiency and the 

technical ability to respond quickly. Moreover, many regions have shifted towards "pay-

for-performance" frameworks where remuneration is linked not only to the amount of 

capacity offered but also to the accuracy and speed of the response [19]. A novel 

bidding strategy that integrates wind power uncertainties with the flexibility of large-

scale EVs for participation in both the day-ahead energy and frequency regulation 

markets is presented by the authors in [19]. The proposed framework optimizes 

bidding decisions by simultaneously addressing the challenges of variable RES and 

the dynamic capabilities of EVs, leading to improved market performance and 

enhanced grid stability. 

 

2.1.3. End-Users Flexibility Services  

This section explores how EVs can benefit from participating in flexibility services. By 

integrating with the smart grid, EV end-users can capitalize on reduced energy costs, 

improved grid stability, and potential revenue streams from ancillary services, all of which 

promote a more sustainable and cost-efficient energy ecosystem. 

• Bill optimisation: bill optimisation services for end users of EVs focus on optimizing 

the total cost of ownership through smart charging strategies. The studies highlight the 

use of real-time data analysis, dynamic price models and demand response programs 

to help drivers schedule load during peak hours and take advantage of the lowest 

electrical rates [20]. Furthermore, optimization algorithms are implemented to balance 

battery performance with cost efficiency, thus improving sustainability and reducing 

operating expenses at the same time. Furthermore, optimisation of the high tariff and 

low tariff, for instance, in price signals DR such as ToU can offer to the users also 

energy bills flat by load shifting since academic work on fare shifting shows that its 

effectiveness depends on establishing a well-calibrated relationship between the high 

and low fare, while research studies emphasize that the physical relationship between 

the length of the HT/LT line also determines the value of this price signal [21], [22]. 

• Reduction of peak power: Through smart charging and V2X technologies, EVs can 

adjust their energy consumption during off-peak periods and discharge stored energy 

during critical intervals of high demand [23]. This dynamic management not only 



Project: 101160665 — AHEAD — HORIZON-CL5-2023-D3-03 

 
 

D1.2 End-User Flexibility Solutions  Page 21 of 104 

 

alleviates stress on the grid but also optimizes asset utilization, leading to greater 

reliability and efficiency of power distribution networks. In addition, grid operators often 

provide financial incentives and tariff benefits to EV owners who actively participate in 

these demand response programs [16], thus aligning economic interests with 

environmental and operational imperatives. 

• Increase of self-consumption: By integrating EVs on site RESs such as solar PV, 

users can optimize the utilization of locally generated energy through smart charging 

and energy management strategies. This integration enables an effective change in 

energy consumption patterns, reducing dependence on grid-supplied energy. 

Consequently, by participating in self-consumption flexibility services, electric vehicle 

owners not only contribute to grid stability and sustainability but also benefit from 

financial incentives and reduced energy costs. The paper in [24] introduces a novel 

green energy usage Index that enhances the integration of PV production for EVs 

charging in smart buildings managed by an aggregator. By leveraging this index, the 

study offers a systematic approach to maximize renewable energy consumption, 

improve energy management efficiency, and reduce reliance on fossil fuels. The 

contribution lies in demonstrating how the index can guide decision-making and foster 

sustainable charging practices, ultimately supporting the transition to a greener energy 

system. 

• Microgrid operation (isolated from the grid): In isolated microgrid environments, 

EVs can function as flexible, mobile energy storage units that enhance operational 

stability and efficiency. By integrating EVs into microgrids can enhance load 

management and grid balancing, as their batteries can store surplus energy from local 

RES during periods of low demand and later discharge during peak usage or 

renewable generation shortfalls. 

• Collective self-consumption (energy communities): Community self-consumption 

flexibility services represent a paradigm shift in local energy management, where 

community members collaboratively utilize on-site renewable energy generation. By 

integrating EVs as mobile storage units into a community energy grid, the flexibility and 

resilience of community self-consumption are significantly improved. EVs can absorb 

excess renewable energy during periods of low local demand and release stored 

energy when generation drops or consumption spikes, thereby mitigating energy 

imbalances and reducing dependence on the external grid. This two-way energy 

interaction not only stabilizes the energy supply to the community but also provides 

EV owners with tangible benefits such as reduced energy costs and incentive 

payments [25]. 
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Figure 3 provides an overview of the flexibility services in e-mobility.  

 

 

 

Figure 3 – Flexibility services characterisation summary. 

2.2. Role of Stakeholders Enabling Flexibility Services 

The integration of EVs, HDEVs, and vessels into flexibility services represents an opportunity 

to enhance power system operation while advancing decarbonisation goals. Realizing this 

potential requires a well-coordinated network of roles and stakeholders, each contributing to 

the development, deployment, and operation of these resources within the energy market [26], 

[27]. The interplay between technical, regulatory, and market aspects shapes the participation 

of these Mobile Flexibility Resources (MFRs) in delivering valuable grid services such as peak 

shaving, load balancing, and frequency regulation, among others. The integration of EVs as 

a resource for flexibility services involves complex coordination between various stakeholders, 

including system operators, energy providers, aggregators, grid operators, EV owners, end-

users, charging infrastructure providers, fleet operators, balance responsibility parties, 

charging point operators, e-mobility providers. This section aims to detail the main 

stakeholders involved in the EVs value chain. 

 

2.2.1. System operators  

System operators (SOs) play a pivotal role in the provision of flexibility services using EVs, as 

they are tasked with maintaining the stability, reliability, and efficiency of electricity systems 
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while integrating emerging technologies and addressing changing energy demands [28].  

System operators are entities responsible for ensuring the reliable and secure operation of the 

electrical grid by effectively balancing supply and demand. This role is typically carried out by 

TSO, DSOs, and Independent System Operators (ISOs). TSOs manage the high-voltage 

transmission grid, ensuring that electricity is efficiently and reliably transmitted from power 

generation sources to distribution networks by determining the optimal dispatch of power 

plants and management the transmission system in a specific region. Meanwhile, DSOs focus 

on managing local distribution networks, ensuring that electricity reaches consumers, 

businesses, and industries within their service areas, as well as extending the grid to new 

locations while maintaining high service quality. In markets with restructured generation, ISOs 

assume the system operation function by facilitating wholesale energy markets, setting market 

prices, and balancing supply and demand to ensure the continuous, reliable delivery of energy 

[29]. 

 

2.2.2. Energy providers 

Energy providers is a role executed by an entity that can supply electricity, gas, and other 

forms of energy to consumers [30] while shaping market strategies and operational 

frameworks. These entities purchase energy at wholesale levels and retail it to homes and 

businesses, sometimes even owning and operating their own generation facilities. Moreover, 

in an environment marked by high penetration of RES, energy providers increasingly engage 

in procuring services from EVs, to manage the inherent variability of electricity supply and 

demand [31]. 

 

2.2.3. Aggregators 

An aggregator plays a key role in coordinating and managing the contributions of EVs, electric 

HDEVs, and electric vessels to flexibility services. Aggregators consolidate the capacity of 

multiple MFRs into a single entity capable of participating in energy markets [30]. Their 

responsibilities include predicting energy demand, optimizing dispatch schedules, and 

managing the bidirectional flow of electricity in alignment with grid needs. They have a strong 

interaction with fleet operators by coordinating the needs to make offers in markets reducing 

the risks of global portfolio by participating in demand response programs or in flexibility 

markets. The research work, presented by the authors in [31], presents a mathematical 

optimization framework for scheduling ancillary services, such as frequency regulation and 

spinning reserves, offered by EV aggregators. The model developed integrates EV battery 
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constraints, optimizes aggregator revenue by managing costs and aligning with grid demands, 

and demonstrates the economic and grid benefits of EV fleets through case studies. The 

research in [26] examines the impact of inflexible (uncontrolled) versus flexible (managed) EV 

charging strategies on aggregator operations. It develops a model to analyse how flexible 

charging can optimize aggregator profits by reducing peak demand, leveraging variable 

electricity prices, and providing ancillary services, while accounting for technical constraints 

such as EV battery capacity and user preferences. Through comparative analysis, the paper 

highlights the operational and economic advantages of flexible charging, including improved 

grid integration, cost savings, and enhanced service reliability, positioning it as a key strategy 

for aggregator profitability and sustainable grid management. 

 

2.2.4. End users  

An end user is someone who, whether acting as an individual or in a social context, seeks the 

freedom to access and use the EV whenever necessary or desired. Although their active role 

in managing the charging process is crucial, they are not expected to depend significantly on 

the specific services offered [32]. The authors in [33] examine the multifaceted value EVs bring 

to households by assessing not only their economic benefit, such as reduced operational and 

maintenance costs, but also their positive environmental impact and potential to integrate with 

home energy systems. The study highlights how the user’s role in managing EV charging, 

while critical, interacts with and is influenced by the design of supportive services. Additionally, 

the paper provides insights into domestic charging behaviours and preferences, suggesting 

that tailoring these services to align with consumer needs can significantly enhance the 

adoption and overall utility of EVs in everyday life. 

 

2.2.5. Fleet operators 

Fleet operators work a transformative role in providing flexibility services, leveraging their 

energy consumption, DERs, and mobility assets to offer flexibility services to support grid 

stability and efficiency [3]. End users and fleet operators contribute to flexibility through 

participation in DR programs. By adjusting energy usage patterns in response to price signals 

or grid operator requests, they help balance load and alleviate grid constraints [34]. 

Residential and commercial end users can shift energy-intensive activities, such as heating, 

cooling, and appliance usage, while fleet operators can align vehicle charging schedules with 

grid needs. 
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2.2.6. Local governments and municipalities 

Local governments and municipalities are key enablers of flexibility services, driving EV 

integration through policies, incentives, and urban planning. They streamline permitting, 

identify optimal charging infrastructure locations, and foster public-private partnerships to 

deploy smart charging solutions aligned with sustainability goals [35]. Additionally, 

municipalities promote public awareness and pilot innovative solutions that could include 

flexibility services demonstrators, facilitating scalability and broader adoption.  

 

2.2.7. Balance responsibility parties 

A Balancing Responsible Party (BRP) is a role executed by an entity responsible for ensuring 

that energy is balanced between input and output from the grid within a specific timeframe. 

They are primarily responsible for managing their electricity portfolio to maintain a balance 

between supply and demand, often through trading in spot energy markets [29]. The main 

responsibilities of a BRP include maintaining balance by ensuring that energy input to the grid 

matches energy output, taking into account any trading activities or energy exchanges; 

forecasting accuracy by preparing accurate forecasts of their expected electricity consumption 

and production; balancing deficits and surpluses by trading in spot markets to adjust for any 

discrepancies between planned and actual consumption or production; and working with 

TSOs by providing forecasts and schedules to operators for load flow calculations and system 

operation. BRPs can be a variety of entities, including producers (electricity generators, 

including renewable energy producers), major customers (large consumers of electricity), 

energy suppliers (companies that supply electricity to end users) and traders (entities that buy 

and sell electricity on the wholesale market) [17]. 

 

2.2.8. Charging Point Operators 

A Charging Point Operator (CPO) is a company that builds, operates, and manages electric 

EV charging infrastructure. They are responsible for installing and maintaining charging 

stations, as well as managing the associated billing, payment, and network communication 

systems. CPOs essentially provide the physical charging infrastructure and back-end systems 

for EV drivers to access. Their responsibilities include installing and maintaining charging 

stations to keep them running reliably, managing the networks to which EVSE are connected, 

enabling features such as real-time monitoring, problem detection, and user authentication. 
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They also handle the back-end software and infrastructure that manages charging sessions, 

billing, payment, and energy management [36].  

 

2.2.10 E-mobility Services Provider  

An EMSP is a company that facilitates EV charging for end-users by managing access to 

charging networks, billing, and customer support. They essentially act as an EV aggregator, 

allowing drivers to access multiple charging networks through a single app or platform, 

simplifying the charging process. EMSPs partner with CPOs and other charging service 

operators to provide drivers with access to a wide range of charging stations, often through 

roaming agreements. They offer a single app or web portal where drivers can locate, navigate, 

and start charging at multiple stations. EMSPs handle the payment process for charging 

sessions, often offering multiple payment options and simplifying the charging process [37]. 
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3. TECHNOLOGICAL OBSTACLES TO PROVIDING 

FLEXIBLE SERVICES 

The steps for a more sustainable society have led to the increase in popularity of Renewable 

Energy Source (RES). However, due to the intermittency of these sources, technical problems 

may arise in the power system, in this way, EVs including HDEVs, and electric vessels play 

an important role in supporting the electrical grid through flexibility services such as load 

balancing, voltage regulation, and congestion management. Nevertheless, despite their 

potential, several technological obstacles hinder the correct participation of EVs in flexibility 

services [3], such as limitation of the availability of Electric Vehicle Supply Equipment (EVSEs) 

to certain necessary power levels, limited charging infrastructure, insufficient number of EVSE 

availability, interoperability problems between communication protocols, and cybersecurity 

problems [38]. In addition to the technological barriers mentioned above, there are problems 

in defining business use cases and difficulties in creating incentive programs [39]. On the other 

hand, regulatory and policy restrictions also represent a challenge, since policies and 

regulations are still fragmented. Finally, social barriers also stand in the way of the adoption 

of EVs in flexibility services, since potential users still show considerable reluctance to trust in 

electromobility. This section provides a detailed examination of the various obstacles 

hindering the provision of flexibility services by EVs. A comprehensive analysis of the specific 

circumstances in each of the three zones targeted for implementation within the AHEAD 

project is conducted, enabling a clear distinction of the barriers faced by each community. 

 

3.1. Electric Vehicle Supply Equipment Barriers 

Several private companies in Europe have successfully delivered flexibility services, 

demonstrating the viability of these solutions in both academic literature and industry practice. 

Consequently, the rationale for installing only EVSE equipped with smart charging and 

communication capabilities is well-established. However, despite this progress, several 

current and future limitations within EVSE must be addressed before the full potential of EV 

flexibility can be realized as follows: 

• A significant constraint is the limited deployment of V2G technology, which restricts 

the participation in some flexibility services. Although V2G is currently advancing, with 

a Technology Readiness Level (TRL) of approximately 7–8, its widespread adoption 

remains hindered by the lack of clear technical standards. Specifically, the Open 

Charge Point Protocol (OCPP) 2.0.1 and the ISO 15118 standard are not yet complete 
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clear in some technical respects [40]. As a result, the technology continues to develop 

along multiple trajectories without a unified industry standard. This lack of 

standardization increases the likelihood that non-V2G EVSE will continue to constitute 

a significant portion of EV charging infrastructure in the foreseeable future, thereby 

limiting the scalability of flexibility services.  

• Another key limitation is the lack of access to the SoC of EV batteries, in the case of 

AC EVSEs, by energy management system and stakeholders like CPOs  [41]. OCPP 

1.6 does not mandate SoC data sharing, forcing EV aggregators to rely on estimated 

consumption based on forecasting models and historical usage patterns. This 

introduces significant uncertainties, reducing the amount of controllable power 

capacity and, consequently, the flexibility services that can be delivered. This, in turn, 

will potentially reduce the need for investments in stationary batteries and other 

technologies whose primary function is to support grid flexibility. Moreover, access to 

SoC data would enable aggregators to optimize charging schedules with greater 

precision, minimizing costs and improving efficiency. This enhanced control could also 

attract more consumers to participate in EV aggregation services, thereby unlocking 

additional flexibility potential through increased market participation. 

• Many flexibility services require accurate measurement of energy consumption for 

billing purposes [42]. However, most of existing charge points are not equipped with 

energy measurement devices. This limitation makes it challenging for EV aggregators 

to offer energy-dependent flexibility services through such chargers.  

Table 1 summarizes the key barriers related to EVSEs. 

Table 1 – Key barriers related to EVSEs. 

Technical barrier about EVSEs Description 

Limited V2G deployment V2G technology is advancing (TRL 7–8) but 
lacks clear industry standards, limiting 
scalability. 

Lack of SoC data access CPOs and aggregators cannot access SoC 
data, leading to uncertainty in power capacity 
estimation. 

Inadequate energy measurement for billing Many charge points lack DSOs-approved 
metering, preventing energy-based flexibility 
services. 

 

3.2. Charging Infrastructure Barriers – Electric Vehicles  

The availability and development of charging infrastructure remain significant barriers, 

particularly when considering different EVs, electric vessels, and HDEVs. These barriers vary 

across European regions due to distinct geographical, economic, and policy-driven factors. 
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This subsection explores how charging infrastructure challenges differ across Nordic Europe, 

Southern Europe, and Western Europe, highlighting regional variations in adoption rates, 

policy frameworks, and technological readiness. 

 

3.2.1. Nordic Europe 

In the Nordic region, charging infrastructure has generally demonstrated the capability to 

provide frequency services, indicating that the necessary aggregated control and surveillance 

systems are in place. However, several key areas require improvement to fully unlock the 

flexibility potential of EVs, as described below:  

• One such area is the availability of EV chargers in residential buildings, which should 

be increased [43]. The right to charge law in Norway [44], establishes that every citizen 

living in a condominium or housing association has the right to charge where they live, 

if they park on the property of the condominium or housing association. Most people 

living in these kinds of buildings can park there. 

• In Denmark and Norway, the load on the low-voltage grid in urban areas often limits 

the expansion of charging infrastructure [45]. Addressing this challenge requires 

greater emphasis and financial support for DSOs to facilitate the rapid upgrading of 

transformers, thereby accelerating the deployment of charging stations.  

• Another barrier is related to charging infrastructure access and usability, for instance, 

in Denmark, EV owners often face significant challenges in accessing charging 

infrastructure, as they are either restricted to a single charging provider or required to 

navigate multiple applications to access a wider network of charge points. Moreover, 

Danish CPOs exhibit distinct business models, creating further market divisions. Some 

operators follow a traditional approach, like conventional petrol stations, where 

revenue is primarily generated from equipment usage fees [46]. In contrast, others 

adopt a more integrated strategy, offering subscription-based models that allow 

customers to charge freely within their network. While the latter approach enables 

CPOs to collect more precise customer data, improving forecasting accuracy, it also 

demands substantial capital investment to develop an attractive and competitive 

charging network that incentivizes customer loyalty.  
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3.2.2. Southern Europe 

Southern European countries, such as Spain, Italy, and Greece, have relatively lower EV 

adoption rates and less developed charging infrastructure [47]. The primary barriers include 

high costs associated with infrastructure deployment, limited policy incentives, and an energy 

grid that is less optimized for high-power charging needs. While coastal regions show potential 

for electric vessel adoption, the expansion of high-capacity charging stations for HDEVs 

remains a significant challenge. Among the technological obstacles to providing flexible 

services for the EVSEs, an important role is played by the electrical infrastructure [1]. To better 

individualize the barriers related to the electrical infrastructure for EVSEs (i.e. charging 

infrastructure) hereafter are listed the main assets of which it is made up of: 

• MV and LV distribution lines (cable or overhead line). 

• MV/LV substations. 

• HV/MV primary substations. 

Different assets can have different barriers. With the increasing demand for EVSE connections 

both in quantity and in kW of power required (up to 2MW), the electrical infrastructure could 

face the following obstacles: 

• The distribution lines, already installed, are facing the ongoing electrification of 

consumption, thereby a high percentage works near its maximum current capacity. 

This can lead to a slowdown in connecting new EVSEs to the grid (e.g. due to the 

necessity to lay a new line with possible dig and related requests of authorizations from 

public entities). 

• Depending on the location of the EVSE, the line can be connected to a different MV/LV 

transformer. This asset is facing a similar issue as for the distribution line i.e. a high 

percentage of them are near to the saturation or already saturated in terms of rated 

power capacity. When it happens, the standard procedure is to change the transformer 

with a powerful one (e.g. from 400kVA to 630kVA). For big cities with high population 

density, this apparently quick and easy solution is not always possible due to space 

limitations inside the transformer room and due to difficulties obtaining the 

authorization (public or private) to build a new larger building. Space limitations in the 

transformer room are caused not only by the necessity of a powerful transformers but 

also by the necessity of adding new LV switch disconnector. 

• In case of high-power connections (e.g. 2MW) it is required availability of medium 

voltage switchgear on the primary HV/MV substation. Such necessity could turn out to 
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be an obstacle cause to no availability of free switchgear and/or no space to add a 

new one. 

The above obstacles could turn into possible barriers for the development of flexible services. 

This is mainly applicable for those areas characterized by high urban density and 

characterized by high temperatures and heat waves that cause a de-rating of the assets 

(mainly cables and transformers) contributing to increase congestion and power losses. The 

implications of EVs integration are not only related to load issues, but also to voltage ones [2]. 

This kind of issue comes up in those areas where lines run for long distances such as rural or 

suburban areas. Voltage drop is considered a barrier for the infrastructure cause DSOs are 

required to follow voltage standards and keep the voltage within the required boundaries.  

 

3.2.3. Western Europe 

In the Portuguese context, there are several barriers associated with charging infrastructure 

for EVs to be able to offer flexibility services, more details are described below: 

• Lack of methods for defining EVSE hosting capacity: This barrier lies in the lack of 

efficient and accurate methods for accurately assessing the impact of EV charging on 

distribution grids. Existing methods often focus on long-term planning and use 

simplified models, which can lead to inaccurate real-time estimations due to the 

unpredictable nature of EV charging demands [48].  

• Lack of monitoring systems in LV: this barrier is related to the limitation of reliable state 

methods for the estimation of real operation conditions of the grid. This can lead to 

several issues, including reliance on EVSE user notifications to identify faults, 

increased risk of equipment damage, and difficulties in capacity management and grid 

planning [49]. 

• Inaccurate planning methods: Inaccurate EVSE planning can lead to issues such as 

underutilization of chargers, overprovisioning of infrastructure, and inefficient 

deployment. Factors contributing to inaccurate planning include insufficient demand 

forecasts, neglect of user behaviour, disregard of new EV users, and failure to consider 

new PV system installed [50]. 

 

3.3. Charging Infrastructure Barriers – Electric Vessels  

Significant charging infrastructure barriers hinder the widespread adoption of electric vessels. 

These include the lack of standardized charging interfaces, limited grid capacity at ports, high 
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capital costs for infrastructure development, and regulatory uncertainties. Addressing these 

challenges is critical to unlocking the full potential of electric vessels in maritime 

decarbonization and grid resilience. This section explores the key charging infrastructure 

barrier, to gain a deeper understanding of the challenges faced by the maritime sector in 

charging infrastructure, it is essential to consider three key categories: (i) Port-related factors 

(ii) Transmission-Related Barriers, and (iii) Vessel-Related Barriers [51].  

• Port-related factors: In the case of technology and operational aspects, port-related 

factors play a crucial role in shaping the adoption and effectiveness of Onshore Power 

Supply (OPS) systems. Key design elements, such as the number and size of berths, 

directly impact on the cost and complexity of implementing OPS services [52]. Early 

studies identified the lack of standardized shore-to-ship connection systems as a 

significant barrier to widespread adoption of OPS [53]. Additionally, limited access to 

adequate power supplies poses a critical challenge [54], [55], [56]. Moreover, Ship 

electrification requires ports to improve their distribution grids to manage the higher 

power requirements. For this port grid enhancements are needed [57].  

• Transmission-related barriers: the installation of cables and the upgrading or 

addition of substations entail substantial costs, presenting a considerable financial 

challenge to the implementation of OPS [52]. Moreover, the design of the existing grid 

in and around the port significantly complicates the process. These complexities 

directly impact the financial and technological feasibility of OPS [58]. Furthermore, 

technical factors, inside the port, such as connection compatibility and discrepancies 

in voltage and frequency pose additional challenges during both the planning and 

operational phases of OPS implementation [59].  

• Vessel-related barriers: different vessels which berth at port are equipped with 

varying auxiliary engines, leading to differences in load factors, power requirements, 

and emissions [53]. Vessel type also affects the duration of port calls, with variations 

depending on the specific operational and power needs of each vessel [60].  

Table 2 illustrates the key barriers related to charging infrastructure for both EVs and 

electric vessels. 
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Table 2 – Key barriers related to charging infrastructure considering regions and categories. 

Region/Category Barriers 

Nordic Europe (Electric Vehicles) • Limited EVSE in residential buildings 

• Overloaded Low-Voltage Urban Grids 

• Charging infrastructure access and usability 

Southern Europe (Electric Vehicles) • Underdeveloped charging infrastructure 

• Distribution lines near capacity 

• Transformer saturation & space limitation 

• Limited HV/MV switchgear availability 

• Voltage drops across long distribution lines 

Western Europe (Portugal, Electric Vehicles) • Undefined EVSE hosting capacity 

• Insufficient low-voltage monitoring systems 

• Inaccurate EVSE planning methods 

Electric Vessels • Standardization & Power Supply at Ports 

• Transmission Infrastructure Challenges 

• Variations in vessels power requirements  

 

3.4. Communication, Monitoring and Control Systems barriers  

Communication, monitoring and control systems in the electromobility sector ensure safer 

operation, efficient energy management and improve the user experience. These systems 

play an important role in the integration of V2X technology, real-time diagnostics, remote 

monitoring and load balancing in smart grids. However, some barriers limit their effective 

implementation, which are detailed in the following subsections. 

 

3.4.1. Communication barriers - EVs 

Several barriers limit effective communication between EVs, EVSEs, CPOs, and SOs. 

• Interoperability issues: one of the most significant is the lack of communication 

protocols across the different load structures, companies that manufacture the car, and 

the energy management systems (EMS). Some global standards regulate 

communication between EVs and EVSEs, including CHAdeMO, the Combined 

Charging System (CCS) and GB/T, each with different communication protocols and 

energy supply mechanisms [61].  

• Fragmentation standards: Multiple global standards for e-Mobility communication , 

for instance, CHAdeMO, for example, is widely used in Japan and is based on the 

CAN bus for communications, supporting bidirectionality (V2X). In the case of Europe 

and North America, CSS is predominant, using ISO 15118 for secure authentication 

and smart loading. On the other hand, China uses the GB/T standard with a variation 

of the CAN bus protocol. Moreover, Building Automation Control System (BACS) and 

EMS rely on OCPP and IEEE 2030.5 to communicate with EVSEs. Moreover, EMSPs 
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offer customer-facing services such as billing, charging network access, and mobile 

applications. These use Open Charge Point Interface (OCPI) and IEEE 2035.5 

OpenADR to integrate EVs with CPOs. In which, OCPI supports functionalities such 

as smart charging among different roaming protocols, OpenADR communicates data 

such as price and event for demand-side management purposes [62]. EMSPs also 

communicate with SOs by using Open Smart Charging Protocol (OSCP) ensuring real-

time price updates and flexible services. Finally, EMSP further communicates with 

roaming platform via open clearing house protocol, Open Intercharge Protocol (OICP) 

that offers ad-hoc payments, authorisations, billing and reservation, and eMobility 

Interoperation Protocol (eMIP) for authorisation, billing and platform monitoring. 

Therefore, the absence of a universal standard results in compatibility problems and 

requires a complex multi-standard adaptation of EVSEs, increasing costs and 

technical complexity [61]. This fragmentation leads to compatibility issues, impeding 

operations such as smart charging and V2G services. The lack of common standards 

also hinders the integration of EVs into the energy market and discourages user 

adoption.  

• Proprietary vs. Open protocols: divergence between open-source and proprietary 

communication protocols that are not compatible with standards such as OCPP further 

limits interoperability and requires dedicated charging infrastructure. On the other 

hand, open protocols encourage standardization, which usually require specific 

original equipment manufacturers (OEMs), further increasing fragmentation. Finally, 

the limited communication capabilities between EV and EVSE, particularly for AC 

charging, remain a significant barrier, as only a small number of EVSE currently 

support such functionality [63]. This barrier is mainly related to use of older protocols, 

network issues, and possible mechanical failures.  A comprehensive analysis of the 

security vulnerabilities inherent in OCPP, a widely adopted protocol facilitating 

communication between EVSE and central management systems is provided by the 

authors in [64]. The authors delineate the various entities involved in OCPP-based 

smart charging scenarios and systematically identify potential security threats 

associated with each component. They highlight that, while OCPP has become the 

standard for EV charging communications, only its latest version, OCPP 2.0, 

incorporates certain security features, leaving earlier versions susceptible to various 

cyber threats. Figure 4 illustrates the key components, protocols, actors involved, and 

challenges in e-mobility related to interoperability between systems and devices 
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Figure 4 – e-mobility ecosystem protocols, standards, actors involved, and barriers. 
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EV communication protocols rely heavily on information exchange between the EV, the EVSE 

and the CPO, making the system vulnerable to cybersecurity threats. One of the issues is 

related to the security vulnerability of EVSE, particularly in the implementation of V2G 

technology. Potential threats include Man-in-the-Middle (MITM) attacks, where hackers 

intercept and manipulate energy transfer or authentication data, unauthorized access due to 

weak authentication mechanisms in legacy charging stations, and Denial-of-Service (DoS) 

attacks that can overload charging networks, disrupting their availability [65]. In addition to 

cybersecurity risks, data privacy concerns emerge as EVs collect vast amounts of sensitive 

information, such as user identity, charging patterns, and vehicle location, which is transmitted 

to cloud-based management systems. This raises significant privacy issues, as regulations 

like the General Data Protection Regulation (GDPR) impose stringent data protection 

requirements, yet compliance varies across different regions and service providers. Finally, 

the provision of flexibility services requires proof of activation, yet excessive data transmission 

could lead to inefficiencies and unnecessary data storage burdens [66], [67] 

 

3.4.2. Communication barriers - Vessels 

The electrification of maritime vessels necessitates robust communication protocols to ensure 

safe, efficient, and interoperable charging processes between ships and port infrastructure. 

These protocols facilitate the exchange of critical information, such as battery status, charging 

parameters, and safety measures, thereby optimizing the charging experience. The 

"handshake" between electric vessels and their charging systems ensures safe and efficient 

marine electrification. Key protocols like the CCS and Megawatt Charging System (MCS) [68] 

[69] enable high-speed charging for vessels, using Basic Signalling (BS) for safety and High-

Level Communication (HLC) [63] for advanced functions like DC charging and load balancing, 

under IEC and ISO/IEC standards. The OCPP [63] ensures interoperability between charging 

stations and management systems, supporting features like smart charging and grid 

integration, with its latest version advancing eMobility services. Additionally, IEC 63110 

establishes standards for managing charging infrastructure and high-level communication 

within the EV ecosystem. Together, these protocols create an efficient, interoperable 

framework driving marine electrification and sustainable mobility [70]. Dedicate maritime-

specific standards also play a critical role in ensuring the safety and efficiency of shore-to-ship 

power systems and communication in marine electrification. These standards address system 

design, installation, and testing while emphasizing the use of certified intrinsically safe 

systems or fiber-optic solutions for ship control and monitoring cables. Hardline telephones 

are recommended for voice communication between ship and shore control locations, while 
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fiber-optic systems are preferred for data communication links. Emergency shutdown 

functions are managed through pilot conductors, as specified in IEC 62613-1 and IEC 62613-

2:2016, with onshore protection equipment alarms transmitted to the ship via a data 

communication link when available [71]. Complementing this, the European Maritime Safety 

Agency (EMSA) provides guidelines for shore-side electricity, largely based on IEC 80005 

standards. The EMSA guidance utilizes IEC/IEEE 80005-2 to define data interfaces and 

procedures for monitoring and controlling high and low voltage shore connection systems [72]. 

It specifies communication requirements for cruise ships and outlines interface descriptions, 

data types, and addressing for HVSC systems while addressing potential future standards for 

low voltage systems. Moreover, the ChaoJi protocol, though not explicitly tailored for maritime 

use, presents high-power capabilities suitable for marine applications, with a charging capacity 

of up to 1.2 megawatts (1500V x 800A). This makes it a promising option for large marine 

vessels requiring rapid charging. Together, these standards and protocols advance the 

development of safe, efficient, and scalable shore-to-ship power and communication systems, 

facilitating the transition to sustainable maritime operations [73]. The main barriers for 

communication protocols in the maritime sector can be listed as follow [74]: 

• The lack of standards for connecting shore-to-side power [75]. The ship charging 

process lacks sufficient standards when compared to cold-ironing practices particularly 

for dc-based charging systems. 

• There are wireless charging infrastructures which could be susceptible to spoofing 

attacks [76]. 

• Lack of universal communication protocol for charging for all over the world.  

Table 3 summarizes the key barriers related to communication for both EVs and electric 

vessels. 
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Table 3 – Key barriers related to communication: EVs and electric vessels. 

Barrier  Description  

Interoperability issues Diverse standards (e.g., CHAdeMO, CCS, GB/T) create 
compatibility challenges, requiring complex adapters and 
increasing costs. 

Fragmentation standards Multiple global standards for e-Mobility communication 
complicate operations like smart charging and energy market 
integration. 

Proprietary vs. Open protocols Some manufacturers use proprietary systems instead of open 
standards (e.g., OCPP), limiting interoperability and requiring 
dedicated infrastructure.  

Limited adoption of open protocols Open protocols (e.g., OCPP, OCPI) lack widespread support 
from OEMs, leading to further industry fragmentation. 

Cybersecurity threats EV communication systems are vulnerable to attacks like MITM, 
DoS, and weak authentication mechanisms. 

Data Privacy Concerns EVs collect sensitive data (user identity, charging patterns, 
location), raising privacy issues and compliance challenges with 
regulations like GDPR. 

Main Barriers for electric vessels  • Lack of global standard for shore-to-ship DC charging 

• Wireless communication vulnerabilities  

• Absence of universal communication protocol 

Limited communication capabilities in AC 
charging 

Few EVSEs support advanced communication functions due to 
outdated protocols, network issues, or mechanical failures, 
restricting effective EV–EVSE interaction. 

 

3.4.3. Monitoring and Control system barriers 

The implementation of effective monitoring and control systems in eMobility faces significant 

technological and infrastructural barriers. Some of them are described below: 

• EMS real-time analytics and control, effective grid management requires fast 

decision-making. Nevertheless, designing algorithms capable of real-time optimization 

is challenging, given the stochastic nature of EV charging (influenced by user 

behaviour and unpredictable energy requirements) and the need to consider multiple 

objectives simultaneously (e.g., cost savings, grid stability, battery preservation) [77]. 

• Optimisation under uncertainty: EV behaviour is inherently variable, therefore, 

prioritising between user-specific factors (such as the need for immediate departure or 

long-term battery health) versus grid requirements (like DR events) can be handled 

through multi-objective optimization frameworks. However, uncertainty in both the 

forecasted energy demand and user mobility patterns makes it difficult to design 

universally optimal control schemes [78]. 

• Adaptive prioritisation and scheduling for parking lots: parking lot operation tools 

must accommodate various user scenarios, some users may prioritize a rapid charge 

because of time constraints, while others might focus on cost savings. Integrating 

adaptive scheduling mechanisms to dynamically assign charging priorities based on 

real-time conditions adds another layer of complexity [79].  
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• RES and parking lots integration into the power system: when parking lot systems 

are linked to local grids or RES (such as solar panels installed on parking structures), 

synchronization challenges arise, such as renewable energy intermittency, the need 

for advanced inverters and storage solutions to maintain power quality and stability 

[79].   

Table 4 illustrates the key barriers related to monitoring and control 

Table 4 – Key barriers related to monitoring and control barriers. 

Barriers Description  

Real-time control and 
communication  

• Real-time control systems rely on low-latency networks for 
responsiveness 

• Essential for effective monitoring and control of EV operations 
 

Interoperability and 
Standardization 

• Lack of standardized communication protocols among different EV 
models and manufacturers complicates system integration 

• Standardized data protocols are needed to fully utilize real-world EV 
data 

EV Development & Control 
Methods 

• Effective EV development depends on integrating EVs into the 
broader power system 

• Requires a robust target system that aligns construction objectives 
with power system principles 

• Control methods must consider the complexity and uncertainty of 
large systems 

Data Acquisition & Processing Integration of sensors and IoT devices generates vast datasets 

 

3.5. Business Models Definition Barriers 

The complexity of the EV ecosystem and the evolving nature of grid integration create 

challenges in developing viable and sustainable business models. One key barrier is the lack 

of standardized approaches for valuing and monetizing EV flexibility services. From an 

ecosystem point of view [39], this gap makes it difficult for stakeholders to quantify the potential 

benefits and risks associated with EV flexibility services. The insufficient scale of flexibility 

services participation is crucial to be economically viable [80]. This requires both enough EVs 

to participate and operators to set up the market. Additionally, the implementation of EV 

flexibility services often requires significant upfront investments in infrastructure and 

technology [3]. The uncertainty surrounding the economic benefits of increased flexibility, 

coupled with a lack of financial instruments, leads to high capital costs due to perceived risks. 

Another obstacle is the requirement of a cross-sector stakeholder collaboration in the 

development of business models. The EV flexibility ecosystem involves various actors, 

including CPOs, system operators, and energy providers. Coordinating these diverse interests 

and aligning their business objectives presents a significant challenge. Furthermore, the 

evolving regulatory landscape adds uncertainty to business model development. The lack of 

clear regulatory frameworks for local flexibility trading and uncertain roles of DSOs act as 
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bottlenecks to the creation of viable business models [81]. Table 5 illustrates the key barriers 

related to business models definition.  

 

Table 5 – Key barriers related to business models definition. 

Barriers Description  

Lack of standardized valuation No clear method to value and monetize EV flexibility services, making it 
hard for stakeholders to assess benefits and risks. 

Insufficient scale of participation A minimum number of EVs and operators are needed for flexibility 
services to be economically viable. 

High upfront investment costs Significant infrastructure and technology investments are required, with 
economic benefits uncertain. 

Lack of financial instruments The absence of financial mechanisms increases capital costs due to 
perceived risks. 

Cross-sector stakeholder 
coordination 

Business models require collaboration between multiple stakeholders 
with different interests. 

Regulatory uncertainty Evolving policies and unclear frameworks for local flexibility trading 
create barriers for business model development. 

 

3.6. Regulatory Barriers 

In this section the main regulatory barriers in European Union (EU) regulations and directives 

are identified. The analysis identified areas where regulations and directives lack requirements 

that inhibit interoperability among the various actors involved in flexibility services. All 

regulations are binding legislative acts, that must be applied in their entirety across the EU. 

Directives are legislative acts that set goals that EU countries must achieve. Figure 4 

illustrated the actors that need to exchange information to be able to use the EV for flexibility 

services. Moreover, Europe has a range of regulations and directives that effect the 

introduction of flexibility services from EVs. The most important ones are summarising in Table 

6. 
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Table 6 – Regulations and directives relating to EV flexibility services provision. 

Regulation or Directive Entity  Date Purpose  

REGULATION (EU) 
2023/1804 

THE EUROPEAN 
PARLIAMENT AND OF 
THE COUNCIL 

13 September 
2023 

The deployment of alternative 
fuels infrastructure – (AFIR) 

DIRECTIVE (EU) 2024/1275 THE EUROPEAN 
PARLIAMENT AND OF 
THE COUNCIL 

24 April 2024 The energy performance of 
buildings – (EPBD)  

DIRECTIVE (EU) 2019/944 THE EUROPEAN 
PARLIAMENT AND OF 
THE COUNCIL 

5 June 2019 Common rules for the internal 
market for electricity 
(CRIMED) 

REGULATION (EU) 
2023/1542 

THE EUROPEAN 
PARLIAMENT AND OF 
THE COUNCIL 

12 July 2023 Concerning batteries and 
waste batteries, amending 
Directive 2008/98/EC and 
Regulation (EU) 2019/1020 
and repealing Directive 
2006/66/EC (BATTREG) 

DIRECTIVE (EU) 2023/2413 THE EUROPEAN 
PARLIAMENT AND OF 
THE COUNCIL 

18 October 2023 Regards the promotion of 
energy from renewable 
sources (RED). Amending 
Directive (EU) 2018/2001, 
Regulation (EU) 2018/1999 
and Directive 98/70/EC 

REGULATION 2019/943 THE EUROPEAN 
PARLIAMENT AND OF 
THE COUNCIL 

5 June 2019 The internal market for 
electricity (IME) 

DIRECTIVE (EU) 2019/944 THE EUROPEAN 
PARLIAMENT AND OF 
THE COUNCIL 

5 June 2019 Common rules for the internal 
market for electricity (RUIME) 

REGULATION (EU) No 
1025/2012 

OF THE EUROPEAN 
PARLIAMENT AND OF 
THE COUNCIL 

25 October 2012 European standardisation 

 

3.6.1. AFIR – Alternative Fuels Infrastructure 

 The Alternative Fuels Infrastructure Regulation (AFIR) replaces Directive 2014/94 on the 

deployment of alternative fuels infrastructure. Its primary objective is to establish binding 

targets for Member States to ensure the implementation of adequate infrastructure to support 

alternative fuels and promote sustainable mobility across the EU [82]. The regulation includes 

multiple provisions outlining Europe's strategy to develop a flexible and sustainable alternative 

fuels infrastructure. For example, paragraphs (28) and (30) of AFIR emphasize the necessity 

of standardised measures to enhance communication interoperability. However, Annex II—

Technical Specifications, paragraph (2), does not specify any such standards. Instead, it 

contains placeholder sections intended for the future inclusion of relevant technical standards, 

which remain undefined. Additionally, paragraph (29) highlights the role of smart metering in 

conjunction with smart charging to optimize the efficiency of recharging infrastructure. In this 

context, Directive (EU) 2019/944 of the European Parliament and the Council [83] specifies 

that smart metering systems should facilitate real-time data generation to maintain grid 

stability and promote the rational use of recharging services. Furthermore, paragraph (71) of 

AFIR encourages the establishment of technical specifications in cases where common 
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standards are necessary but have yet to be developed. Article 15 mandates that all Member 

States evaluate the extent to which the deployment and operation of recharging points can 

enhance the flexibility of the energy system. Within Annex II: Technical Specifications, several 

critical areas lack defined standards for communication interoperability, which are particularly 

relevant to the AHEAD project, moreover, there also needs to be standards for communication 

between the recharging systems and the building automation and control systems. This should 

also include communication with smart metering systems and/or solar PV systems. These 

technical specifications are detailed in Table 7. 

Table 7 – Technical specifications in AFIR relevant for the AHEAD project without official EU 
standard – Annex II AFIR. 

Technical specifications for 
electricity supply for road 

transport  

Technical specifications for 
communication exchange in the 
electric vehicle recharging sector 

Technical specifications for 
electricity supply for maritime 

transport and inland navigation 

1.6. Technical specifications 
regarding the connector for 
recharging HDEV (DC charging) 

2.1. Technical specifications 
regarding communication between the 
EV and the recharging point (V2G 
communication).  

5.4. Technical specifications for 
shore-side battery recharging points 
for maritime vessels, featuring 
interconnectivity and system 
interoperability for maritime vessels.  

1.7 Technical specifications for 
inductive static wireless 
recharging for passenger cars 
and light-duty electric vehicles.  

2.2. Technical specifications 
regarding communication between the 
recharging point and the recharging 
point management system (back-end 
communication).  

5.5. Technical specifications for 
shore-side battery recharging points 
for inland navigation vessels, 
featuring interconnectivity and 
system interoperability for inland 
navigation vessels.  

1.8 Technical specifications for 
inductive static wireless 
recharging for heavy-duty electric 
vehicles.  

2.3. Technical specifications 
regarding communication between the 
recharging point operator, 
electromobility service providers and 
e-roaming platforms.  

5.6. Technical specifications for 
vessel-to-port grid communication 
interfaces in automated onshore 
power supply (OPS) and battery 
recharging systems for maritime 
vessels.  

1.9. Technical specifications for 
inductive dynamic wireless 
recharging for passenger cars 
and light-duty electric vehicles.  

2.4. Technical specifications 
regarding communication between the 
recharging point operator and the 
distributed system operators. 

5.7. Technical specifications for 
vessel-to-port grid communication 
interfaces in automated onshore 
power supply (OPS) and battery 
recharging systems for inland 
navigation vessels.  

1.10. Technical specifications for 
inductive dynamic wireless 
recharging for heavy-duty-electric 
vehicles.  

No information  5.8. If technically feasible, technical 
specifications for battery swapping 
and recharging at onshore stations 
for inland navigation vessels. 

1.11. Technical specifications for 
inductive static wireless 
recharging for electric buses.  

No information  No information  

1.12. Technical specifications for 
inductive dynamic wireless 
recharging for electric buses.  

No information  No information  

1.13. Technical specifications for 
electric road system for dynamic 
overhead power supply via a 
pantograph for heavy duty 
electric vehicles.  

No information  No information  

1.14. Technical specifications for 
electric road system for dynamic 
ground level power supply 
through conductive rails for 
passenger electric cars, light-duty 
electric vehicles and heavy-duty 
electric vehicles.  

No information  No information  
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On the 2nd of December 2024, the EU publicised four new draft annexes to this document. 

Annex II has now standards identified for point 1.6, 1.7, 1.14 [84]. There are also standards 

identified for point 2.1. This means that there now are standards identified for the connector 

for high power DC recharging of HDEVs and for inductive static wireless recharging for light-

duty EV. However, no standard for megawatt charging is identified. Technical specifications 

for electric road system for dynamic ground level power supply through conductive rails for 

light and HDEVs are also identified. When we look at the new specifications for the 

communication in the EV sector, only standards for the communication between the EV and 

the EVSE are identified.  We are still missing standards for the communication between the 

CPOs and EVSE management system, between the CPOs, EMSP and e-roaming platforms 

and between the CPOs and the SOs. Figure 5 illustrates the standards and actors defined in 

AFIR (draft Annex 2). It also highlights the gaps where relevant standards and actors for the 

AHEAD project are missing. 

 

Figure 5 – Standards and actors defined in AFIR including gaps where relevant standards and 
actors for the AHEAD project are missing.  

 

3.6.2. EPBD - Energy Performance of Buildings 

This directive, a revision of the 2010/31/EU directive [85], introduces a range of policies aimed 

at achieving a zero-emission building stock by 2050 [86]. A key aspect of this objective is 

ensuring flexibility in the integration of EVs. In paragraph (12), the directive encourages 

Member States to implement measures that maximize the use of on-site renewable energy, 

including the recharging of EVs. Paragraph (49) emphasizes the significance of recharging 

infrastructure in buildings, as these locations serve as regular and long-term parking spaces 
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for EVs. It further notes that recharging points in private spaces can enhance energy storage 

capacity for the associated buildings through smart and bi-directional charging. Similarly, 

paragraph (52) stresses the necessity of ensuring the implementation of smart and bi-

directional recharging. Paragraph (14), titled "Infrastructure for Sustainable Mobility," calls 

upon Member States to eliminate barriers that hinder individuals from installing recharging 

points in their designated parking spaces. In paragraph 8, the directive explicitly mandates the 

removal of obstacles to the installation of recharging infrastructure in residential buildings with 

parking facilities, allowing refusals of such requests only based on serious and legitimate 

grounds, although it does not specify what constitutes legitimate grounds. The Norwegian 

“Right to Charge” law for housing associations and condominiums may serve as a reference 

for implementing such provisions. Additionally, Article 15, "Smart Readiness of Buildings," 

stipulates the introduction of an optional, EU-wide scheme for assessing the smart readiness 

of buildings, with a focus on their ability to adapt operations to occupant needs, respond to 

grid demands, and improve energy efficiency. The Smart Readiness Indicator (SRI), which 

forms a core component of this scheme, remains undefined, and its methodology for 

calculation is yet to be developed.  

Annex IV of the directives outlines a general framework for this rating system. Furthermore, 

Article 16, "Data Exchange," specifies the types of data that must be made available, including 

the energy performance of building elements and services, building automation and control 

systems, meters, measuring and control devices, and EV recharging points. In paragraph 5, 

the directive mandates that the European Commission, by 31 December 2025, adopt 

implementing acts establishing interoperability requirements and ensuring non-discriminatory 

and transparent procedures for data access. However, the directive does not include technical 

specifications; instead, Article 16, paragraph 6, references Article 21 of AFIR, which mandates 

that recharging and bi-directional recharging points utilize non-proprietary and non-

discriminatory communication protocols and standards. 

 

3.6.3. CRIMED – Common rules for the internal market for electricity  

This document establishes common rules for the internal electricity market in Europe, a 

framework that has been progressively implemented across the European Union since 1999 

[87]. The directive is primarily focused on the decarbonization of the energy system, 

addressing both the opportunities and challenges this transition presents for new market 

participants. Emphasizing the role of technological advancements and innovative energy 

businesses, the directive aims to facilitate consumer engagement in the energy transition. It 

should be read in conjunction with Regulation (EU) 2019/943 on the internal market for 
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electricity (IME), which is further examined in the next chapter, particularly concerning EV 

charging and flexibility.  

In paragraph 40, the directive underscores the significant role electromobility can play in 

reducing emissions within the transport sector. It highlights that market rules should contribute 

to fostering a conducive environment for all types of EVs by ensuring the effective deployment 

of both publicly accessible and private recharging infrastructure, as well as the seamless 

integration of vehicle charging into the electricity system. Paragraph 41 further elaborates on 

the importance of demand response through smart charging, which is essential for integrating 

EVs into the electricity grid. Meanwhile, paragraph 42 stresses the need to enable consumers 

to consume, store, and sell self-generated electricity while also contributing to system flexibility 

through the storage capacity of their EVs. However, the directive acknowledges the existence 

of legal and commercial barriers, such as excessive fees on self-consumed electricity and 

obligations to feed self-generated electricity into the grid. 

Paragraph 51 encourages Member States to modernize distribution networks by implementing 

smart grids, which should be designed to support decentralized energy generation and 

improve overall energy efficiency. Furthermore, paragraph 52 highlights the role of smart 

metering systems in enabling consumer participation in the energy market by providing 

accurate and near real-time feedback on energy consumption and generation. To remove 

obstacles to switching energy suppliers, paragraph 55 recommends that Member States adopt 

standards ensuring interoperability at both the data model and application layer for smart 

meters. 

This is important, since a study done by the Norwegian Consumer Council [88] has shown 

that missing standards for interoperability between smart meters prevents competition in the 

energy market and removes incentives for people to use smart-meters to dynamically control 

power demanding appliances. In paragraph (61) the directive requires that the DSO must 

integrate new energy generation, especially from RES, and new loads such as those that 

result from EVs and heat pumps in a cost-efficiently way. This should be done in a way that 

reduces the need for costly network expansions while at the same time, among others, 

supporting the electrification of the transport sector.     

In Chapter II, “General rules for the organisation of the electricity sector”, article 3, 

“Competitive, consumer-centred, flexible and non-discriminatory electricity markets”, 

paragraph 1 the directive states that the Member States have to adjust their national laws, so 

that they don’t unduly hamper “consumer participation, including through DR, investments 

into, in particular, variable and flexible energy generation, energy storage, or the deployment 
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of electromobility“. This same paragraph also states, “that electricity prices reflect actual 

demand and supply”. In article 5 “Market-based supply prices” the document requires that the 

protection of energy poor and vulnerable household costumers should be done with other 

means than public interventions in the price setting for electricity. Some European countries, 

including Norway, provide price subsidies on electricity to households once prices exceed a 

specified rate per kWh. This gives less incentives to use smart charging and to use the EV ‘s 

car battery for V2G. In addition, this has also reduced new investments in renewable energy 

sources like solar energy and energy storage in batteries.  

In article 23 and 24 the directive describes the data management and interoperability 

requirements and procedures for the access to these data. The data should include: 

• Metering and consumption data 

• Data required for customer switching 

• Data required for demand response 

• Other services. 

 

3.6.4. IME – The internal market for electricity  

This regulation outlines the fundamental principles of the new electricity market design, 

emphasizing mechanisms for enhancing flexibility and establishing requirements for the 

development of RES [89]. It also defines rules in various domains, including capacity 

mechanisms and cooperation among transmission system operators. Article 30 delineates the 

responsibilities of the European Network of Transmission System Operators for Electricity 

(ENTSO-E), assigning it the task of contributing to the establishment of interoperability 

requirements and ensuring non-discriminatory and transparent procedures for data access, 

as stipulated in Article 24 of CRIMED. 

One of the key challenges identified in integrating EVs into the electricity grid for power 

delivery is the variation in Grid Codes across Europe. In paragraph 18, the regulation 

references Commission Regulation (EU) 2016/631, which specifies the requirements for the 

grid connection of power-generating facilities to the interconnected system. Although this 

regulation primarily addresses synchronous power-generating modules, Articles 66 and 67 

clarify that it does not apply to power-generating modules classified as emerging technology, 

except for Type A modules, which have a connection point below 110 kV and a maximum 

capacity ranging from 0.8 kW to 1.5 MW, as outlined in Article 30. Additionally, Article 59 

empowers the European Commission to establish network codes governing, among other 
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aspects, the grid connection of generators and the connection of demand units providing DR. 

These provisions encompass rules on aggregation, energy storage, and demand curtailments, 

further supporting the integration of renewable energy and flexible energy management within 

the electricity market. 

 

3.6.5. BATTREG – Batteries and waste batteries 

One of the key barriers to utilizing EV batteries for flexibility services has been the uncertainty 

surrounding battery degradation when used for energy storage. The BATTREG document 

establishes rules regarding the sustainability, performance, safety, collection, recycling, and 

second life of batteries, as well as the provision of information to end-users and economic 

operators [90]. The latter aspect is particularly relevant in this context. Paragraph 34 of the 

regulation references the work of the informal UNECE Working Group on Electric Vehicles 

and the Environment, which has developed in-vehicle durability requirements to be 

incorporated into Union law through future regulations on type approval of motor vehicles, 

engines, and related components, specifically under the upcoming Euro 7 Regulation. 

Additionally, paragraph 46 mandates that battery management systems must provide real-

time information on the state of health and expected lifetime of batteries. The document 

specifies that these requirements will supplement existing Union regulations on vehicle type 

approval, which serve as the appropriate legal framework for addressing smart charging 

functionalities such as V2G, vehicle-to-load (V2L), V2V, vehicle-to-powerbank, and V2B 

charging. Article 14, titled Information on the State of Health and Expected Lifetime of 

Batteries, stipulates that from 18 August 2024, the state of health and expected lifetime of 

batteries must be recorded in the battery management system and made accessible to any 

natural or legal person who has legally purchased the battery. This includes independent 

operators, waste management entities, or third parties acting on their behalf, for purposes 

such as making the battery available to independent aggregators or market participants for 

energy storage, assessing the residual value and remaining lifetime of the battery, and 

facilitating its reuse, repurposing, or remanufacturing. However, the existing battery regulation 

will not be repealed until 18 August 2025, allowing manufacturers to continue placing batteries 

on the market under the old framework until that date. 

Annex VII defines parameters for determining battery state of health and expected lifetime, 

yet for EV batteries, only the parameter state of certified energy (SOCE) is specified. There 

are no established parameters to assess the expected lifetime of EV batteries, which would 

be particularly relevant for owners intending to use their vehicles for bidirectional energy 

transfer (V2X). In contrast, such parameters have been defined for stationary and light mobility 
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traction (LMT) batteries. Notably, original equipment manufacturers (OEMs) offering 

bidirectional power transfer are increasingly imposing restrictions on the number of hours and 

kilowatt-hours that can be used for V2G, highlighting the need for standardized data collection 

and reporting on these aspects. The document refers to the Official Journal of the European 

Union for applicable standards, citing Regulation (EU) No 1025/2012 as the basis for the 

European Commission's assessment of harmonized standards. However, it does not 

reference any specific standards for the exchange of battery information, an omission that 

could hinder the broader integration of EV batteries into flexibility services 

 

3.6.6. RED – Energy from renewable sources 

The European Union has set an ambitious goal of achieving climate neutrality by 2050, with 

renewable energy playing a fundamental role in this transition. To support this objective, the 

directive establishes a target to increase the overall share of renewable energy in the Union 

to a minimum of 42.5%, with an aspirational goal of 45% by 2030 [91]. However, paragraph 

15 of the directive acknowledges that the market for renewable power purchase agreements 

remains underdeveloped in most Member States, with significant administrative, technical, 

and financial barriers persisting across much of the Union’s energy market. 

Recognizing the potential of EVs to contribute to grid stability, paragraph 50 highlights their 

role in absorbing renewable electricity during periods of surplus and discharging it back into 

the grid during times of scarcity. The directive therefore advocates for the introduction of 

complementary measures to those outlined in AFIR and BATTREG, addressing how and 

when electric vehicles can access renewable energy. Paragraphs 51 to 58 further elaborate 

on the use of EV batteries for flexibility and balancing services, emphasizing their potential to 

empower consumers and facilitate their active participation in the energy transition. To further 

support electromobility, paragraph 74 encourages Member States to establish a credit 

mechanism for the use of renewable electricity, allowing operators of both public and private 

recharging points to contribute to more efficient renewable electricity utilization. Article 25(4) 

provides a more detailed description of this mechanism, while paragraph 78 establishes that 

electricity generated from renewable sources is considered to have zero greenhouse gas 

emissions, resulting in a 100% reduction compared to electricity produced from fossil fuels. 

Article 20a focuses on the system integration of renewable electricity, mandating that Member 

States require transmission system operators to produce and distribute data on the share of 

renewable electricity and the greenhouse gas emissions content of the electricity supplied. 

Additionally, Member States must provide incentives for upgrading smart grids to enhance 
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real-time grid monitoring and ensure the availability of data that can support efficient grid 

balancing. These data must be made accessible in an interoperable manner, allowing 

electricity market participants, aggregators, consumers, and end-users to utilize them 

effectively. Furthermore, the data should be compatible with smart metering systems, building 

energy management systems, and electric vehicle recharging points, ensuring seamless 

integration of renewable energy into the broader energy system. 

In addition to the required battery information described in BATTREG, this directive requires 

that the EV also makes available, in real-time in-vehicle data related to: 

• The battery state of health 

• Battery state of charge 

• Battery power set point 

• Battery capacity 

And where appropriate:  

• The location of the electric vehicle 

• Electric vehicle owner and users 

• Third parties acting on the user’s behalf such as electricity market participants and 

electromobility service providers 

This should be done under non-discriminatory terns and at no cost, but in accordance with the 

data protection rules.  Article 20a 4. also requires that Member States should ensure that new 

and replaced non-publicly accessible normal power recharging points can support smart and 

bi-directional recharging functionalities in accordance with Article 15 (3) and (4) of AFIR.  In 

20a 5. the directive also requires that the Member States ensures that the regulatory 

framework allows small or mobile systems such as, among others, electric vehicles to 

participate in the electricity markets, including congestion management and the provision of 

flexibility and balancing services. This also includes through aggregation. The directive gives 

the Member States, in cooperation with all market participants and regulatory authorities, the 

task to establish technical requirements for participation in the electricity markets. No technical 

requirements are described in the document.  

 

3.6.1. EU standardisation – Regulation no. 1025/2012 

Understanding the European Union’s approach to standardization and the accepted standards 

is crucial for addressing the regulatory barriers identified in this section. All European 
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standardization is governed by EU Regulation No. 1025/2012, which establishes the 

framework for the development and adoption of standards across the Union [92]. 

According to this regulation, European standardization operates through national 

representation within the European Committee for Standardization (CEN) and the European 

Committee for Electrotechnical Standardization (CENELEC), while the European 

Telecommunications Standards Institute (ETSI) functions on a direct representation basis. 

Additionally, European standardization efforts are coordinated with international bodies, 

including the International Organization for Standardization (ISO), the International 

Electrotechnical Commission (IEC), and the International Telecommunication Union (ITU). All 

standards within the EU are formally adopted by CEN, CENELEC, and ETSI. To guide the 

development of these standards, the European Commission adopts an annual Union work 

programme for standardization, which outlines strategic priorities. For 2025, a preliminary draft 

version of this programme, dated 26 July 2024, is available at the time of writing. Of relevance 

to the AHEAD project is the ongoing standardization work related to the AFIR, which is 

expected to address key aspects of interoperability and technical requirements for charging 

infrastructure. In the Portuguese context, there are several barriers associated with regulatory 

for EVs to be able to offer flexibility services, more details are described below: 

• One of them is the bureaucratic process for new entities to be able to install charging 

stations, mainly on roads, which limits the competitiveness of the sector and increases 

the value in terms of innovation. 

• The existing system, which comprises CPOs and e-mobility service providers 

(EMSPs), results in a complex organization that limits data collection and adds 

challenges in the charging process for users, potentially obstructing the seamless 

delivery of flexibility services.  

• EV users in Portugal encounter difficulties in payment processes and price 

comparability, often facing unpredictable final charging costs [93]. This lack of 

transparency and user-friendliness can discourage and reduce the potential pool of 

vehicles available for grid flexibility services.  

• The "Regulamento da Mobilidade Eléctrica" (E-mobility Regulation) aims to address 

some of these issues by establishing a framework for the development of e-mobility in 

Portugal [94]. However, implementation challenges persist, particularly in aligning local 

regulations with national objectives. The regulation seeks to promote interoperability 

between different charging networks, ensure fair pricing, and streamline the process 

for installing new charging points. Despite these efforts, power supply challenges 

remain a significant barrier, with some charging points facing delays of up to two years 
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in obtaining necessary power connections from the grid. Accelerating the licensing 

process and improving coordination between local authorities, energy providers, and 

charging infrastructure operators could significantly reduce delays in infrastructure 

deployment. 

Table 8 summarises the key barriers related to regulatory. 

Table 8 – Key barriers related to regulatory. 

Barriers Description  

Undefined Technical 
Standards in AFIR 

AFIR sets binding targets and a strategy, but key technical standards—like 
communication interoperability and megawatt charging—are still undefined 
or placeholder-only. 
 

Building Integration and Smart 
Readiness Gaps 

The buildings directive supports on-site renewables and smart charging but 
leaves key details like the Smart Readiness Indicator and refusal grounds 
for home chargers unclear. 
 

Market and Regulatory 
Uncertainties in Electricity 
Integration 

CRIMED and IME reveal challenges in EV charging integration, from 
inconsistent grid codes to legal barriers and outdated networks needing 
smarter metering. 
 

Undefined Battery Lifetime 
Parameters for Flexibility 

BATTREG mandates real-time battery monitoring but lacks standard 
parameters to assess EV battery lifespan, key for bidirectional services like 
V2X. 
 

Insufficient Guidance for Real-
Time Data and Smart 
Charging 

The RED directive mandates real-time EV data and interoperable protocols 
but lacks full technical specs for data exchange and flexibility service 
participation. 
 

Ongoing Standardization 
Challenges in the EU 

Regulation 1025/2012 provides a standardization framework, but ongoing 
work, like under AHEAD, means key interoperability standards are still 
evolving, creating uncertainty. 
 

Local Regulatory and 
Bureaucratic Barriers 
(Portugal) 

In Portugal, slow bureaucracy, complex market roles, opaque pricing, and 
long waits for power connections hinder EV flexibility service rollout. 

 

3.7. User Adoption Barriers  

The significant initial investments required for the upfront costs related to EV becomes a 

barrier to its broader adoption by end-users [95]. These costs include costs associated with 

EVs battery components and this has been a concern due to their less durability hence 

requiring gradual replacement [96]. Adding to the barrier on battery concerns among EV users, 

is the fear of costs of replacing batteries when needed, as they are still very expensive and 

hence lead to economic impact to EV owners and hesitation to enter EV market to prospective 

population of consumers [97]. Additionally, costs of owning private charging infrastructure are 

high, this need is influenced by the deficit of publicly available charging infrastructures [98]. 

On the other hand, the deficit of public charging infrastructures and information on where they 

can be accessed raises the challenge of charging convenience to EVs owners [99]. Absence 

of supportive governmental policies to provide a favourable environment to users of EVs, or 
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even consideration of EVs adoption by others [100]. For instance, in Germany, legal issues 

have not been flexible in allowing tenants to install private charging infrastructures at home 

[101]. A lack of awareness among consumers about the advantages of EVs over Internal 

Combustion Engine (ICE) vehicles has been identified [99] Older adults tend to show greater 

reluctance to switch to EVs compared to younger generations [102]. The need for a shift in 

consumer habits arises from range anxiety, driven by concerns about its impact on their 

flexibility and the importance of being adequately prepared when driving EVs [102]. For 

instance, recharging most EVs requires more time than refuelling ICE vehicles, this brings a 

challenge of recharge time inefficiency to EV users [100]. The issue of range anxiety and 

charging time, raises the concern of freedom restrictions experienced by EV drivers [103]. 

Table 9 summarizes the key barriers related to user adoption.  

Table 9 – Key barriers related to user adoption. 

Barriers Description  

High initial investment costs High EV upfront costs and battery wear, with pricey replacements, deter 
buyers due to the economic burden. 
 

Cost of private charging 
infrastructure 

Lack of public chargers pushes EV owners to install costly private setups, 
raising overall ownership expenses. 

Charging convenience challenges Limited public charging access makes EV charging less convenient, reducing 
their perceived practicality. 
 

Lack of supportive policies and 
legal barriers 

The absence of favourable governmental policies, along with rigid legal 
frameworks (e.g., in Germany, where tenants face challenges installing 
private charging infrastructure), creates an unsupportive environment for EV 
adoption. 

Limited consumer awareness and 
demographic reluctance 

Insufficient consumer awareness about the advantages of EVs over internal 
combustion engine vehicles, compounded by older adults showing greater 
reluctance to switch, reduces market penetration and necessitates a 
significant shift in consumer habits. 

Range anxiety and charging time 
inefficiency 

Concerns over the longer recharging times compared to refuelling ICE 
vehicles and the associated range anxiety contribute to fears that EV drivers 
may experience restrictions in mobility and flexibility. 

 

Finally, Table 10 summarizes the list of technological obstacles to providing flexible services 

by EVs and the literary sources consulted. This table not only presents a detailed list of these 

challenges but also includes references to the key literary sources consulted throughout the 

review process.  
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Table 10 – List of technological obstacles to providing flexible services by EVs – summary including literature sources. 

Category Barrier  Description 
Literary 
source  

EVSE barriers 

Limited V2G deployment 
 

V2G technology (TRL 7–8) is advancing but lacks clear, unified technical standards (e.g. OCPP 
2.0.1, ISO 15118), limiting scalability and the share of EVSE capable of bidirectional charging. 

[40] 

Lack of SoC data access CPOs and aggregators cannot access the battery’s SoC data, forcing reliance on estimates and 
reducing controllable power capacity. 

[41] 

Inadequate energy 
measurement devices 

Most charge points lack energy metering, hindering accurate billing and flexibility services, and 
reducing aggregator efficiency. 

[43] 

Variations in response times 
due to BMS and software 
differences 

Disparate implementations in battery management systems and embedded charge point software 
result in inconsistent reaction times to control signals. This variability makes it challenging to meet 
the rapid-response requirements needed for certain grid support services. 

[43] 

Charging 
Infrastructure 
barriers:  Electric 
Vehicles 

Nordic Europe Charging accessibility, grid constraints & market fragmentation [47], [48], [49], 
[50] 

Southern Europe Underdeveloped infrastructure & electrical network limitations [51], [2], [3] 

Western Europe EVSE planning & monitoring challenges [52], [53], [55] 

Electric Vessels Port, transmission & vessel-related challenges [56], [57], [58], 
[59], [60], [61] 
[62], [63], [57], 
[67]  

Communication 
barriers: EVs and 
electric vessels 

Fragmented communication 
protocols & cybersecurity 
risks - EVs 

Fragmented communication protocols among EV actors cause compatibility issues and high 
complexity, hindering smart charging and V2G. Meanwhile, heavy data reliance exposes the 
system to cyber threats and privacy risks, with uneven GDPR compliance. 

[65], [66], [68] 

Lack of standardized 
maritime communication 
protocols & infrastructure 
vulnerabilities 

The maritime sector lacks a universal communication standard, complicating shore-to-ship 
integration, raising costs, and weakening grid efficiency. Wireless systems face spoofing risks, 
and global interoperability is hampered by fragmented protocols. 

[69], [70], [71], 
[75], [76], [77] 

Monitoring and 
control barriers  

EMS real-time analytics and 
control 

Real-time grid optimization is hard due to the unpredictable nature of EV charging, requiring 
algorithms that balance cost, stability, and battery health simultaneously. 

[78] 

Optimization under 
uncertainty 

EV behaviour is unpredictable, making it hard to align user needs with grid demands and 
complicating the design of universally optimal control strategies. 

[79] 

Adaptive prioritization and 
scheduling 

Varying user priorities in parking lots—like speed vs. cost—make adaptive real-time charging 
schedules complex to implement. 

[80] 

Integration of RES and 
parking lots 

Coupling parking lots with local grids or renewables like solar introduces synchronization 
challenges, as energy intermittency complicates charging-load coordination. 

[80] 

Business Model 
Definition Barriers 

Lack of standardized 
valuation methods 

No common approach exists for quantifying and monetizing EV flexibility services, making it 
difficult to assess benefits and risks. 

[37] 

Insufficient market scale The limited number of EVs and aggregators participating in flexibility services challenges the 
economic viability of these services. 

[79] 
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Category Barrier  Description 
Literary 
source  

High upfront investments Significant capital investments in infrastructure and technology increase financial risks and deter 
stakeholders from committing to flexibility services. 

[39] 

Cross-sector collaboration 
challenges 

Coordinating diverse interests among manufacturers, grid operators, CPOs, and energy suppliers 
is complex and slows the development of viable business models. 

[82] 

Regulatory uncertainty An evolving and fragmented regulatory landscape creates uncertainty for stakeholders developing 
business models for EV flexibility services. 

[82] 

Regulatory Barriers 

Undefined technical 
standards in AFIR 

AFIR sets binding targets and a strategy, but key standards, like for interoperability and megawatt 
charging, are still undefined or placeholder-only. 

[84], [85] 

Building integration and 
smart readiness gaps 

The buildings directive supports on-site renewables and smart charging but lacks clarity on the 
Smart Readiness Indicator and valid reasons for denying home charger installations. 

[86], [87] 

Market and regulatory 
uncertainties in electricity 
integration 

CRIMED and IME reveal hurdles to EV charging integration, including inconsistent grid codes, 
legal and commercial barriers like high self-consumption fees, and the need for upgraded grids 
and interoperable smart metering. 
 

[88], [89], [90] 

Undefined battery lifetime 
parameters for flexibility 

BATTREG mandates real-time battery monitoring but lacks standard metrics to assess EV battery 
lifespan, a key factor for enabling bidirectional services like V2X. 

[91] 

Insufficient guidance for real-
time data and smart charging 

The RED directive enforces real-time EV data sharing and interoperable protocols but leaves 
technical specs for data exchange and flexibility service participation incomplete. 

[92] 

Ongoing standardization 
challenges in the EU 

Regulation 1025/2012 provides a standardization framework, but ongoing work, like under 
AHEAD, means key interoperability standards are still evolving, creating uncertainty. 

[93] 

Local regulatory and 
bureaucratic barriers 
(Portugal) 

In the Portuguese context, lengthy bureaucratic processes for installing charging stations, complex 
market structures involving multiple actors (CPOs and EMSPs), non-transparent pricing and 
payment issues, and prolonged delays in securing power connections (up to two years) hinder the 
deployment of EV flexibility services 

[94], [95] 

 
 
 
 
User Adoption 
Barriers 

High initial investment costs EVs’ high upfront prices and costly, less durable batteries discourage buyers due to the long-term 
financial burden of replacement 

[96], [97], [98] 

Cost of private charging 
infrastructure 

A lack of public charger’s forces EV owners to install expensive private setups, increasing total 
ownership costs. 

[99] 

Charging convenience 
challenges 

The shortage and limited accessibility of public charging stations make charging less convenient 
for EV owners, thereby reducing the perceived practicality of EV 

[100] 

Lack of supportive policies 
and legal barriers 

The absence of favourable governmental policies, along with rigid legal frameworks (e.g., in 
Germany, where tenants face challenges installing private charging infrastructure), creates an 
unsupportive environment for EV adoption. 

[101], [102] 

Limited consumer 
awareness and demographic 
reluctance 

Insufficient consumer awareness about the advantages of EVs over internal combustion engine 
vehicles, compounded by older adults showing greater reluctance to switch, reduces market 
penetration and necessitates a significant shift in consumer 

[100], [103] 

Range anxiety and charging 
time inefficiency 

Concerns over the longer recharging times compared to refuelling ICE vehicles and the associated 
range anxiety contribute to fears that EV drivers may experience restrictions in mobility and 
flexibility 

[101], [104] 
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4. POTENTIAL SOLUTIONS AND REQUIREMETS 

ENABLING FLEXIBILITY 

The implementation of EV-based flexibility services is associated with technical and social 

constraints, as described in the previous section, that represent clear barriers to their 

successful implementation. Addressing these barriers and identifying the requirements to 

make them viable is essential to ensure the long-term implementation of flexibility services. 

This section investigates possible solutions and requirements to increase flexibility in the 

electric transportation ecosystem, focusing on overcoming barriers related to EVSE, 

charging infrastructure, communication systems, business models, regulations, and user 

adoption. 

4.1. Electric Vehicle Supply Equipment Potential Solutions and 
Requirements for Enabling Flexibility Services 

4.1.1. Potential Solutions for EVSE barriers  

Across Europe there is a variety of different needs for EVSE solutions to provide flexibility 

depending on the development of the infrastructure. However, purely on the hardware site 

there are a few general trends. First and foremost is the current lack of V2G and slow 

development of V2G capable chargers. Flexibility can be provided without V2G, but there 

is no question that large EV fleets with V2G become an immense source of potential 

flexibility [81]. The general barriers to V2G deployment are to uncertainty if AC or DC V2G 

will be preferred, the lacking regulation regarding SoC and general communication between 

charging station and EV. The solutions to these barriers are listed below. 

• Potential solution for the limited V2G deployment: Related to this barrier, 

several key actions are essential to solve this barrier. First, greater support for AC 

V2G is needed by ensuring more EVs are equipped with AC Bidirectional Power 

Transfer (BPT) chargers and incorporating technical requirements in the AFIR to 

mandate AC BPT. Second, the development of numerous demonstration sites and 

business cases showcasing the implementation of available V2G technology is 

crucial to highlight its significant socio-economic benefits [20], [104]. Third, 

emphasizing the added value for OEMs to promote V2G. Furthermore, integrating 

OCPP 2.0.1/IEC 63584 and ISO 15118 into AFIR’s technical specifications is 

critical, making ISO 15118 mandatory for Plug & Charge and information exchange 

with EVs. This step addresses the scepticism of CPOs toward ISO 15118, which 
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allows car manufacturers to control which CPOs can provide Plug & Charge 

services for their vehicles. 

• Potential solution for the lack of SoC data access: To address this issue, it is 

crucial to enable energy measurement directly from EVSE, thereby facilitating the 

provision of energy-intensive flexibility services. This can be achieved by ensuring 

that energy meters embedded within charging infrastructure are validated and 

certified as accurate and reliable energy measurement devices. Furthermore, the 

implementation of mandatory SoC data sharing through the latest communication 

protocols, such as OCPP 2.0.1, is essential to enhance interoperability and support 

advanced energy management capabilities. 

• Potential solution for inadequate energy measurement for billing: To address 

the barrier related to the inadequate energy measurement can be created policy 

changes that allow charge points to be used for energy measurement despite 

potential minor inaccuracies or the implementation of improved metering 

technologies in charging infrastructure. 

 

4.1.2. Requirements for potential solutions related to EVSE barriers 

To handle the solutions mentioned in Section 4.1.1, the following technical requirements 

are needed.  

• Requirements to solve limited V2G deployment: to increase support for AC V2G 

by ensuring more EVs are equipped with BPT chargers, technical requirements in 

the AFIR must become mandatory. OEMs to equip EVs with AC BPT EVSEs and 

establish industry standards for AC V2G compatibility are necessary. Secure 

funding for V2G pilot projects, encourage collaboration between governments, 

industry, and research institutions, and conduct cost-benefit analyses and case 

studies to demonstrate economic and environmental advantages became 

necessary to support the development of demonstration sites and business cases 

showcasing the implementation of available V2G technology. Encourage the value 

for OEMs, while emphasizing the added value for manufacturers to promote V2G 

is. Update AFIR standards to mandate OCPP 2.0.1 and ISO 15118 compliance, 

ensure interoperability between EVSE providers and EV manufacturers, address 

concerns from CPOs by providing transparent guidelines on Plug & Charge 

implementation are important aspects require to integrate OCPP 2.0.1/IEC 63584 
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and ISO 15118 into AFIR’s technical specifications, making ISO 15118 mandatory 

for Plug & Charge and information exchange with EVs.  

• Requirements to solve the lack of SoC data access and inadequate 

measurement for billing: to develop new EVSE equipped with embedded energy 

measurement devices that allow EVSEs to be used for energy measurement. The 

OCPP protocol must be update with the SoC meter value as mandatory.  

The requirements to implement the proposed solutions for EVSE barriers are shown in 

Figure 6, in which the potential solutions are identified by green colour and the 

requirements by blue colour.  

 

Figure 6 – Requirements for potential solutions proposed for EVSE barriers. 

 

4.2. Charging Infrastructure Potential Solutions and 
Requirements 

4.2.1. Potential solutions for charging infrastructure barriers – 
Nordic Europe 

Generally, the Nordics already experience well developed charging infrastructure. 

However, to reach the next level of CPO and aggregator control of EV charging, which is 

required to increase flexibility service delivery the following solutions represent a path 

forward. It must be stressed that this is not the only path, and other solutions do exist. The 

solutions to these barriers are listed below. 
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• Potential solution to limited EVSE in residential buildings: To address the 

limited availability of EVSE for residential buildings, adopting models like Norway’s 

“right to charge” law [44] can serve as a benchmark, demonstrating how such 

measures can improve access to charging infrastructure and support wider EV 

adoption, even for residents who do not have charging facilities in their own 

buildings [105]. Moreover, aspects such as declaring in the contracts of CPO’s and 

EV aggregators that public EVSEs are subject to load management, by declaring 

on parking lot signs that local chargers are subject to load management, which can 

increase the number of charging stations in cities and will enable more apartment 

owner or renters to own and operate an EV, even without having charging stations 

in their own building [106]. 

• Potential solutions for overloaded LV urban grids: Increasing emphasis and 

providing financial support for DSOs to upgrade transformers and other grid 

components rapidly, along with implementing measures that allow for faster 

deployment of new charging stations in urban areas, are crucial steps for enhancing 

the urban charging infrastructure [106]. 

 

4.2.2. Potential solutions for charging infrastructure barriers – 
Southern Europe 

In this subsection, possible solutions are described based on the barriers pointed out in 

Subsection 3.2.2. The solutions hereafter presented are not exhaustive, but they try to give 

a general overview of the first responses required to face shortly the main barriers 

previously stated. A second level of possible solutions is then considered worthwhile to 

allow the electrical network to increase its robustness i.e., the ability of electrical 

infrastructure to withstand the great demand of EVs charging stations’ connections.  

• Potential solutions for underdeveloped infrastructure: among the actions 

considered necessary as a first attempt to the issues of the increasing demands of 

EVs charging stations, are to be included the boost of the network. Such a solution 

can be better detailed through the following possible activities: a) Increase the 

current capacity of MV lines, b) Increase the power rating of MV/LV transformers, c) 

Increase the number of transformation rooms to allow also the installation of new 

LV switch disconnector, d) Increase the number of medium voltage switchgear in 

the HV/MV primary substation 

• Potential solutions for electrical network limitations: The second level of action 

is not as critical as the first one, but it is relevant to exploit EV flexibility to avoid 
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high-cost infrastructures investment. With this purpose a framework for the 

procurement of flexibility by DSOs [2] must be created. With the spread of distributed 

generation, characterized mostly by non-programmable renewable sources 

connected to distribution networks, and based on the expected changes in electricity 

load profiles, the Regulators, in coherence with the provisions of European Directive 

(EU) 2019/944, has envisaged the possibility that DSOs assume, in addition to the 

role of neutral facilitator for the procurement of global ancillary services, also a role 

of a buyer of resources for local ancillary services to be procured from an enlarged 

audience of small producers and consumers connected, including the domestic 

consumer. With these premises, flexibility services should be considered as 

possible solution for facing the barriers of charging infrastructure. 

 

4.2.3. Potential solutions for charging infrastructure barriers – 
Western Europe 

The possible solutions for charging infrastructure barriers in the Portuguese context 

described in Subsection 3.2.3 are described below. 

• Potential solutions for undefined EVSE hosting capacity: developing high-

fidelity and dynamic models of distribution grids can greatly increase EVSE hosting 

capacity. Moreover, by adopting digital twins as replica of the physical grids can be 

incorporated real-time load and generation data helping to identify the maximum 

capacity for EVSE.  

• Potential solutions for insufficient low-voltage monitoring systems: the 

barrier related with the lack of reliable state methods for the estimation of real 

operation condition of the grid can be addressed by the developments of advance 

machine learning and heuristic algorithms to better predict stochastic charge 

demand and adjust control actions rapidly. Encourage the distributed computing 

architectures to enable parallel processing of grid data allowing faster decision-

making even under multiple objectives. 

• Potential solutions for inaccurate EVSE planning methods: to deal with this 

limitation EVSE planning tools should be created by considering aspects such as 

usage pattern, expected EV adoption, and potential new RES installation. 
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4.2.4. Requirements for potential solutions related to Charging 
Infrastructure barriers 

For the Nordics, achieving the proposed solutions requires a clear focus on implementing 

specific requirements that not only address immediate charging demands but also pave the 

way for long-term infrastructure resilience. For CPOs and EV aggregators, it is crucial to 

integrate load management into contracts and signage, thereby setting precise 

expectations for EV owners and ensuring balanced grid loads. Additionally, sharing 

monetary benefits with users who participate in flexibility programs is essential for fostering 

a collaborative environment [106]. On the DSO side, transforming the infrastructure through 

tariff adjustments and real-time system surveillance is necessary to support rapid 

expansion and a digital upgrade of the network. Lastly, aligning the expansion of charging 

infrastructure with the maintenance and updating of existing charging stations is a critical 

requirement to keep pace with technological advancements and ensure ongoing network 

reliability. 

In the case of Southern Europe, to achieve the potential solutions for addressing the 

increasing demand on the electrical network due to EV charging station connections several 

requitements are necessary. First, by enhancing the network's capacity through measures 

such as increasing MV line capacity, upgrading MV/LV transformer power ratings, 

expanding transformation rooms, and adding medium voltage switchgear, the infrastructure 

is immediately bolstered to safely handle higher loads. In parallel, establishing a framework 

for DSOs to procure flexibility, leveraging distributed renewable generation, and enabling 

DSOs to buy local ancillary services under EU Directive (EU) 2019/944 are critical strategic 

measures. Together, these requirements form a comprehensive approach that not only 

strengthens the grid’s resilience in the short term but also sets the foundation for a more 

adaptive, cost-effective, and robust electrical infrastructure in the face of growing EV 

integration. 

In the Portuguese context, the development of accurate real-time virtual replicas of 

distribution grids by incorporating dynamic load profiles and evolving grid conditions must 

be encouraged to enhance EVSE hosting capacity. Moreover, investments in software that 

can perform multi-scenario analysis, simulate the stochastic nature of EV charging, and 

identify potential stress points in the grid is necessary. Researchers must be able to create 

advance machine learning combined with heuristic algorithms to better predict stochastic 

charge demand with rapidly response for control actions.  
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4.3. Communication and Control Systems Potential Solutions 
and Requirements 

4.3.1. Potential Solutions for communication barriers  

To address the communication barriers described in Section 3.4, the following potential 

solutions are presented.   

• To address the lack of a universal communication standard, regulatory bodies and 

international organisations must work collaboratively to establish communication 

protocols that integrate protocols such as CHAdeMO, CCs, and GB/T, harmonising 

their compatibility through approaches such as ISO 15118 and OCPP 2.0.1 [100].  

• Governments and stakeholders of the sector should encourage the adoption of 

open-source protocols such as OCPP, OpenADR and OCPI to improve 

interoperability between charging networks and electric vehicles. Furthermore, 

requiring the addition of open standards for new charging infrastructures and electric 

vehicles can guarantee a coherent and unified charging experience, benefiting both 

users and network operators. 

• To guarantee a reliable and safe charging infrastructure, it is necessary to address 

the security vulnerabilities of widely used protocols such as OCPP. Even through 

OCPP 2.0 has introduced improved security features, previous versions are still 

susceptible to cyber threats. To mitigate these risks, the adoption of OCPP 2.0.1 

should be imposed throughout the sector, together with continued research and 

development to improve its security framework [107]. Furthermore, the application 

of robust encryption methods, secure authentication mechanisms and periodic 

protocol updates can further protect EVSE communication systems [106]. 

• The EMSP and CPO play a vital role in facilitating EV charging services, but the 

various protocols they use, such as OpenADR and OCPI, add complexity to the 

system. The establishment of centralized platforms that allow seamless integration 

between EMS, OCPP and electrical systems can simplify operations and improve 

data exchange in real time [108]. These platforms can support dynamic pricing 

models, improve energy flexibility services and promote user participation in V2G 

markets. 

• To mitigate cybersecurity risks, EV communication systems must adopt advanced 

security protocols through the implementation of end-to-end encryption to protect 

communication channels between EVs, EVSE and network operators using strong 

encryption algorithms to prevent data interception and manipulation [109]. It is also 

essential to strengthen authentication mechanisms, replacing inherited methods 
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with advanced systems such as public key infrastructures, digital certificates or 

biometric authentication to ensure that only authorized entities can access the 

network. Furthermore, threat detection systems must be deployed in real time to 

continuously monitor the charging infrastructure and identify possible threats in real 

time. Periodic security audits and updates are crucial to evaluating vulnerabilities 

and applying timely firmware and software updates to maintain solid and secure EV 

communications systems. In the case of electric ships, end-to-end encryption, 

secure authentication methods and intrusion detection systems must be 

implemented to safeguard communication between ships and ground [110]. 

• Inefficient data transmission barrier can be overcome by implementing embedded 

software capable of transmitting data only when significant changes in charging 

behaviour occur. Alternatively, intelligent communication strategies could be 

developed, allowing charge point operators to dynamically adjust the frequency of 

data updates based on expected changes in charging behaviour. From a regulatory 

perspective, TSOs and DSOs could accept time series with infrequent 

measurements as valid proof of activation, reducing the data transmission load 

while maintaining system transparency 

• The absence of common communication protocols and lack of global standards, for 

electric vessels, can be leading by establishing mandatory universal communication 

protocols and through the creation of policy that encourage their standardisation.  

 

4.3.2. Requirements for potential solutions related to communication 
barriers  

To achieve robust and secure communication systems for e-mobility and maritime electric 

vessels, a comprehensive set of actions is required. Regulatory bodies and international 

organizations must collaborate to establish globally accepted communication protocols, 

harmonizing standards such as CHAdeMO, CCS, and GB/T through frameworks like ISO 

15118 and OCPP 2.0.1 [107], [111]. Concurrently, governments and industry stakeholders 

should be incentivized to adopt open-source protocols, including OCPP, OpenADR, and 

OCPI, with mandatory adherence to these open standards for all new charging 

infrastructure and EVs, thereby enhancing interoperability [109]. In parallel, security must 

be strengthened by mandating industry-wide adoption of secure protocols, investing in 

continuous research and development, and implementing robust encryption, secure 

authentication, and regular protocol updates. Furthermore, establishing centralized 

platforms that enable seamless integration and data sharing between EMSPs, CPOs, and 
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power systems is essential to simplify operations by reducing reliance on multiple protocols 

[112]. Equally critical is the adoption of advanced cybersecurity measures such as end-to-

end encryption, strong encryption algorithms, and secure authentication mechanisms like 

PKI, digital certificates, or biometric systems, complemented by real-time threat detection 

systems and regular security audits. Finally, to address the high-power demands of electric 

vessels, local energy storage solutions (e.g., batteries and supercapacitors) should be 

deployed to buffer peak loads, while smart scheduling and load control are implemented to 

distribute demand over non-peak hours and multiple ports, with grid enhancement 

strategies developed through collaboration among utilities, port authorities, and 

policymakers. The requirements to implement the proposed solutions for communication 

barriers are shown in Figure 7, in which the potential solutions are identified by green colour 

and the requirements by blue colour. 

 

Figure 7 – Requirements for potential solutions proposed for communication barriers. 

 

4.3.1. Potential Solutions for monitoring and control barriers  

The integration of EVs into modern power systems necessitates robust real-time monitoring 

and control solutions. However, several barriers, such as EMS real-time analytics and 

control decisions challenge, optimisation under uncertainty and different levels of priorities, 
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and EVs integration with parking lots and RES. This subsection explores potential solutions 

as listed below: 

• Potential solutions for EMS real-time analytics and control challenges: To 

address with these challenges, algorithms tailored for rapid decision-making must 

be developed and rigorously validated through representative use cases. These 

algorithms should be capable of handling the complexity and dynamism of modern 

power systems, incorporating predictive analytics, machine learning, and 

optimisation techniques to enhance situational awareness and operational 

efficiency [113]. To meet the demands of speed and scalability, the algorithms must 

be deployed on distributed computing architectures that support parallel data 

processing and decentralized control. Furthermore, integrating edge computing and 

fog computing paradigms can bring computation closer to the data sources, 

ensuring timely execution of control actions in dynamic grid environments. 

• Potential solutions for barriers related to different levels of prioritisation and 

scheduling: different levels of prioritisation for scheduling solutions can be leading 

by developing and validating advanced multi-objective optimisation frameworks 

considering priorities related to user such as departure time preferences and cost 

optimisation and related to the power system such as peak power reduction. These 

frameworks should incorporate stochastic modelling and robust optimisation 

techniques to explicitly handle uncertainties in energy demand/production forecasts 

and user mobility patterns [114]. Leveraging real-time data and probabilistic 

forecasting can enhance adaptability, while machine learning models can learn user 

behaviour over time to refine predictions and improve decision-making accuracy. 

Additionally, hierarchical or decentralized control schemes can enable local-level 

optimization that aligns with system-wide goals, increasing scalability and flexibility 

in uncertain environments. 

• Potential solutions for RES and parking lots integration into power system: 

this challenge can be solved by deploying advanced grid management and energy 

storage systems to balance the variability of renewable sources, while adopting 

sophisticated inverter and smart grid technologies that ensure seamless, efficient 

interconnection. 
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4.3.2. Requirements for potential solutions related to monitoring and 
control barriers  

Achieving these solutions requires a multifaceted approach that begins with the 

development of highly optimized and robust algorithms capable of making real-time 

decisions using predictive analytics, machine learning, and optimization techniques, all 

rigorously validated through real-world use cases. These algorithms must be deployable on 

distributed computing architectures that support parallel processing and decentralized 

control, integrating edge and fog computing to ensure near-source computing and rapid 

execution of control actions in dynamic grid environments. In parallel, it is essential to 

deploy advanced multi-objective optimization frameworks; these frameworks must 

incorporate stochastic models and robust optimization to manage uncertainties in energy 

forecasts and user mobility, while reconciling user-based priorities, such as departure time 

preferences and cost, with system objectives such as peak power shaving. Furthermore, 

the successful integration of RES and parking lots into the electricity system requires the 

deployment of advanced grid management and energy storage systems, along with 

sophisticated inverter and smart grid technologies, all supported by comprehensive 

cybersecurity protocols and regulatory compliance to ensure resilience and efficiency. 

4.4. Business Models Definition Potential Solutions and 
Requirements 

4.4.1. Potential solutions for business models definition  

This section explores potential solutions for defining robust business models that effectively 

capture the economic and operational benefits of flexibility services involved e-mobility, as 

listed below: 

• To overcome the lack of standardized valuation in EV flexibility services, it is 

essential to develop robust methodologies and quantitative metrics that provide a 

consistent framework for evaluating both benefits and risks [106], [109]. 

Concurrently, involving key stakeholders, such as utilities, regulatory bodies, 

automakers, and financial institutions, in the creation of these transparent valuation 

frameworks ensures that the resulting models are comprehensive, widely accepted, 

and reflective of real-world operational challenges [115]. 

• To address the insufficient scale of participation, targeted measures are required to 

stimulate greater EV adoption and operator engagement. This includes introducing 

incentives, such as subsidies and favourable regulatory frameworks, that encourage 

increased uptake, alongside mechanisms for aggregating smaller participants to 

achieve critical mass and benefit from economies of scale. Moreover, fostering 
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robust public-private partnerships is essential for broadening the participant base, 

thereby creating an integrated ecosystem that leverages diverse stakeholder 

expertise and resources. 

• To solve high upfront investment costs, it is imperative to implement a multi-faceted 

financial strategy. This includes launching subsidy programs, grants, and 

government incentives to alleviate the initial capital burdens associated with EV 

infrastructure [109]. In addition, encouraging private investment through risk-sharing 

mechanisms can help distribute the financial exposure among stakeholders. Finally, 

employing phased deployment strategies allows for gradual scaling of infrastructure 

investments, thereby reducing immediate financial pressures while fostering long-

term, sustainable growth in EV flexibility services [116]. 

• To mitigate the lack of financial instruments in EV flexibility, specialized financial 

instruments, such as green bonds and tailored risk insurance products, should be 

developed to attract and secure investment [106], [109]. Engaging financial 

institutions to create dedicated funding streams can further lower capital barriers, 

while exploring innovative financing models, including public-private partnerships, 

will help distribute and mitigate perceived risks [106].  

• Effective cross-sector stakeholder coordination can be solved by the creation of 

collaborative platforms and networks that engage automakers, utilities, regulators, 

and other relevant parties [109]. Developing integrated business models that align 

the diverse interests of these sectors is essential to create synergies and streamline 

operations [117]. Moreover, organizing regular stakeholder forums serves to 

harmonize objectives, foster open communication, and facilitate ongoing 

collaboration, ultimately paving the way for more coherent and efficient strategies in 

the deployment and management of EV flexibility services. 

• To address regulatory uncertainty in EV flexibility and local trading, it is essential to 

advocate for clear, supportive regulatory frameworks that reflect the evolving needs 

of the industry. Engaging in continuous policy dialogues at both the national and 

local levels can facilitate alignment and create a more coherent regulatory 

environment [106], [109], [117]. Moreover, implementing pilot projects serves as a 

practical approach to demonstrate the viability of emerging business models, 

providing valuable empirical evidence that informs policymakers and builds 

confidence in new regulatory and operational paradigms [117].  

• A diverse range of business models and limited interoperability complicates user 

access to charging services can be solved by encouraging standardization and 

interoperability among various market players (CPOs and eMSPs) through 
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coordinated platforms and simplifying user access by reducing the need for multiple 

apps and streamlining payment and operational processes [106]. 

 

4.4.2. Requirements for potential solutions related to business 
models definition barriers  

This section delineates the technical, financial, and collaborative requirements essential for 

overcoming barriers in defining robust business models for EV flexibility services. 

Therefore, Overcoming the lack of standardized valuation for EV flexibility services 

necessitates a comprehensive approach that combines rigorous methodological 

development with active stakeholder engagement [109]. First, it is essential to design robust 

methodologies that integrate quantitative metrics capturing both the direct benefits, such as 

grid stabilization, load shifting, and energy cost savings, and the associated risks, including 

battery degradation and operational uncertainties. This requires establishing baseline 

performance indicators and developing models that can simulate a variety of operational 

scenarios, considering factors such as temporal variability in energy demand, renewable 

generation profiles, and EV usage patterns [23].  Furthermore, creating a transparent 

valuation framework mandates the active involvement of key stakeholders. Utilities, 

regulatory bodies, automakers, and financial institutions must collaborate through 

structured workshops, pilot studies, and consensus-building exercises to ensure that the 

developed metrics reflect both technical realities and market dynamics. Such collaboration 

should facilitate the harmonization of diverse perspectives and ensure that the valuation 

models are not only technically sound but also economically viable and acceptable across 

the industry. 

In addition, the process should leverage existing standards and best practices, drawing on 

insights from international organizations and academic research, to continuously update 

and refine the valuation methodologies.  

Addressing the insufficient scale of participation in EV flexibility services requires a multi-

dimensional strategy that encompasses technical, economic, and organizational 

requirements. First, targeted incentive programs such as subsidies, tax credits, and 

preferential tariffs, must be established to lower the barriers for both individual EV owners 

and commercial operators [109]. These incentives should be designed to not only spur early 

adoption but also sustain long-term engagement by offering clear, quantifiable benefits to 

participants and the overall grid. In parallel, robust aggregation mechanisms are essential 

to consolidate smaller participants, thereby achieving the critical mass necessary for 
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economic viability [118]. This could involve developing centralized platforms or aggregator 

services that enable distributed EV resources to be grouped, enhancing their collective 

bargaining power and operational efficiency in flexibility markets. Additionally, fostering 

public-private partnerships is crucial for expanding the participant base. This requires the 

establishment of formal collaborative frameworks that bring together government agencies, 

utilities, automakers, and financial institutions [119]. Such partnerships should aim to share 

risks and benefits while promoting mutual investments in infrastructure and technology. 

Finally, the implementation of an integrated digital infrastructure is vital to support real-time 

monitoring, data exchange, and performance tracking across the aggregated network. This 

not only enhances transparency and operational efficiency but also builds trust among 

stakeholders by providing reliable data on the performance and contributions of the 

aggregated EV fleet. 

Addressing high upfront investment costs in EV infrastructure necessitates a multi-faceted 

financial strategy underpinned by several key requirements. First, it is imperative to 

establish comprehensive government support mechanisms through subsidy programs, 

grants, and tailored incentives that alleviate initial capital burdens [109]. This requires the 

development of clear eligibility criteria, transparent application processes, and robust 

monitoring systems to ensure that funds are effectively allocated to projects with the highest 

potential for grid integration and operational efficiency. Second, fostering private investment 

is critical; thus, risk-sharing mechanisms must be implemented to distribute financial 

exposure among stakeholders[106]. This involves designing specialized financial 

instruments, such as public-private partnerships, green bonds, and tailored insurance 

products, that can mitigate perceived investment risks. Financial models must be developed 

and validated to ensure they offer sufficient returns while balancing the inherent risks of 

new technology deployments. 

Lastly, adopting phased deployment strategies is essential for managing investment costs 

incrementally [120]. This approach requires detailed planning and pilot studies to identify 

optimal investment milestones and scale infrastructure gradually based on proven 

performance and market response. Continuous evaluation and adaptive planning are 

necessary to fine-tune investment levels and timelines, ensuring that infrastructure growth 

is sustainable and aligns with evolving market dynamics. 

Mitigating the lack of financial instruments in EV flexibility services requires a 

comprehensive, multi-faceted strategy. First, it is essential to develop specialized financial 

products tailored to the unique risk profiles and revenue streams of EV flexibility [109]. This 

involves creating instruments such as green bonds specifically designed for the EV sector 
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and risk insurance products that address the uncertainties inherent in flexible grid 

operations. Second, engaging with financial institutions to establish dedicated funding 

streams is crucial; this not only lowers capital barriers but also leverages the expertise of 

the financial sector in assessing and mitigating risks [120]. Additionally, innovative financing 

models, including public-private partnerships, must be explored to distribute risks among 

multiple stakeholders and create a more stable investment climate. To support these 

efforts, robust risk assessment models and credit enhancement mechanisms need to be 

developed, ensuring that investors have a clear understanding of the risk-return profile 

associated with these investments. Continuous policy dialogue and collaboration between 

regulators, financial market participants, and industry stakeholders are also imperative to 

refine these instruments in response to evolving market dynamics and technological 

advancements [106]. Finally, piloting these financial mechanisms in controlled 

environments can provide critical empirical data, thereby building investor confidence and 

paving the way for broader adoption of these innovative financing solutions in the EV 

flexibility sector. 

Facilitating effective cross-sector stakeholder coordination in the EV ecosystem 

necessitates a comprehensive framework encompassing several key requirements. First, 

dedicated collaborative platforms must be established, both digital and physical, to support 

real-time communication, secure data sharing, and joint decision-making among 

automakers, utilities, regulators, and financial institutions[117]. These platforms should 

adhere to common data standards and robust communication protocols to ensure 

interoperability and reliability of shared information. Second, the development of integrated 

business models is essential to align the diverse interests of all stakeholders. This requires 

a thorough analysis of each sector's incentives and risks, coupled with the formulation of 

shared value propositions that foster mutual benefits [106]. Collaborative design of these 

models, in consultation with all involved parties, is critical to ensure their technical feasibility 

and economic sustainability. Finally, regular stakeholder forums and structured 

engagement initiatives are vital to maintain an ongoing dialogue and harmonize objectives. 

Organizing periodic workshops and conferences, supported by formal institutional 

frameworks, enables continuous knowledge exchange and collaborative problem-solving 

[109]. Furthermore, these interactions should be underpinned by clear regulatory guidance 

and policy incentives, ensuring alignment with broader strategic objectives in the EV sector. 
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4.5. Regulatory Potential Solutions and Requirements 

4.5.1. Potential solutions for regulatory barriers  

To mitigate regulatory uncertainty in EV flexibility and local trading, a comprehensive 

framework of policy and technical measures is essential. First, regulators must establish 

clear and supportive regulatory frameworks that are adaptive to the rapid evolution of EV 

technologies and energy markets. This requires the development of standardised 

guidelines and policies that incorporate industry best practices and stakeholder feedback, 

ensuring that rules remain relevant as technology and market conditions change [121]. A 

formal regulatory review process should be implemented to periodically update these 

frameworks, reflecting both technological advancements and operational realities. Second, 

continuous policy dialogue at both national and local levels is critical. Mechanisms such as 

stakeholder roundtables, public consultations, and interagency coordination initiatives can 

harmonize regulatory approaches and reduce fragmentation across jurisdictions. Such 

dialogue ensures that diverse perspectives, from utilities and automakers to aggregators 

and financial institutions, are considered in the formulation of policies, fostering a unified 

and coherent regulatory environment [115]. Third, pilot projects and regulatory sandbox 

initiatives play a vital role in demonstrating the viability of new business models and 

technologies. By implementing controlled demonstration programs, policymakers can 

gather empirical data and practical insights that inform iterative policy refinement. These 

projects not only build confidence among stakeholders but also provide a testing ground for 

innovative approaches before they are scaled up. Finally, establishing robust monitoring 

and reporting systems is crucial for the continuous assessment of regulatory impacts. Such 

systems should capture both quantitative performance metrics and qualitative feedback 

from industry participants, enabling evidence-based adjustments to regulatory frameworks 

over time.   

Regulatory frameworks that do not fully support the flexibility potential of EV aggregators 

can be handled by updating and harmonising TSO and DSO regulations to remove barriers 

to EV flexibility services. Moreover, foster regulatory frameworks that support both the 

technological evolution and market integration of EV charging and flexibility operations. 

Additionally, parking lot signage should clearly indicate that local chargers are managed for 

load control. This approach can encourage an increase in the number of charging stations 

in urban areas, enabling more apartment owners and renters to own and operate EVs even 

without in-building charging facilities. 

In the Portuguese context, firstly, the rationalization of administrative processes and the 

introduction of standardized processes could lead to a reduction in bureaucratic complexity 
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for the installation and operation of new CPs [94]. Second, the lack of transparency in 

payment processes and the unpredictability of final charging costs for EV users pose 

significant challenges. This issue can be addressed by mandating transparent pricing 

regulations and standardized payment mechanisms. For instance, requiring charging 

networks to display real-time cost information, including per-kWh pricing and additional 

fees, can improve price comparability and user experience. Simplifying payment methods 

through integrated platforms or universal access cards may also encourage greater 

participation in grid flexibility services [106]. Furthermore, despite the objectives of the 

"Regulamento da Mobilidade Eléctrica" (E-mobility Regulation), challenges in aligning local 

regulations with national objectives persist. Establishing a coordinated task force 

comprising national and local stakeholders can ensure more consistent policy 

implementation. Efforts should also focus on promoting interoperability between charging 

networks by enforcing compliance with common technical standards such as the OCPP 

and ISO 15118 [111].  

In Section 3.6 have been identified several EU documents that will influence or prevent the 

implementation and use of V2G and smart charging in Europe. It was notice that much of 

the regulatory framework is not mature and are missing several of the building blocks that 

are needed for interoperable flexibility services. During the construction of this report, a new 

draft of Annex II in AFIR was publicized. This draft now has included standards for the 

communication interoperability between the EV and the EVSE. Moreover, regarding to the 

technical specifications including in the technical specifications for communication 

exchange in the electric vehicle recharging sector in AFIR without official EU standards 

some potential solutions are proposed.  

• Technical specifications regarding communication between the recharging point 

and the recharging point management system (back-end communication): This 

communication is supported by OCPP 2.0.1 ed3 (IEC 63584) for ISO 15118-2 

information and OCPP 2.1 for ISO 15118-2 and ISO 15118-20 information. It should 

also be noted that the EU don’t accept ad hoc standards, like OCPP. It is therefore 

the new IEC 63584 that should be the standard for inclusion in AFIR instead of 

OCPP 2.0.1 ed 3. OCPP 2.1 will also have to be implemented as an IEC standard 

to support bidirectional charging from ISO 15118-20. IEC did have their own 

standard, IEC 63110 that was meant incorporate OCPP 2.1 and ISO 15118. At the 

time of writing this document, it is unclear if, how and when this standard will be 

available. 
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• Technical specifications regarding communication between the recharging point 

operator, electromobility service providers and e-roaming platforms:  There are 

several standards that can support this kind of communication. However, most of 

these are developed by organisations outside of ISO, IEC, ITU, CEN, Cenlec or 

ETSI. OCPI 2.2.1 is used to support the role Smart Charging Service Provider in 

addition to CPO and eMSP. This version of the protocol does also support OCPP 

2.0.1 and ISO 15118-2. OCPI 3.0 will provide support for ISO 15118-20 in addition 

to architectural improvements. This document is in a review version at the time of 

writing this document.  In addition to these standards the IEC are working on IEC 

63119 “Information exchange for electric vehicle charging roaming service” for the 

use in roaming communication. Part 1 “General ED 1” and Part 2 “Use Cases” are 

published. Work on part 1 ED 2 has started. How ever part 3 “Message structure” 

and 4 “Cybersecurity and information privacy” are not published. 

 

4.5.2. Requirements for potential solutions related to regulatory 
barrier  

This section outlines the key requirements for potential solutions aimed at overcoming 

regulatory barriers that hinder the deployment of EV flexibility services. It examines the 

need for clear, adaptive regulatory frameworks that can keep pace with rapid technological 

advancements, as well as continuous policy dialogues to harmonize national and local 

regulations. In Figure 5 we have identified areas that AFIR is missing standards that are 

required to be able to achieve the level of interoperability that is needed for integrating the 

electric vehicles with the power grid.  The EU Horizon Scale project have in D1.5 “Analysis 

of hard- and software requirements “identified requirements to achieve V2G and smart 

charging [122]. The same document has short descriptions of the different relevant 

standards.  

However, ENTSO-E (The European Network of Transmission System Operators for 

Electricity) have in its [123] report published “Data exchange standards and formats for 

system operation - An overview of TSOs current practices”. Here they describe the types 

of data used for real-time, scheduled, and structural data exchange between TSOs, DSOs 

and Significant Grid Users (SGUs).   

The following standards/formats are identified and recommended by ENTSO-E in this 

report: 
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• Real-time data: IEC 60870-6 (ICCP TASE.2), IEC 60870-5-101/-104, IEC 61850, 

IEEE C37.118 

• Scheduled data: IEC 62325-451, IEC 62325-351, IEC 61970-600 (CGMES), IEC 

61970-45x series, ENTSO-E Network Code Profiles Specifications 

• Structural data: IEC 61970-600 (CGMES) and ENTSO-E Regional Coordination 

Processes Data Exchange Specification as well as ENTSO-E Network Codes 

Profiles Specifications 

The report has also described where these standards are recommended: 

• IEC 62325-451-2 (Schedule Market Document) for scheduled active power 

consumption, forecasted reactive power consumption, scheduled active power 

output, scheduled active power restrictions and unavailability. 

• IEC 62325-451-7 (Reserve Bid Market Document) for amount of active power output 

and reserves. It is important to note that IEC 62325-451-7, which has been created 

following the requirements of EBGL, could also be recommended for other types of 

scheduled data related to the balancing process. 

• IEC 61970-600 (CGMES) and ENTSO-E Regional Coordination Processes Data 

Exchange Specification as well as ENTSO-E Network Codes Profiles 

Specifications: these IEC standards and ENTSO-E specifications are concurrently 

recommended for exchanging scheduled data related to availability, unavailability 

or restrictions: availability of active power output and reserves, scheduled active 

power restrictions and unavailability, generation units dispatch. 

• Structural data concern all detailed information for a resource, whether generation 

or consumption unit: electrotechnical information, installed capacity, structural 

minimum and maximum power available for demand response or balancing 

reserves (FCR, aFRR, mFRR, RR). For this category of structural data, the TSO 

experts recommend the use of IEC 61970- 600 (CGMES) standard. 

• Structural data also provide useful information for determining cost of remedial 

actions, which is essential for coordinated security analysis and other coordinated 

processes. For this category of structural data, the TSO Experts recommends the 

use of ENTSO-E Regional Coordination Processes Data Exchange Specifications 

and related ENTSO-E Network Codes Profiles Specifications. 

The report also describes in more detail how the formats are used. In addition, it discusses 

the discrepancies between the recommended standards and the standards being used, and 

the pros and cons of using these standards. It describes a path forward towards 
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implementing the recommended standards in a gradual manner, where backward 

compatibility should be ensured.  

In the case of Western Europe, particularly for Portugal, to achieve the potential solutions 

proposed several requirements can be useful. Hence, to optimize the EV charging 

ecosystem, it is essential to streamline administrative procedures by introducing 

standardized permitting processes for charging point installation and operation along 

highways, while simultaneously adopting a more transparent and decentralized approach 

to licensing new market entities. In parallel, developing and enforcing interoperable data-

sharing protocols through the implementation of advanced digital platforms and centralized 

data management systems for CPOs and EMSPs is crucial [106]. Furthermore, mandating 

transparent pricing and standardized payment mechanisms, including the requirement for 

real-time cost information display and the adoption of integrated payment platforms or 

universal access cards can enhance user experience and market efficiency. Finally, 

establishing coordinated regulatory oversight by creating a task force that includes both 

national and local stakeholders and enforcing common technical standards, such as OCPP 

and ISO 15118, will foster a more cohesive and robust framework for EV infrastructure 

management [124]. 

 

4.6. User Adoption Potential Solutions and Requirements 

4.6.1. Potential solutions for user adoption barriers  

This section explores potential solutions for overcoming user adoption barriers in e-mobility, 

described as follow: 

• Gaining insight into how the production and use of EVs can help reduce their 

environmental impact, this includes evaluating the sustainability, like cutting 

emissions and lowering dependence on fossil fuels [96].  Lower costs incurred for 

each kilometre travelled are a significant advantage to users of EVs. This includes 

reflecting greater affordability in terms of operational expenses due to the capacity 

of energy efficiency that EVs have [96].  

• Decreased spending on maintenance is a notable benefit, resulting in lower overall 

vehicle upkeep costs. This reduction is often attributed to simpler mechanical 

systems, fewer moving parts, and improved durability, particularly in EV 

technological components such as engines and brakes which experience less wear 

and tear [96]. 
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• Enhanced comfort for users is a key benefit, offering a more pleasant and satisfying 

experience during operation. This improvement is often achieved through features 

such as quieter performance, smoother handling, and ergonomic designs, all of 

which contribute to a more enjoyable and stress-free journey [96].   

• Strong policy measures play a critical role in encouraging the adoption of EVs. 

These include fiscal incentives, such as benefits tied to vehicle registration taxes, 

direct consumer acquisition subsidies, and lower tax rates on electricity compared 

to gasoline. Additionally, non-fiscal incentives focus on supportive measures like 

financial compensation for offering flexibility, favourable traffic regulations and 

expanded charging infrastructure. Furthermore, increasing incentives that reduce 

electricity costs further motivates users to transition to EVs, enhancing their overall 

appeal and affordability [125], [126].   

• Psychological factors, including perceived behavioural control, cognitive attitudes, 

and overall product perception, play a significant role in shaping customer decisions 

to adopt EVs. These characteristics influence how individuals evaluate the ease of 

use, practicality, and desirability of EVs, ultimately impacting their willingness to 

transition to this technology [127]. On the other hand, desire to belong to a group 

brings pressure to people’s consideration to adopt electric vehicles, and group 

perceptions which have been identified to influence behaviour [128].  

• High quality in battery life leads to positive attitudes to EVs, but also possibility of 

utilizing EV batteries for stationary storage after their use in the automotives offers 

an effective solution to reduce the economic effects of battery degradation to EV 

customers and hence fostering its adoption [129].  

 

4.6.2. Requirements for potential solutions related to user adoption 
barriers 

This section outlines the key requirements for developing potential solutions that address 

user adoption barriers in e-mobility. It examines the necessary technical, financial, and 

policy measures to foster greater acceptance of EV technologies, ensuring that solutions 

are not only innovative but also practical and user centric. Reducing the environmental 

impact of EV production and use requires a comprehensive approach. First, standardized 

lifecycle assessments (LCAs) should be implemented to quantify carbon emissions, energy 

use, and resource consumption across the entire supply chain [130]. Next, robust data 

collection systems, integrating IoT sensors, smart metering, and cloud-based analytics, are 
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essential for continuous monitoring of vehicle performance and emissions, with advanced 

analytics (e.g., AI/ML) used to identify improvement opportunities [131].   

Lower per-kilometre costs in EVs depend on energy efficiency and reduced operational 

expenses. This can be achieved by designing vehicles with lightweight, aerodynamic 

structures and advanced powertrain systems to minimize energy loss, employing high-

efficiency batteries and effective thermal management, and utilizing integrated energy 

management systems to optimize driving and charging [118]. Additionally, economies of 

scale through standardized production, robust charging infrastructure, and supportive 

regulatory and financial incentives further contribute to lowering operational costs and 

enhancing overall affordability. Reducing maintenance costs in EVs requires a 

comprehensive approach across design, manufacturing, and service. EVs should be 

engineered with simpler systems and fewer moving parts by using advanced materials and 

solid-state components, particularly in powertrains and braking systems, to enhance 

durability [132]. Rigorous testing and quality control ensure long-term performance, while 

ongoing R&D improves EV-specific components.  

Enhanced comfort for users is achieved by addressing multiple design, engineering, and 

system-level requirements. First, minimizing noise and vibrations is critical: advanced 

powertrain designs, enhanced sound insulation, and active noise-cancellation technologies 

are required to ensure a quieter operation [133]. Second, achieving smoother handling 

necessitates precise engineering of the vehicle’s suspension, chassis, and steering 

systems, as well as the integration of advanced driver assistance systems to provide stable 

and predictable vehicle dynamics. Third, ergonomic design must be prioritized in all aspects 

of the vehicle’s interior, including seating, controls, and human-machine interfaces, 

ensuring that these components are tailored to a broad range of user anthropometrics and 

preferences [134]. Finally, iterative testing and continuous user feedback are essential to 

refine these systems under real-world conditions, ensuring that the final product 

consistently delivers a pleasant and stress-free journey. 

Implementing strong policy measures to encourage EV adoption requires a comprehensive 

framework that integrates both fiscal and non-fiscal incentives. First, fiscal incentives must 

include targeted benefits such as reduced vehicle registration taxes, direct consumer 

acquisition subsidies, and preferential electricity tax rates compared to gasoline [109]. 

Achieving this necessitates legislative reforms and the reallocation of public funds to 

support these measures, ensuring that the financial burden on consumers is significantly 

lowered. Additionally, non-fiscal incentives are critical. These include the provision of 

financial compensation for EV owners who offer grid flexibility services, the implementation 
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of favourable traffic regulations (such as dedicated lanes or reduced tolls for EVs), and 

significant investments in expanding the charging infrastructure to create a supportive 

network across urban and rural areas [106]. Moreover, policies aimed at reducing electricity 

costs, whether through subsidies, competitive pricing models, or regulatory interventions, 

can further enhance the affordability and attractiveness of EVs.  

Addressing the psychological factors influencing EV adoption requires a holistic strategy 

that targets both individual attitudes and social dynamics. First, extensive market research 

is essential to uncover the cognitive attitudes, perceived behavioural control, and overall 

product perceptions that shape consumer decisions. This research should involve surveys, 

focus groups, and behavioural studies to pinpoint the specific motivators and barriers for 

potential EV users [135]. Based on these insights, targeted communication strategies can 

be developed to highlight the ease of use, practicality, and sustainability of EVs, thereby 

improving overall product perception. Second, educational initiatives must be implemented 

to boost perceived behavioural control. These initiatives could include hands-on 

demonstrations, interactive training sessions, and comprehensive user guides that 

demystify EV technology and emphasize its benefits. Such programs are critical in reducing 

the perceived complexity of EVs and enhancing consumer confidence. Third, leveraging 

social influence through the creation of EV communities and networks is vital. Facilitating 

peer-to-peer interactions via social media groups, local events, and customer clubs can 

build social proof and tap into the desire to belong, which significantly impacts adoption 

behaviour. 

Ensuring high battery quality is crucial for fostering positive attitudes towards EVs and 

accelerating their adoption. To achieve this, manufacturers must invest in advanced BMS 

that optimize performance, monitor cell health in real time, and mitigate degradation. In 

parallel, rigorous quality control in battery production and ongoing research into improved 

battery chemistries are essential to enhance durability and extend the useful life of batteries 

[136]. Equally important is the establishment of robust protocols for second-life applications, 

wherein used EV batteries are evaluated, refurbished, and repurposed for stationary energy 

storage. This process involves developing standardized methods to assess residual 

capacity and determine suitability for grid support functions such as load balancing, peak 

shaving, and renewable energy integration. Additionally, integrating these technological 

advances with supportive regulatory frameworks, such as incentives for battery recycling 

and repurposing, and fostering partnerships among automotive manufacturers, energy 

providers, and research institutions will help create an economically viable and sustainable 

ecosystem.   
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5. TECHNICAL NEEDS FOR UPCOMING E-MOBILITY. 

Due to the expected mass adoption of EVs, considering the technical requirements for the 

expected situation in the electromobility sector becomes critical to ensure reliability, 

resilience and scalability of this transformation. Some aspects are related to battery 

technology, charging infrastructure, integration with the power system, and intelligent 

energy management. Light Electric Vehicles such (LEVs) as electric bicycles, scooters and 

motorcycles have gained popularity in the Irish mobility sector and for short-distance travel. 

The widespread adoption of Passenger Transportation Electric Vehicles (PTEVs), including 

electric cars and buses, which require sophisticated strategies for their integration with the 

power system. On the other hand, Heavy-Truck Electric Vehicles (HTEVs) represent a 

major challenge due to the need for high energy and fast charging. Lastly, electric vessel is 

gaining attention as a sustainable alternative for maritime transportation, particularly for 

ferries, cargo ships, and offshore support vessels. The electrification of marine transport 

presents unique challenges due to the high energy demands and extended operational 

durations required for maritime applications. This section explores the fundamental 

technical needs of e-mobility, with a comprehensive focus on light electric vehicles, 

passenger transportation, heavy-truck, and electric vessels.  

 

5.1. Light Electric Vehicles  

As the world shifts toward more sustainable modes of transportation, LEVs have emerged 

as a practical and eco-friendly solution for urban mobility. LEVs include a range of compact, 

battery-powered vehicles such as electric bicycles, scooters, skateboards, and three-

wheelers. Designed for short to medium distances, these vehicles offer a cleaner alternative 

to traditional gas-powered transport, helping to reduce traffic congestion, air pollution, and 

carbon emissions. With advancements in battery technology, increasing urbanization, and 

growing environmental awareness, LEVs are rapidly gaining popularity as a convenient and 

energy-efficient mode of transport for the future [137]. The paper [138] examines how 

substituting conventional passenger car trips with LEVs, such as e-bikes, e-scooters, and 

other similar models, can contribute significantly to climate protection. The study highlights 

that shifting short-distance trips from conventional cars to LEVs can substantially reduce 

greenhouse gas emissions and lower the overall carbon footprint of urban transportation. 

LEVs are shown to be far more energy-efficient compared to traditional passenger cars. 

The paper presents comparative analyses of energy consumption and life-cycle 

assessments, demonstrating that even partial modal shifts can lead to meaningful energy 
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savings. By promoting the use of LEVs, cities can alleviate traffic congestion and enhance 

overall urban mobility. This shift not only improves the efficiency of travel but also 

contributes to better air quality and reduced noise pollution. Moreover, the adoption of LEVs 

can result in lower operational costs for users and offer supplementary benefits, such as 

improved public health due to reduced air pollution and increased physical activity. These 

benefits make LEVs an attractive alternative for urban commuters. The paper also 

emphasizes the importance of supportive policy measures and infrastructure development, 

such as dedicated lanes, charging stations, and safety regulations to facilitate the transition 

towards LEVs. These measures are critical to ensuring that the potential benefits are fully 

realized. While the paper acknowledges that the complete substitution of passenger cars 

by LEVs may not be feasible for all trips, it argues that even moderate shifts towards LEVs 

can cumulatively have a significant positive impact on climate protection. LEVs offer an 

efficient, low-emission alternative to conventional automobiles, particularly for short-

distance travel. However, the advancement and widespread adoption of LEVs are 

contingent upon several technical developments that address limitations in energy storage, 

power electronics, structural design, connectivity, and safety systems, the technical needs 

for the upcoming LEVs are listed below: 

• Energy storage systems: the core of LEV functionality lies in the battery system. 

The primary challenges involve improving energy density, charging time, thermal 

management, and lifecycle durability. Lithium-ion batteries remain dominant, but 

upcoming vehicles demand enhanced chemistries, such as solid-state batteries, 

which offer higher energy density and improved safety [139]. Additionally, modular 

and swappable battery systems are gaining traction to reduce downtime and 

support infrastructure scalability. 

• Powertrain efficiency and motor design: Optimizing the powertrain for LEVs 

requires high-efficiency electric motors that balance performance with 

compactness. Brushless DC (BLDC) and permanent magnet synchronous motors 

(PMSM) are the preferred choices due to their torque characteristics and reduced 

maintenance needs. Power electronics, especially inverters and motor controllers, 

must be designed for minimal energy loss, precise torque control, and compatibility 

with regenerative braking systems [140]. 

• Lightweight and sustainable materials: The demand for increased range and 

performance necessitates the reduction of vehicle mass. Advanced lightweight 

materials such as aluminium alloys, carbon fiber composites, and bio-based 

polymers are essential in structural and body components. The integration of these 
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materials must also account for cost-efficiency and recyclability to ensure 

environmental sustainability [141]. 

• Connectivity and smart integration: Modern LEVs must incorporate robust IoT 

and telematics systems for real-time diagnostics, fleet management, and user 

interface enhancements. Embedded connectivity modules (e.g., 4G/5G, BLE) 

facilitate over-the-air updates, remote fault detection, and integration with smart city 

infrastructure. Additionally, mobile app interfaces serve as essential user control 

canters for navigation, security, and energy monitoring [142]. 

• Safety and regulatory compliance: Given the increasing density of LEVs in urban 

spaces, enhanced safety systems are vital. These include anti-lock braking systems 

(ABS) for two-wheel LEVs, collision avoidance sensors, adaptive lighting, and 

advanced rider assistance systems (ARAS). Conformance with evolving regulatory 

standards for vehicle classification, maximum speed, and permissible weight is also 

a technical consideration that impacts design and deployment strategies [143]. 

• Charging infrastructure and energy management: The scalability of LEV 

adoption depends on the availability of dedicated charging stations, including fast-

charging and wireless inductive charging technologies. EMS that optimize grid 

interaction, support V2G capabilities, and utilize renewable sources are increasingly 

integrated into LEV platforms and ecosystems [144].  

 

5.2. Passenger Transportation Electric Vehicles 

Passenger electric vehicles, encompassing BEVs, Plug-in Hybrid Electric Vehicles 

(PHEVs), and, more recently, Fuel Cell Electric Vehicles (FCEVs), represent a pivotal 

solution in decarbonizing road transport. Concurrently, advances in battery technology, 

power electronics, and charging infrastructure are accelerating the feasibility and 

attractiveness of EVs for mainstream consumers. As EVs evolve from early adoption to 

mainstream integration, there is an increasing demand for advancements in core 

technologies that can deliver greater efficiency, affordability, and user convenience. The 

technical needs for the upcoming LEVs are listed below: 

• Energy storage system: The heart of any passenger vehicle resides in its battery 

system, which determines the autonomy, performance and cost of the vehicle. Even 

though lithium-ion batteries continue to use dominant technology, they face 

limitations in terms of energy density, degradation rate, thermal stability and 

charging time. The next generation of electric vehicles requires high chemical 
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performance batteries, such as solid-state batteries and lithium-sulphur cells, which 

promise greater energy storage with greater safety and longevity. Furthermore, 

battery management systems (BMS) must evolve to allow real-time health 

monitoring, adaptive charge control and predictive maintenance [145]. 

• Power electronic and drivetrain optimisation: Efficiency and control of power 

flow are essential to maximize the performance of electric vehicles. Advanced 

inverters, DC/DC converters and On-Board Chargers (OBC) must manage high 

power levels with minimal energy loss. The transition between silicon carbide (SiC) 

and gallium nitride (GaN) semiconductors improves thermal performance and 

switching speed. Furthermore, the components of the electric kinematic chain, 

including high-efficiency permanent magnet motors and integrated electric axes, 

must be optimized to reduce weight, be more compact and offer regenerative 

braking capacity. The authors in [146], offers an in-depth review of on-board 

chargers for high-voltage electric vehicles, focusing on current trends, design goals 

and future lines of research. The most advanced technologies in power conversion, 

efficiency and thermal management are examined, and how these components are 

integrated into the general systems of electric vehicles is analysed. The document 

identifies the main issues, such as achieving a high-power density, ensuring 

compactness and managing thermal and electromagnetic problems, and exploring 

emerging technologies and design strategies aimed at overcoming these obstacles. 

Finally, the study underlines the fundamental role of innovation continues in the 

development of profitable, reliable and efficient OBC to satisfy the changing 

demands of the kinematic chains of electric vehicles. 

• Thermal management system: Thermal regulation is essential for the duration of 

the batteries, the comfort of the passengers and the general reliability of the system. 

New electric vehicles require Integrated Thermal Management Systems (ITMS) 

capable of controlling the temperature of the batteries, the power electronics and 

the cabin using shared circuits and intelligent energy distribution. New refrigeration 

solutions are being developed, such as liquid-cooled battery packs, phase change 

materials and predictive thermal algorithms, to cope with the increase in thermal 

loads associated with high-power fast charging and the dense packaging of 

batteries. The paper in [147] reviews recent advances in Battery Thermal 

Management Systems (BTMS) for electric vehicles, discussing a variety of 

refrigeration strategies, including active, passive and hybrid systems, whose 

objective is to maintain optimal temperatures in the batteries. The fundamental role 

that effective thermal management plays in improving performance, longevity and 
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safety of batteries is examined, and the main straight lines of current technologies 

are identified. The review also highlights emerging trends such as the use of phase 

change materials and innovative refrigerant designs, providing information on future 

research directions to further improve the efficiency of BTMS in various operating 

environments. 

• Charging infrastructure and grid Integration: The expansion of fast and ultra-

fast charging networks is critical to eliminate range anxiety and support long-

distance travel. Technical needs include the development of 800V+ charging 

architectures, bi-directional charging systems, and universal communication 

protocols for interoperability [105]. On the grid side, smart charging management 

systems must balance demand, avoid peak loads, and integrate renewable energy 

sources for sustainable operation [64], [106]. 

 

5.3. Heavy-Trucks Electric Vehicles 

The transition to heavy-truck electric vehicles presents unique technical challenges that 

must be addressed to ensure safe, efficient, and reliable operation in demanding 

commercial environments. As the industry moves towards decarbonization, heavy-truck 

EVs require significant advancements in battery technology, including high energy density, 

rapid charging capabilities, and robust thermal management systems to support long-haul 

operations. Additionally, these vehicles demand advanced power electronics and drivetrain 

solutions that can handle high power loads while maintaining operational durability under 

extreme conditions. The integration of intelligent energy management systems, optimized 

aerodynamics, and resilient mechanical designs is also critical to achieving competitive 

performance and reducing total cost of ownership. This subsection lays the foundation for 

exploring the technical needs that will drive the next generation of heavy-truck EVs, 

enabling them to meet both current market demands and future regulatory standards. The 

technical needs for the upcoming heavy-trucks EVs are listed below: 

• High-capacity energy storage systems: Heavy-duty electric trucks demand 

significantly higher energy storage capacity than passenger EVs, often exceeding 

600 kWh per vehicle to support long-haul applications. Current lithium-ion battery 

technologies face constraints in terms of weight, volume, and charging speed. To 

meet operational requirements, next-generation HD EVs must utilize high-energy-

density cells (e.g., NMC 811), scalable modular battery packs, and explore solid-

state batteries to reduce mass while extending range. Robust battery thermal 



Project: 101160665 — AHEAD — HORIZON-CL5-2023-D3-03 

 
 

D1.2 End-User Flexibility Solutions  Page 83 of 104 

 

management is crucial to prevent overheating under heavy loads and sustained 

operation [148]. 

• High-power drivetrain and power electronics: Heavy-duty applications require 

electric drivetrains capable of delivering high continuous torque and power, often 

exceeding 500 kW. These powertrains must incorporate multi-motor architectures, 

integrated e-axles, and gearless or multi-speed transmissions optimized for both 

acceleration and efficiency. The adoption of silicon carbide (SiC) semiconductors in 

inverters and converters is vital to manage the high-power flows efficiently, reduce 

cooling requirements, and improve system compactness [149]. 

• Ultra-fast charging and megawatt charging systems (MCS): Charging time is a 

critical bottleneck for commercial fleet adoption. The development of megawatt-

scale charging systems (1+ MW) is essential for minimizing downtime during freight 

operations. Standardization efforts, such as the CharIN MCS protocol, aim to 

provide interoperable solutions for ultra-fast charging. Additionally, smart energy 

management, such as opportunity charging during loading/unloading and dynamic 

route-based charging, are being integrated into fleet operation models. In [150], the 

authors examine the challenges and advancements in ultra-fast charging for EVs 

within multi-energy systems. It focuses on three key areas: the design and 

performance of power electronics converters, grid stability under high charging 

demands, and optimal battery management strategies. The paper analyses various 

converter topologies to determine their efficiency and suitability for rapid charging, 

explores methods to mitigate the impact of ultra-fast charging on grid reliability, and 

discusses the trade-offs between fast charging rates and battery degradation. 

Ultimately, the study highlights critical research directions for developing robust 

ultra-fast charging solutions that ensure both high performance and long-term 

sustainability of EV batteries and grid infrastructure. 

 

5.4. Electric Vessels 

The next electric ships must integrate high-performance battery systems with greater 

energy density, fast charging capacity and efficient thermal management to support 

prolonged trips in variable marine conditions. Furthermore, advanced propulsion and power 

electronic systems must be developed to guarantee reliability and optimal performance in 

difficult maritime environments. Equally important is the integration of intelligent energy 

management systems and twin digital technologies for real-time supervision and 

optimization of fleet operations. This section explores these technical needs, outlining 
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research priorities and essential innovation paths to advance the next generation of electric 

ships. The technical needs for the upcoming electric vessels are listed below: 

• Battery technology requirements: Electric propulsion in maritime environments 

requires high-capacity batteries with excellent durability and safety characteristics, 

allowing for high energy density to minimize space and weight, while maintaining 

autonomy and a long-life cycle under variable and heavy load conditions. Lithium-

ion batteries certified for marine use, such as nickel manganese cobalt (NMC) and 

lithium iron phosphate (LFP), offer greater thermal stability, while solid-state 

batteries are being investigated to offer greater security and energy 

performance[151]. The BMS allows real-time monitoring of the SoC and health 

status (SoH), incorporates redundant security mechanisms to prevent thermal 

overflow and uses predictive analysis to program maintenance and optimize energy, 

guaranteeing the reliability and efficiency of marine electrical propulsion. 

• Electric propulsion and power conversion systems: in marine applications can 

employ high-performance electric motors, such as permanent magnet synchronous 

motors (PMSM) and induction motors, selected for their superior efficiency and 

favourable pair characteristics. In addition to providing propulsion power reliably, 

these engines must respond to dynamic loads, especially during manoeuvres such 

as docking [152]. Power electronics that incorporate silicon carbide (SiC) and 

gallium nitride (GaN) semiconductors in inverter designs notably reduce losses and 

allow for higher switching frequencies, which improves the overall performance of 

the system. Furthermore, the integration of bidirectional converters facilitates 

seamless coordination with terrestrial electrical networks and onboard renewable 

energy sources, thereby improving operational flexibility and promoting more 

sustainable maritime propulsion solutions. 

• High-power drivetrain and power electronics: It requires standardized interfaces 

and solid port facilities to effectively support maritime electrification. The adoption 

of the IEC 80005 standard for High Voltage Earth Connection (HVSC), widely known 

as «cold ironing», provides a unified framework for the safe and efficient integration 

of the circuit network [153]. At the same time, the need for standardized DC fast 

charging is especially acute for short-distance maritime transport and ferry 

operations that depend on rapid and frequent route changes. To accommodate load 

loads of several megawatts, the ports must rely on significant grid resources, while 

the integration of OPS systems with batteries can facilitate peak reduction and 

maintain grid stability, thus guaranteeing reliable and scalable load capacities. 
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6. CONCLUSIONS 

This deliverable presents an analysis of technological obstacles to the provision of flexible 

services by Electric Vehicles (EV), Heavy-Duty Electric Vehicles (HDEV) and electric 

vessels, revealing a complex and multifaceted challenge that extends across technical, 

infrastructural, regulatory and behavioural domains. Although these technologies are very 

promising in contributing to the flexibility services and improving grid resilience, their full 

potential remains restricted by key technical limitations related to Electric Vehicle Supply 

Equipment (EVSE), charging infrastructure, business models, regulatory, communication, 

monitoring, and control barriers.  

In a deeper analysis of the main findings, it is possible to conclude that: 

• The charging infrastructure in Europe lacks EVSE, especially in the South and West, 

coupled with inconsistent protocols (e.g. V2G support in Open Charge Point 

Protocol (OCPP) 2.0.1 and ISO 15118 and limited State-of-Charge (SoC) data, 

hampering efficient control, prediction, and ancillary services. HDEVs add to the grid 

strain with higher power requirements, while electric vessels face disjointed shore 

power standards, costly cables, and heterogeneous motor configurations. Grid 

congestion in urban canters, fragmented market structures, and bureaucratic delays 

compound these challenges, as seen in Nordic Europe’s outdated regulations, 

Southern Europe’s infrastructure deficits and voltage issues, and Western Europe’s 

(e.g., Portugal) interoperability barriers that diminish user confidence. 

• Effective integration of EVs, HDEVs, and electric vessels relies on robust and 

interoperable communication protocols (OCPP, ISO 15118, etc.), cybersecurity 

measures (end-to-end encryption, strong authentication) and harmonized 

regulations for data protection and infrastructure security. Fragmentation across 

standards impedes V2G capabilities and increases system complexity, while weak 

legacy systems expose assets to man-in-the-middle, denial-of-service and other 

attacks. Limited network capacity in remote ports exacerbates these challenges for 

maritime electrification by preventing high-power charging periods. Overcoming 

these barriers requires coordinated efforts to standardize protocols, secure 

communication paths and upgrade network infrastructure, enabling reliable 

participation in flexibility services and advancing global decarbonization. 

• Addressing the complex monitoring and control barriers for EV integration into 

modern power systems demands a synergistic approach that encompasses 

advanced algorithmic development, distributed computing, and sophisticated 
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optimization frameworks. By harnessing predictive analytics, machine learning, and 

real-time data processing through edge and fog computing paradigms, these 

solutions facilitate rapid decision-making and efficient decentralized control. 

Simultaneously, integrating multi-objective optimization frameworks that account for 

both user-centric and system-level priorities, and deploying robust grid 

management, energy storage, and smart inverter technologies, can effectively 

mitigate the uncertainties inherent in energy demand and RES variability.  

• Business models fail to effectively monetize flexibility services due to market 

fragmentation and high capital costs, while inconsistent regulations (AFIR, EPBD, 

CRIMED, BATTREG) leave critical gaps in reporting, metering, and cross-border 

interoperability standards. Finally, economic and psychological barriers, ranging 

from charging infrastructure deficits to limited consumer awareness, deter the 

adoption of electric vehicles. Addressing these challenges requires coordinated 

efforts towards protocol standardization, robust cybersecurity, interoperable data 

architectures, and user-focused policy innovations, ensuring that EVs, HDEVs, and 

electric vessels fulfil their potential as key assets in the energy transition. 

• Collectively, these barriers highlight the interdependencies of technology, policy, 

and market structures. Technological maturity alone is insufficient; coordinated 

efforts are needed to establish robust communication standards, develop 

interoperable control platforms, and modernize physical infrastructure at scale. At 

the same time, regulatory harmonization and business model innovation should be 

pursued to encourage broader stakeholder participation. Enabling EVs, HDEVs, and 

electric vessels to serve as distributed energy assets in flexibility markets therefore 

requires a systemic and interdisciplinary approach that aligns engineering advances 

with policy developments, market readiness, and user engagement. Future 

research and demonstration projects, such as those under the AHEAD initiative, will 

play a key role in contextualizing these barriers and developing specific regional 

strategies to overcome them, paving the way for a resilient and sustainable energy 

transition. 

• Finally, to support the upcoming mass adoption of Light Electric Vehicles (LEVs), 

Passenger Transportation Electric Vehicles (PTEVS), Heavy-Trucks Electric 

Vehicles (HTEVs), and electric vessels, there are several technical needs. Thus, 

the growth of electromobility depends on advanced batteries, robust power 

electronics, efficient thermal management, and scalable charging infrastructure. 

LEVs require improved battery systems, lightweight materials and connected 

solutions for short-haul trips; passenger vehicles require higher-density batteries, 
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integrated thermal control and fast-charging networks for widespread adoption; 

heavy-duty trucks require large-scale power capacity, multi-motor powertrains and 

fast charging to handle long-haul loads; and electric vessels require large, durable 

battery systems and specialized maritime charging facilities. 
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