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Preamble

NEON is a cross-disciplinary project aimed at accelerating the energy and mobility transitions by taking

an all-encompassing approach, where societal, economic and technical aspects are taken into account.

The NEON Project is carried as a collaborative effort between industry
1

and societal partners, government

institutions
2

and a consortium of universities
3

with 33 PhDs working on the areas of sustainable energy,

smart & safe mobility, societal integration and integral models [30]. The various PhDs are divided in 10

different groups. Within NEON, we refer to these groups as Work Packages (WPs). The first six WPs (WP1-

WP6) focus on the technical aspects of the Energy Transition: energy supply, energy transport, energy

demand, electric mobility, charging mobility and new mobility. Three other WPs (WP7-WP9) focus on the

socio-economic aspects of the transition: personal preferences, governance and societal values. The final

WP (WP10) works on an integral model, which constructs quantifiable scenarios by bringing together the

insights from all the other WPs. This approach was considered necessary as a true energy transition cannot

take place without a deep understanding of the economic, ethical, regulatory and behavioral barriers for

the adoption of these technologies.

This report was drafted as an output for WP8, which works in collaboration with Dialogic. The aim of

this report is threefold. First, this report is aimed as a preliminary analysis, laying down an inventory of the

available and required standards for each of the technical areas of interest for NEON. Three areas will then

be proposed as the focus of a follow-up report, which will look into the ongoing standardization activities

at the industry level. Second, this report is intended as an update to our partners on the multidisciplinary

efforts within NEON by providing an example of cross-package collaborative efforts. Third, it aims to

provide the PhDs in the social WPs with an easy to read overview of some of the work being done by the

technical PhDs, even if from the point of view of standardization.

1

NEON collaborates with 20 industry partners, including Dialogic, Elestor, Zenmo, ElaadNL, PON, among others.

2

Including PBL Netherlands Environmental Assessment Agency, the Municipality of Rotterdam and the Province of North

Brabant

3

This includes Eindhoven University of Technology, Delft University of Technology, University of Tilburg, Erasmus University

Rotterdam, University of Twente, Hogeschool van Amsterdam and Breda University of Applied Sciences.
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1 Introduction

Standards can be defined as a formula specifying the requirements, guidelines and characteristics for doing

something [32]. They are meant to guarantee that materials, products, processes or services comply with

minimum design, quality or safety requirements and are suitable for the use they are intended [5]. Stan-

dards are important because they have the power to either support or slow down the market introduction

of a technology. The extent to which they can do so depends greatly on the type of standard and the way

the standard comes to be, that is whether it is set by the market, a standard setting organization or if it

is mandated by a higher institution such as the EU [37]. Because of the potential that standards have in

accelerating the energy transition, one of the aims of WP8b is to identify the availability of standards for

the different areas of interest for NEON: Energy Supply (WP1), Energy Transport (WP2), Energy Demand

and Storage (WP3), Electric Mobility (WP4), Charging Mobility (WP5) and New Mobility (WP6). In order

to identify the standard needs and gaps in the aforementioned areas, we have reached out to the technical

WPs to discuss with them about needs in terms of standards within their areas of focus. Each section of

the report is thus mainly based on talks and communication with the NEON PhDs working in the different

NEON WPs and has been backed up by complementary desk research when necessary. Unlike with most

WPs, in the case of WP3, communication took place directly with one of our partners, Elestor. Because of

interchanges like this, and because most WPs are in close contact with the industry sector, it is expected

that industry needs and concerns have also been identified, albeit superficially.

The aim of this report is to provide a clear overview of the standardization needs while clarifying why

these standards are needed to begin with. However, this cannot be done at the same level or with the same

depth for all WPs. This is partly because of the differences in terms of the sectors analyzed and on the levels

of market maturity among the different technologies investigated. For the more mature technologies, it is

expected that the standardization needs might have already been identified and addressed. For WPs with

technologies in earlier stages of technological development, standardization needs might already be visible

but not yet fulfilled. Therefore, this report will also reflect these differences among WPs by carrying out

a package by package assessment. Likewise, given the multiplicity of the focus areas, the standardization

needs might vary in type and scope across WPs. Quality and safety standards, for example, signal the user

and the market that a product complies with minimum quality and safety requirements, while the producer

is the one responsible of adapting its products so that they comply with said standards. Interoperability

standards, on the other hand, are meant to facilitate compatibility and communication between different

components and technologies, such as a mobile phone and a mobile network [5]. Because they affect

the way that different technologies interact with one another, these standards have implications on the

composition of the value chain and the players along its different links. It also affects the entry and exit of

players in parallel markets and can facilitate interaction between players offering different products and
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services. Therefore, this report will also differentiate between the various types of standards available. It

is expected that this would be reflective of the characteristics and needs of the WPs and be illustrative of

their main market constraints.

The report will start by shortly introducing the technologies of each WP and will then provide an

overview of the areas that could benefit from standardization, as well as the role of standards in those

areas in which they are already implemented.

2 Methodology

The content of this report is the result of a collaborative effort between WP 8 and the various partners

and PhDs working in WPs 1-6. Each section in this report builds up on conversations, interviews and

email communications with those involved in the different WPs. The aim of these conversations was to

better understand the work being done in each WP to then discuss the areas in which standardization

might be necessary. Based on these discussions, it was possible to identify the areas in which standards

were available or were still required. When necessary, the information obtained from these exchanges was

complemented with desk research. However, it is important to emphasize that the backbone of each section

is based on the information provided and discussed with the PhDs, Joep Lauret from Elestor and Auke

Hoekstra. The parties approached and interviewed to develop the content for each section are presented

in Table 1.

Technical Area (WP) People involved Affiliation
WP1: Energy Supply Rishikesh Joshi TU Delft

WP2: Energy Transport Nikos Damianakis TUe

WP3: Energy Demand, Storage

and New Market Models

Joep Lauret Elestor

WP4: Electric Mobility Swapnil Shekhar and Auke Hoekstra

(Electric Trucks), Fabio Paparella, Maur-

izio Clemente, Olaf Borsboom and Jorn

van Kampen (Electric Fleet)

TUe

WP5: Charging Mobility Sicheng Gong & Victor Reyes TUe

WP6: New Mobility Pim Labee (Mobility as a Service (MaaS)),

Caspar Hanselaar (Automated Vehicles

(AV))

TUe

Table 1: Parties approached and interviewed for their input on this report.

Based on the preliminary analysis carried in each WP, the report will conclude by presenting an inven-

tory of the standard availability and requirements in each technical area. Then, based on this inventory,

three focus cases will be proposed to be analyzed in a follow-up report. These cases will be selected based

on the interdependencies of each area with other WPs and on the existing standardization requirements

in the industry. Cases where standardization requirements appear to act as obstacles for the industry’s

development will be prioritized. The follow-up report will then focus on exploring the aforementioned

standardization requirements and the likelihood of their adoption. This will be done by looking into the

standardization activities and initiatives taking place in the industry and assessing the role that standards

can play in supporting the effective market introduction of these technologies.
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3 WP1: Energy Supply

3.1 Airborne Wind Energy (AWE)

Airborne Wind Energy (AWE) has the potential to disrupt the wind energy economy through its revo-

lutionary design. Resembling a ‘wind drone’, AWE technology functions as an autonomously controlled

flying object. Figure 1 shows the first sketch of AWE by Miles Loyd in 1970. The idea behind AWE, be it

as a tether or a kite, is to optimise energy output by swiping larger areas using a smaller fraction of the

material [34].

Figure 1: Sketch of AWE as imagined by Miles Loyd. Image taken from [34]

Although AWE technologies follow the same mechanical principle and conceptual design, there are

various approaches for AWE development. Makani power has developed an energy kite, Ampyx Power
1

developed two rigid wing aircraft prototypes. EnerKı́te, TwingTec and Kitemill are also testing rigid wing

prototypes. Finally, Kitepower is testing a soft wing prototype while Kite Power Systems is testing an

implementation with two separate soft kites [34].

Since the technology is relatively young, it is difficult to tell what design will become dominant in the

future and what technology will dominate the market. However, it is important to note the difficulties

this variety entails. To begin with, it is difficult to agree on concepts. As each company designs their own

prototype with its own requirements, it is natural that there will also be differences in conceptualization.

Therefore, since all industry players work with different terminologies, standards and certifications need

to be different for all the different concepts, making it difficult to regulate the qualities and boundaries of

specific components and their functionalities. In fact, the differences in approaches is so big that Ampyx

Power’s prototypes are registered with the aviation authority as aircraft [34]. This means that their pro-

totypes, components and design processes would need to comply with aircraft regulation, while for most

other technologies, it is still unclear whether they should comply with aircraft or drone regulation.

More than a practical issue, there are security concerns related to the lack of standardization and

1

Note that because the PhD working on this WP was working in close collaboration with Ampyx Power, the following text

will focus mainly on the approach of Ampyx Power to AWE.
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Figure 2: Overview of some of the standards being implemented by Ampyx Power. Image taken from [26]

certification for some of the components and usages of AWE. Due to the variety of prototypes, to be

able to identify areas of concern related to the use of AWE technologies, it would be necessary to carry

extensive testing on each of the prototypes. This would not only be costly but also time consuming. Some

safety concerns that can already be anticipated refer to the electrical performance and the tether release.

It is expected that both would require adequate standardization and certification in the future. Yet, it is

important to note that Ampyx Power, in recognition of this need, has engaged in the development of a

tool accounting for the needs of AWE certification [26] as can be seen in Figure 2.

Finally, standardization would be required not only for the adequate and safe functioning of the com-

ponents of the technology, but to ensure that these can interconnect and communicate with one another.

Luckily, connecting AWE to the grid should be very similar to the way state of the art wind energy is con-

nected nowadays. However, there are extra steps that need to be considered in between the production of

the energy and the transmission to the grid. Because of the way AWE systems are designed
2
, it would be

required to have a storage unit connecting the ‘drone’ with the source. Because energy storage is essential

for the functioning of AWE technologies and their market success, the development of storage units and of

standards for these storage units is crucial. Without adequate standards specifying the technical qualities

and minimum requirements related to storage units, it is hard to imagine they could have a great impact

on the global energy market.

The preliminary observations regarding standardization in AWE can be found in Table 2.

2

The kite is propelled at a given point, which requires energy. The kite would then automatically come down when the

conditions are such that it cannot produce energy anymore. At this point energy storage would be necessary.
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Main existing standards Identified need for development
Safety & Prod-

uct Standards

SC-RPAS 1309-01 Issue 2 ED-79 A

Safety standard for Very Light Air-

craft (VLA)

Conceptualization and agreement on

a dominant design, electrical perfor-

mance and tether release.

Interoperability

Standards

None identified Standards to enable transmission to

the grid and connectivity with en-

ergy storage units.

Environmental

Standards

None identified Environmental performance stan-

dards.

Table 2: Preliminary observations regarding standardization in AWE.

4 WP2: Energy Transport

4.1 Coordination challenges in the energy system

The second work package works on the transport of energy in the distribution system by the Distribution

System Operator (DSO). There are two parts of this WP. The first part focuses on the coordinated control

of Renewable Energy Sources (RES), storage and flexible loads (such as Electric Vehicles and Heat Pumps).

The second part focuses on the DC transition of the power grid.

The first part of this package is important because it is expected that in the future, most everyday

technologies will become electric, thereby increasing the load that the grid has to handle. This work

package thus aims at understanding the coordination challenges between the different technologies that

would make up the energy system of the future. Three challenges have been identified.

The first challenge of the DSO would be to optimize and coordinate loads. In principle, this could

be done at grid level through the use of smart systems, which would however, need to have access and

be able to communicate with different technologies and household appliances using electricity. This is

complicated not only because it can be intrusive and lead to reduced privacy and comfort, but also because

such level of control requires standards enabling communication and connectivity. In an ideal scenario,

standardization would enable all household appliances, regardless of their manufacturer or intended use,

to be able to be interconnected in one single system (app) which could then manage their joint usage. By

integrating the different appliances in one system, a smart technology can then optimize their energy use

to help balancing the load when required. This smart system would also need to be able to communicate

with the DSO so that it can optimize the loads of the customer. Standards specifying the ways in which this

can be done are also necessary. Usually, optimization could take place through contracts or through devices

in neighborhoods which would be connected to the operator. However, this leads to the next problem: It is

too complicated for the operator to handle everything on its own, mainly because the current ICT system

is not adequate to take on this task.

The second challenge refers to the integration of other technologies in the system. In an ideal future,

we could expect a system in which individuals are not only energy consumers but also prosumers, feeding

back to the grid the excess energy they produce with the solar panels in their rooftops. Likewise, Electric

Vehicles (EVs) will not only be demanding energy but could also be used as storage units for times in

which there is an excess in supply from green, intermittent sources. To attain such a system, standards

establishing the charging requirements of each system’s components (i.e. the power that each technology

can receive) and standards specifying how each component can feed back to the grid, will be necessary. In

the case of EVs, for example, this depends on the battery characteristics and on the charging power levels.

The last challenge refers to the handling of reserves. In order for generation to match demand, oper-

ators offer reserves to the wholesale market. In other words, the DSO gives reserves to the Transmission
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Systems Operator (TSO) when it needs them. Here, standards are also necessary to establish the power

levels for the transmission, as well as the times of deployment and of maintenance. That is, when and for

how long the transmission can take place.

While the first part of this WP focuses on congestion management, coordinated control of flexible

demand, RES and energy storage, the second part focuses on the DC transition of the power grid.

At the beginning of the twentieth century, most lightning companies delivered DC electricity [35].

However, after what is known as the Current Wars, AC current became the industry standard [12, 28].

Yet, in the past years, DC has started regaining traction. DC presents advantages in what regards to

transmission, efficiency and control, and could lead to improved reliability and improved power quality in

some applications [28]. More interestingly, new appliances and uses, like for example RES or EVs, could

benefit from the use of DC [28]. Since these technologies are inherently DC, a DC power grid would highly

reduce conversion needs and would increase the overall efficiency.

The introduction of these new technologies in the system would, however, require the development

of standards for their adequate integration with the grid. Interconnection standards such as standard

IEEE 1547 are necessary for connecting alternative sources such as photovoltaics [4]. Standards related

to supply and grid balancing, on the other hand, are important for the incorporation of EVs. Standard

EN 50160 from the European Committee for Electrotechnical Standardization (CENELEC), for example,

describes the voltage characteristics of electricity supplied by public electricity networks. This standard

defines the quality of the supplied voltage [6] which needs to be kept despite voltage disruptions. Finally,

new standards are also required to incorporate the role of new actors such as aggregators and prosumers.

[27] presents a comprehensive overview of the different standards now available for the smart grid envi-

ronment.

Finally, since the second part of this research will also take the initiative to address the feasibility of a

power grid that is DC on all of its levels (transmission and distribution), it is expected that new standards

will have to be developed to cover any new requirements that might arise from this transition.

The preliminary observations regarding standardization in the distribution system can be found in

Table 3.

Main existing standards Identified need for development
Safety & Prod-

uct Standards

Standard EN 50160 on voltage char-

acteristics of the electricity supplied.

Standards for a future power grid

that is DC on all its levels (trans-

mission and distribution). Standards

specifying the way in which the ap-

pliances must feed back to the grid.

Interoperability

Standards

Standards on the charging charac-

teristics and requirements of differ-

ent technologies connected to the

load, and standards on the character-

istics of the power to facilitate coor-

dination between the DSO and TSO.

IEEE 1547 for the interconnection of

alternative sources such as photo-

voltaics.

Standards for the communication be-

tween different (household) appli-

ances and the grid. Standards for

supply and grid balancing. Standards

for the incorporation of new actors

such as aggregators and prosumers.

Environmental

Standards

None identified None identified

Table 3: Preliminary observations regarding standardization in the distribution system.
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5 WP3: Energy Demand, Storage and New Market Models

5.1 Batteries and energy storage

In order for the energy system to achieve its full potential, coordination between its various components

is required. This becomes ever more important as new supply and demand technologies are incorporated

in the grid, such as EVs and their batteries. The focus of this section will be on batteries as units of storage,

and it will present some of the main standards applicable and/or necessary for batteries in this context.

As with the other technologies reviewed in this report, safety and security standards are primordial for

the adequate roll out of this technology in the market. Performance, operation, test methods and standards

specifying other requirements are also essential and already in place. A list of the most relevant standards

in this category can be found on Table 4. Although there are several types of storage batteries, most of the

standards on Table 4 focus on flow batteries.

Next to these standards, the effective incorporation of storage batteries in the energy system also

depends on their capability of integration with other components. To this aim, standards specifying size

and temperature requirements and standards specifying the way the batteries can be connected to different

systems will also be necessary (see also Sections 4, 6 and 7).

Standards Short Description
EVS-EN IEC 62932-1:2020 Flow battery energy systems for stationary applications - Part 1: Termi-

nology and general aspects.

EVS-EN IEC 62932-2-

1:2020

Flow battery energy systems for stationary applications - Part 2-1: Perfor-

mance general requirements and test methods.

EVS-EN IEC 62932-2-

2:2020

Flow battery energy systems for stationary applications - Part 2-2: Safety

requirements.

NEN-EN-IEC 61427-

2:2015

Secondary cells and batteries for renewable energy storage - General re-

quirements and methods of test - Part 2: On-grid applications.

NEN-EN 50549-1:2019 Requirements for generating plants to be connected in parallel with dis-

tribution networks - Part 1: Connection to a LV distribution network -

Generating plants up to and including Type B

Recommended practice

DNV-RP-0043

Safety, operation and performance of grid-connected energy storage sys-

tems.

PGS 37 Lithium-ion Neighborhood Batteries: Guide to Electricity Storage Systems

Li-ion.

HAZOP Hazard and Operability Analysis

QRA Qualitative Risk Assessment.

Table 4: Standards applicable to Flow Batteries. Own elaboration based on information provided by Joep

Lauret.

One of the main applications of batteries, and of large scale-batteries in particular, is that they can

be connected to the grid, allowing for some business models to take place. For these specific use cases,

Tennet has drafted a number of documents for Systems Operation in the Netherlands, including documents

on Frequency Containment Reserve (FCR), automatic Frequency Restoration Reserve (aFRR) and Manual

Frequency Restoration Reserve (mFRR). These documents cover, among others, the requirements and

procedures for the power supply, management of reserves and grid (frequency) stability.

Next to requirements for batteries in their specific use cases, guidelines for attaining an improved or

optimal battery performance are also necessary. These can be provided by a proper Energy Management

System (EMS) enabling the efficient utilization of available resources. As of now, however, they do not
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account for long duration storage batteries (10 hours or more), which are relatively new technologies.

EMS standards such as the ISO 50001 covers systems and processes for organizations seeking to improve

their energy efficiency [20]. By following the requirements set out in this international standard and

complying with its performance indicators, organizations can obtain a EMS certification. ISO 50001 is

based on approaches used in ISO 9001 and ISO 14001, the latter of which specifies the requirements for

a EMS to enhance an organizations’ environmental performance by looking into factors such as resource

use, pollution and waste management [25].

Since long duration batteries are relatively new in the market, it is difficult to determine now how

an EMS would incorporate specific requirements and processes. It is possible, however, that in the future

optimal battery performance will be managed by some form of artificial intelligence using information on

prediction models and available statistics and use patterns. To that end, the market is currently developing

flexibility protocols which would enable an efficient use of the system. The Smart energy Grid Architecture

Model (SGAM) is one such example of emerging market models. SGAM models interactions between

different stakeholders in the energy sector, such as Generators, TSO, DSO, Distributed Energy Resources

(DER) and energy users with the aim of enabling interoperability between them by providing them with a

common framework.

Although a lot of relevant steps have been taken towards the efficient integration of batteries in the

energy system, there are still some areas that require attention. One of the main concerns for batteries

intended for storage is the potential conflict with battery standards developed for different platforms or

markets as they would have different requirements. For example, conventional hydrogen technologies
3

mainly use stainless steel and high pressures, whereas flow batteries use various plastics and low pressure.

Therefore, it is important for the industry to acknowledge the difference between these two markets and

their specific requirements when developing standards. Not doing so could severely affect the performance

and usability of batteries for storage and consequently their role in the energy system.

A similar issue identified by Elestor refers to the bromine thresholds set up in the Seveso Directive [10].

In this case, the framing of the thresholds result in much more stringent thresholds than would be allowed

if specific characteristics of the batteries and its electrolytes were considered
4
. This points to the need of

standards being context specific and for their need to acknowledge differences in compositions and needs

across industries and use cases.

The preliminary observations regarding standardization in energy storage are shown in Table 5.

3

Standard ISO/TC 197 covers, among others, matters related to hydrogen storage.

4

“One specific issue as detected so far is related to Seveso thresholds where there are lower and upper thresholds defined.

For example, the lower threshold for a bromine quantity is 20 tonnes, but in those rules [Elestor’s] electrolyte is considered as

100% bromine, despite the fact that [Elestor’s] maximum bromine concentration is around 20%-30% maximum. Added to this the

vapour pressure is strongly reduced due to complexing effects (10-17x lower compared to pure bromine). So for [Elestor] (and [its]

customers) it would be more realistic if the lower threshold quantity for [Elestor’s] electrolyte mixture would be for example 40x

more, for example somewhere between 800-1000 tonnes. Such quantity would compare much better to 20 tonnes bromine.” [15]
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Main existing standards Identified need for development
Safety & Prod-

uct Standards

EVS-EN 61511-2:2017, EVS-EN IEC

62932, NEN-EN-IEC 61427-2:2015,

NEN-EN 50549-1:2019, HAZOP,

Quantity Risk Assessment

Bromine standards adapted to spe-

cific use cases. Standards specifying

size and temperature requirements

for large storage batteries connected

to the grid.

Interoperability

Standards

SGAM Flexibility protocols and standards

allowing the integration of different

stakeholders in the energy sector.

Environmental

Standards

ISO/TC 197, ISO 14001, ISO 50001 EMS standards

Table 5: Preliminary observations regarding standardization for large scale batteries for energy storage.

6 WP4: Electric Mobility

The Section of electric mobility is divided in two subsections: Subsection 6.1 on Electric Trucks and Sub-

section 6.2 on Electric Fleet.

6.1 Electric trucks

Although much attention is given to electric vehicles for personal use, much less attention is given to

electric trucks. Yet, it is expected that they will become important actors in the area of electric mobility.

With larger requirements than the average electric vehicle, the use of electric trucks for heavy transport

will bring different challenges. From battery size and managing the load in the electricity grid, to charging

stations’ logistics and battery swapping business models. It also involves new actors along the value chain,

the most important being companies with truck fleets which will also need to develop new logistics to adapt

to the characteristics and functioning of the electric trucks (think of range, availability of charging stations,

battery lifespan, etc.).

Just like passenger EVs, heavy duty transportation requires batteries and charging stations for func-

tioning. Unlike the former, electric trucks’ requirements are much higher and need more coordination,

which is why the sector would benefit from effective standards that can provide flexibility and facilitate

their use.

These include standards on batteries, charging infrastructure
5

and charging logistics. It is expected

that standards in this sector could facilitate the charging process so that heavy duty fleets could be used

and charged seamlessly. In what refers to the logistics, reserving charge sessions can be useful in commu-

nicating the time window available for charging. Reserving can allow the planning of charging session

ahead of time, it could help communicate the time that needs to be dedicated for charging, and help predict

waiting times. Although at the moment, reserving can already be managed by the Open Charge Point In-

terface (OCPI), standards on the battery characteristics and standards on the charge points would allow for

a more accurate estimation of the time needed for charging and would allow for a more efficient reserving

process. Other related protocols could include protocols enabling the communication of the logistics to

the vehicle so that it can anticipate the energy consumption and the charging requirements (how much

and when). Finally, to automate the charging process, standards for alternative charging infrastructure

will become necessary. This includes standards for overhead charging (Figure 3), or standards for wireless

charging (in-road and while parked).

5

The term ‘charging infrastructure’ has been chosen to clarify that the charging infrastructure is not limited to the traditional

charging stations, but can include overhead charging or other forms of wireless charging.
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Figure 3: Overhead charging prototype. Image taken from [11].

While the aforementioned standards are under development, a variety of business models have been

conceived. One of them refers to battery swapping, whereby electric trucks would go to ‘stations’ where

they can swap their used batteries for fully charged batteries. This would require that batteries across

suppliers share similar specifications, so that swapping is made possible and availability of adequate bat-

teries at different points can be guaranteed. Standardized batteries would also reduce dependence in one

technology and thus facilitate variety of supply. Battery standards, would thus require electric truck and

battery producers to design their products aiming towards compatibility and compliance with quality re-

quirements.

Charging stations also require flexibility. For long distance heavy-duty transportation, sufficient avail-

ability of charging stations would be a must. This can be facilitated through flexibility of charging stations,

whereby an electric truck can charge itself either at dedicated charging stations or at the charging stations

for personal electric vehicles. That is, following the same business model as fueling stations. To facilitate

this, standards for charging stations, plugs and batteries are thus required. Ideally, these standards would

be developed in a way that foresees the use of electric trucks and the way their integration affects system

dynamics. If new standards need to be developed to address the specific needs of electric trucks, the mar-

ket introduction and uptake of the technology might be delayed, which will in turn delay the transition to

more sustainable forms of heavy-duty transportation.

6.2 Electric Vehicle Fleet

Despite the challenges related to electrifying transport, it is evident that the way forward requires a clear

understanding of how the use of the electric vehicle transport fleet can be optimized. Optimization, how-

ever, needs to happen at different levels. WP4 addresses fleet design, product family design, topology

optimisation and component design in an attempt to design a framework for organising a fleet of (solar

powered) battery electric vehicles. Their aim is to optimise the electric vehicle fleet in such a way that

costs and emissions can be reduced and the viability of electric mobility is enhanced. This can be done by

optimally designing the individual types of vehicles that the fleet contains.

As mentioned above, WP4 addresses four components of the electric vehicle fleet optimization problem.

Fleet design (Fabio) focuses on factors like the number of seats and the number of cars per type, but also
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on factors like the range, the solar energy usage and charging capabilities, among others. Product family

design (Maurizio) focuses on the design of shared components of different family types, as welll as on

the manufacturing costs and costs of operation. Topology optimization (Jorn) refers to the best way to

organize the different components of the system. Finally, component design (Olaf) focuses on the means

to accurately and quickly optimize the design and size of the components for each application. Jorn,

Maurizio and Olaf focus specifically on the powertrain (the system of the car that makes sure that it moves

forward).

It is expected that once the optimization model is complete, the viability of an electric vehicle fleet

will be enhanced. The results of the fleet design could signal the industry on the optimal characteristics

that a fleet should comply with and, hopefully, guide its design in real life. Assuming more stringent

environmental regulations, the EU could set a directive regulating the use of the electric fleet to (gradually)

comply with the characteristics of the optimised design obtained from this model.

Similarly, the optimization of shared components design could lead to components’ standardization,

enabling the interchangeable use of components among different product families and thus facilitating the

manufacturing and production processes. Standardization of product components is especially interesting

in the case of batteries. If batteries are designed in such a way that the same battery can be used for pow-

ering both a small vehicle or a large truck
6
, the production of (1) electric vehicle fleets of different family

types, (2) batteries and (3) charging stations, would become cheaper, cleaner and more efficient. Standard-

izing the use of components among different family types would thus facilitate the large scale production

of the electric fleet. Points (2) and (3) in particular, have the potential of enabling the business case for

electric mobility. Finally, product standards could also be found setting some minimum characteristics to

be complied with by the different types of product families. These standards would focus on factors as

functionalities, Safety of the Intended Functionality (SOTIF), range, among others.

The preliminary observations regarding standardization in electric mobility are presented in Table 6.

Main existing standards Identified need for development
Safety & Prod-

uct Standards

Components’ characteristics and

specifications. Standards regarding

connector types.

Components’ characteristics and

specifications among different prod-

uct families. Standards for overhead

and wireless charging.

Interoperability

Standards

Charging stations and batteries, bat-

teries and components

Charging stations and batteries, bat-

teries and components among differ-

ent product families. Protocols en-

abling the communication between

the Electric Vehicle Supply Equip-

ment (EVSE) and electric trucks to

anticipate the energy consumption

and the charging requirements.

Environmental

Standards

None identified Environmental Performance stan-

dards.

Table 6: Preliminary observations regarding standardization in the area of electric mobility.

6

This assumes that heavy duty vehicles would use multiple batteries of the type used for small vehicles in order to guarantee

the range of the vehicle.
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7 WP5: Charging mobility

7.1 EV grid connectivity

One of the main obstacles for electric mobility has been the availability of sufficient charging infrastructure

to guarantee range and security to the user. When analyzing perceptions of the Electric Vehicle (EV)

market, both users and enterprises[21, 33] express concerns about the insufficient availability of charging

infrastructure and place it as one of the main factors limiting the adoption and diffusion of EVs [21]. The

aim of WP5 is to tackle this issue by addressing EVs’ connectivity to the grid, mainly by looking into how an

increased use of superchargers could affect the distribution network and into how charging stations could

be used to support the grid in meeting the increasing energy demand [36]. The latter is possible thanks to

the ability of electric vehicles and charging stations to store energy, which allows them to provide energy

to the grid under different circumstances, such as when there is a voltage drop or when the electricity sales

prices are high [36]. This technology is known as Vehicle to Grid (V2G) (Figure 4).

Figure 4: Operation mode from the V2G system. Image taken from [36].

For the V2G system to effectively work, communication standards between the vehicle and the EVSE

need to be implemented. These standards set out the technical requirements of controlled charging and

the V2G capability, while ensuring privacy and security of data transfer [31]. However, as of now, no

standard has been internationally accepted and instead, a number of similar (competing) standards are

being implemented worldwide, including SAEJ2847, ISO 15118 and CHAdeMO, among others [31]. Figure 5

below shows the main characteristics and differences between these standards.

As the use of EVs takes off, other issues require attention, such as the management of the electricity

system with increased loads. Since an increased use of EVs will inevitably lead to an increase in the demand

of electricity, it becomes important to ensure that high EV charging loads do not affect other aspects of

social life. To manage this, the grid operator would have to adhere to specific grid standards to ensure that

all users have access to reliable electrical energy sources at any given time.

Yet, despite the expected changes in the consumption patterns in the electricity system, there are still

not many standards supporting the grid in managing these new loads. The available standards refer only

to the behaviour of the charging station when the voltage drops in the grid. However, standards limiting or

regulating the demand-side behaviours from the use of EV charging stations are still lacking. This has led

grid operators to request standards limiting demand-side behaviours in an attempt to reduce the burden

on grid operators themselves. This is because grid operators’ are the ones left with the responsibility of

paying bills for extra regulation equipment necessary to deal with voltage drops, even when these drops

are a result of increased EV charging loads.

Equally important is the fact that connection standards are applied only on the EV side and not on

the grid side. For instance, standard IEC 61851 applies to the EVSE of electric road vehicles and specifies

characteristics and requirements about the supply of electricity to an EV through its connection to an
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Figure 5: Comparison of V2G standards. Image taken from [31].

electrical power outlet. It applies both to on-board and off-board charging equipment [13]. The standard

consists of a number of different sections and is important to guarantee the adequate and safe supply of

electricity to an EV connected to a charging station.

Some other relevant standards include standard EN 50160 from the CENELEC, which describes the

voltage characteristics of electricity supplied by public electricity networks. This standard defines the

quality of the supplied voltage [6]. The level specified by this standard needs to be kept despite voltage

disruptions. Although EN 50160 specifies a number of circumstances in which the standard does not ap-

ply, these refer to abnormal situations and not those arising from, for instance, higher EV penetration

and charging demand. Although perhaps a controversial topic, this points towards the need for grids to

become modernized to be able to deal with new patterns of electricity demand. In a scenario with high EV

penetration and an intensive use of EV fast charging, the operating parameters of the distribution network

might be degraded due to high charging loads and uncoordinated charging behaviour [14]. These disrup-

tions can lead to decreasing voltage levels resulting from excessive EV charging in a grid not designed for

these differences in load. Therefore, safety standards for the connection between grid and ground need to

be implemented.

The preliminary observations regarding standardization in EV grid connectivity are shown in Table 7.
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Main existing standards Identified need for development
Safety & Prod-

uct Standards

Standards for the adequate and safe

supply of electricity to an EV. EVSE

standards specifying the charateris-

tics and requirements of the elec-

tricity supplied to an EV when con-

nected to a power outlet.Standards

describing the electrical characteris-

tics of the electricity supplied to pub-

lic electricity networks.

Standards liminting or regulating the

demand side behaviour from the use

of EV charging. Connection stan-

dards on the grid side and safety stan-

dards for the connection between the

grid and the ground.

Interoperability

Standards

Requirements for the intercon-

nection and interoperability per-

formance of Distributed Energy

Resources (DER) and the role of DER

in grid support functions.

Communication standards between

the grid and EV charging units. In-

ternational standards in V2G. Inter-

national V2G standards.

Environmental

Standards

None identified None identified

Table 7: Preliminary observations regarding standardization in the area of charging mobility.

8 WP6: New Mobility

The Section of electric mobility is divided in two subsections: Subsection 8.1 on MaaS and Subsection 8.2

on AV.

8.1 Mobility as a Service (MaaS)

Smart and integrated transport is one of the societal challenges we urgently need to address. MaaS jumps

up as a solution as it aims to move individuals away from vehicle ownership towards shared mobility.

Shared mobility can take different forms, from the rental of a service, like Swapfiets, to the efficient use

of different means of transportation through mobility hubs (Figure 6). To be able to provide users with

an easy-to-use and complete service, prediction models analyzing who does what, where, for how long

and how do people go to and from there, are necessary. These models must be adequately integrated and

available to the user so that they can facilitate and encourage the use of MaaS. This can be done through

the use of, for instance, phone applications, which provide the user with a route including different modes

of transport from different providers. Google Maps, has already started presenting the user with various

options of combined transportation, from walking, using bikes or scooters, to different combinations of

public transportation. This is, however, limited at the moment. Integration would need to occur at a higher

level in which all different transport providers can be integrated in one app. At a national level, there are

already attempts at this integration, however, difficulties arise when trying to integrate transport providers

at international level. [16] developed an electronic cross-border travel service based on Account Based

Traveling (ABT). The ABT system was successfully implemented integrating different cross-border travel

options for travelers, through the use of a contactless token (as opposed to the use of tickets) [16]. There

is an ambition that, in the future, a similar system can be developed to facilitate travel at EU level through

a union-wide transport card. This would require interoperability standards facilitating the integration of

the services from different providers and regulating the form and use of the ABT system. Moreover, to

realize this ambition, standardization at the hardware level will also be necessary. This could improve the

connectivity of the railroad network between EU member states facilitating and encouraging the use of
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MaaS. Similarly, standards facilitating the cross-city operation of MaaS providers would enable a more

complete and efficient service.

Figure 6: MaaS framework. Image taken from [19].

At Dutch level, the Dutch Ministry of Infrastructure and Water Management, has also been involved in

the development and testing of a Transport Operator to Mobility Provider Application Programming Inter-

face (TOMP-API). This API allows the standardized and automated access to information on the services

and assets of Transport Operators (TOs) [22]. Mobility (or MaaS) service providers interested in improving

their interoperability, can then provide information and allow bookings and trip executions integrating all

possible varieties of transport, regardless of their type (think of station based/fixed timetable, free- floating,

back-to-one, back-to-many, on-demand, etc.) [22]. TOMP-API is a good example of an interoperable open

standard allowing communication between two different actors in the value chain: transport operators

and MaaS providers [17].

The use of MaaS for the energy and mobility transitions does not only focus on shared mobility, but also

on the potential of these new forms of transport on reducing CO2 emissions. Therefore, it is also necessary

to investigate the effects of MaaS on CO2 emissions. This can be done through emission prediction models

that can calculate the emissions arising from road transport, such as the COPERT4 software [1]. Originally

developed for estimating the emissions to be included in the national official annual inventories, COPERT

is available and free for use for research and scientific applications [1]. It is expected that the upcoming

version, COPERT6, will become the EU standard for calculating emissions from road transport. This would

not only provide uniformity for the calculation of emissions to be used in official reports, but would also

allow for the homogenization of values for mobility providers. This could eventually allow users to choose

their trips based on their carbon footprint, should they wish to do so, but would also allow research into

the effects of MaaS on the levels of CO2 emissions. In terms of environmental impact, vehicles sold in

the EU and the European Economic Area (EEA) are regulated by the European Emission Standards, which

determine the CO2 emissions performance of passenger cars and vans [7]. Yet to be implemented, the Euro

7 standard is expected to set the most stringent targets [9]. Given the move towards electric mobility, a

comparable performance standard should also be imposed for EVs and electric trucks to guarantee their
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best performance.

Standards in MaaS is a fairly broad topic. It ranges from standards on the different kinds of services and

the communication systems between the different actors in the value chain to the regulation of the climate

footprint of MaaS products and specific standards for each one of them. Diving into the specific standards

of each possible MaaS solution is out of the scope of this report. However, the following subsection will

make a first attempt at covering some of the standard requiring areas for Automated Vehicles.

8.2 Automated Vehicles

AV have the potential of addressing urban mobility problems and being a stepping stone for MaaS. Re-

gardless of whether they will dominate the market in the future or not, it is expected that they will grow

in popularity, especially related to the combined use of EVs and MaaS. It is foreseen that there will be

a transition period in which automated vehicles will co-exist with man-driven vehicles and to be able to

do this safely, it is important to have the right standards for automation. Of course, this also requires an

understanding of what automation actually implies. To this aim, the J3016 “Levels of Driving Automa-

tion” standard, classifies automated vehicles in six levels, ranging from SAE Level 0 (No Automation) to

SAE Level 5 (Full Automation) [38]. When the vehicle has not achieved full automation, there might be

situations in which the driver might have to take charge of the steering wheel. This is referred to as AV

disengagement.

A recent summary [3] of the reasons for AV test disengagement shows that most issues arise from ma-

chine learning faults including issues in the software, decision logic and context prediction functions. These

issues are covered by two standards: the ISO 21448:2022 and the UL4600 standard. The ISO 21448:2022 is

an international standard regarding the SOTIF. This refers to “the absence of unreasonable risk due to haz-

ards resulting from functional insufficiencies of the intended functionality or by reasonably foreseeable

misuse by persons” [23]. In other words, if nothing is wrong in terms of functionalities, the user should be

safe. This standard also specifies ways to deal with insufficiencies, should they arise. The ANSI/UL 4600

assesses the safety of public road AV and covers both urban and highway use cases [8]. The standard

describes “good and safe practices for the introduction of safety-critical systems and life-time monitoring

of the safety of AV systems” [18]. Together, the ISO 21448:2022 and the UL4600 standards cover the main

areas where improvement is needed for the safe implementation of AV.

Standards are also needed for the various components of an automated vehicle’s value chain. Perhaps

the one that users will be most in touch with, refers to User Interfaces (UIs). If we anticipate automated

vehicles for MaaS to be successful, the UIs used in these vehicles need to be similar enough between

brands to facilitate their use. As different car manufacturers enter the market, there will be a requirement

for similarity both to increase user friendliness but also to guarantee safety of usage by allowing users to

react in case of emergency. This can be facilitated through the use of standardized UIs in which format

and functionalities among brands share the same qualities. Closely related are standards on Navigation

Systems, such as the Navigation Data Standard, meant to provide the user with location references to assist

in vehicle navigation and make automated driving safer [2].

Key to the functioning of AV, are sensor functioning and calibration. Fortunately, there exist open-

source calibration packages guiding multi-sensor calibration [38]. Yet, when focusing on safety, standards

for detectors, radars, lasers and Light Detection and Ranging (LiDAR) are still lacking. These are important

particularly for guaranteeing safety in the usage of the technology. Detectors, for instance, are prone to

false-positive detection. This means that they might erroneously detect an object as dangerous in the

traffic, causing the vehicle to have an emergency response even when this is not necessary. Radars, on the

other hand, still need to be improved so that they can recognize stationary objects.

Finally, the ISO 26262-1 is an international standard for the functional safety of “electrical and/or elec-

tronic (E/E) systems […] that are installed in series production road vehicles” [24]. The purpose of this
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standard is to guarantee safety despite malfunctioning behaviour. Tied to this standard is, for instance, the

effectiveness of Electromagnetic Interference (EMI) shielding, which is necessary as more functionalities

of a vehicle become electric or electronic. Likewise, as EMI shielding requires a wider frequency coverage,

it becomes necessary to include standards regulating frequency usage. In Europe the IEEE 802.11p stan-

dard is being tested for operation on unlicensed broadband frequencies [29]. Adequate operation through

frequencies is also relevant for communication safety systems such as Vehicle to Vehicle (V2V), Vehicle to

Infrastructure (V2I) and Vehicle to Everything (V2X). Meant to deliver messages between vehicles, infras-

tructure and others, its functioning is tightly related to vehicular safety [29]. Standards can thus regulate

safety, reliability and crowding of users and usages.

The preliminary observations regarding standardization in new mobility are shown in Table 8.

Main existing standards Identified need for development
Safety & Prod-

uct Standards

SAE 3016 Levels of Automation, User

Interfaces (UIs), multi-sensor calibra-

tion, ANSI/UL 4600 for safety on the

public road, ISO 21448 for Safety of

Intended Functionality (SOTIF), ISO

26262-1 for functional safety, IEEE

802.11p for operation of unlicensed

broadband frequencies.

Standards for detectors, radars, lasers

and Light Detection and Ranging (Li-

DAR) and use of unlicensed broad-

band frequencies (to facilitate V2V,

V2G and V2X)

Interoperability

Standards

Prediction models for transport be-

haviour, Account Based Traveling

(ABT), Transport Operator to Mobil-

ity Provider API (TOMP-API) for ac-

cess to information and services of

transport operators. V2X, V2V and

V2I communication standards.

Improvement of TOMP-API

Environmental

Standards

COPERT for calculating emissions

arising from road transport and Eu-

ropean Emission Standards for CO2

emission performance of passenger

cars and vans.

European Emission Standard for

electric vehicles

Table 8: Preliminary observations regarding standardization in the area of new mobility.
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9 Summary

Standards play an important role in the energy and mobility transitions. Standards cannot only support

the market introduction of new technologies but they can also play a key role in setting the guidelines that

technologies have to follow, allowing them to easily communicate and coordinate with other technologies.

This is a main requirement of most technologies for the energy transition. Standards are also important

as they can signal the user that a technology complies with some minimum requirements guaranteeing its

quality, effectiveness and safety of use.

This report is a first approach at understanding the role that standards can have in facilitating the

energy transition. It does so by briefly exploring the six technological areas of interest for NEON and

understanding what their goal is in the energy transition. Stemming from this, it looks into the standards

that are already in place to facilitate the technology’s intended functionality (when applicable) and then

looks into the areas in which standards could be useful but are not yet in place.

Among the reviewed WPs, product and safety standards were already in place in most (but not all)

cases, meaning that the intended functionality of the technology is already regulated and guaranteed. This

is important for promoting consumer confidence and stimulating technological adoption.

The technologies analyzed in this report, however, need to communicate and coordinate with other

technologies and industries to achieve their full potential. This is possible through interoperability stan-

dards enabling the operation of these different technologies as part of a larger system. After reviewing the

different WPs, it became evident that interoperability standards were necessary to connect the function-

ality of each of these technological areas with one another. That is to say, Energy Supply (WP1), cannot

fully work independent of Energy Transmission (WP2), or Energy Storage (WP3). Likewise, Electric Mo-

bility (WP4) depends on Energy transport (WP2), Energy Storage (WP3), and Charging Mobility (WP5)

for better performance
7
. Overall, interoperability standards are necessary when connecting the different

technologies to and from the electricity grid. A system of the future aimed at providing clean and sus-

tainable energy, would thus need a better integration of the energy and mobility sectors. This is possible

through, among others, the use of interoperability standards.

Interoperability standards are also important for New Mobility (WP6) when aiming for coordination

between different sectors or products and service providers, as illustrated by the example of the ABT

system and the TOMP-API. In these cases, interoperability standards allow the integration of various

system providing a better and more efficient service, thus boosting the move towards the use of MaaS

Next to the standards discussed in this report, it is also expected that, at an overarching level, environ-

mental standards might be guiding the usage of the technologies studied across the different WPs. This is

already taking place in some areas, such as through the Environmental Management Standard, ISO 14001,

which guides the measurement and improvement of a company’s environmental impact [25]. However, as

new technologies are introduced in the system, new standards setting their environmental performance

would also be required.

Finally, although all the WPs discussed in this report are necessary for the energy and mobility transi-

tions, they all present different (levels of) requirements. Based on the findings in this report, we propose

three focus areas to be addressed in a follow up report: Energy Transport (WP2) Energy Storage (WP3) and

Electric Mobility (WP4). This second report will focus on further exploring the standardization needs in

the chosen areas and understanding the likelihood of their adoption. A first step will consist on identifying

the standardization activities taking place in each of the focus areas. This will be followed by an assessment

of the level to which said standards could support the successful and interoperable implementation of the

studied technologies. The report will end with an assessment of whether the discussed standards account

7

These interdependencies can be seen in Figure 8 in the Appendix. The number of interdependencies, combined with the

standard requirements of Figure 7 form part of the criteria used to select the proposed focus areas for the follow-up report.
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for specific user needs (user as a legitimate stakeholder) and the level to which the standards could support

the achievement of Dutch sustainability goals.

Table 7 provides an overview of the standard availability and requirements in each WP. Grey cells

indicate the areas in which standards are not (urgently) needed, green cells indicate the areas in which

standards are already present and orange cells indicate the areas in which standards are still needed.

Figure 7: Overview of the standard availability and requirements in each WP.
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10 Appendix

Interoperability between packages
Figure 8 illustrates the interdependencies between the different WPs.

Figure 8: Interdependence between the different WPs.
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Standard Availability
Table 9 provides an overview of both the standards that have been already established in each WP (white)

and of the standards that are still necessary and might need to be developed (grey).

Figure 9: Overview of the different types of standards in each WP. The rows in white show the standards

already established. The rows in grey show the standards that still need to be developed
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Acronyms

ABT Account Based Traveling

AC Alternate Current

aFRR automatic Frequency Restoration Reserve

AV Automated Vehicles

AWE Airborne Wind Energy

CENELEC European Committee for Electrotechnical Standardization

DC Direct Current

DER Distributed Energy Resources

DSO Distribution System Operator

EEA European Economic Area

EMC Electromagnetic Compatibility

EMI Electromagnetic Interference

EMS Energy Management System

EV Electric Vehicle

EVs Electric Vehicles

EVSE Electric Vehicle Supply Equipment

FCR Frequency Containment Reserve

LiDAR Light Detection and Ranging

MaaS Mobility as a Service

mFRR Manual Frequency Restoration Reserve

MV Medium Voltage

OCPI Open Charge Point Interface

RES Renewable Energy Sources

SGAM Smart energy Grid Architecture Model

SOTIF Safety of the Intended Functionality

TOs Transport Operators

TOMP-API Transport Operator to Mobility Provider Application Programming Interface

TSO Transmission Systems Operator
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UIs User Interfaces

V2G Vehicle to Grid

V2I Vehicle to Infrastructure

V2V Vehicle to Vehicle

V2X Vehicle to Everything

WPs Work Packages
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