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SCALE Introduction 

SCALE (Smart Charging Alignment for Europe) is a three-year Horizon Europe project that explores and 

tests smart charging solutions for electric vehicles. It aims to advance smart charging and Vehicle-2-

Grid (V2G) ecosystems to shape a new energy system wherein the flexibility of EV batteries' is 

harnessed. The project will test and validate a variety of smart charging and V2X solutions and services 

in 13 use cases in real-life demonstrations in 7 European contexts: Oslo (NO), Rotterdam/Utrecht (NL), 

Eindhoven (NL), Toulouse (FR), Greater Munich Area (GER), Budapest/Debrecen (HU) and Gothenburg 

(SE). Going further, project results, best practices, and lessons learned will be shared across EU cities, 

regions, and relevant e-mobility stakeholders. SCALE aims to create a system blueprint for user-centric 

smart charging and V2X for European cities and regions.  

SCALE's consortium comprises 29 cutting-edge European e-mobility actors covering the entire smart 

charging and V2X value chain (equipment and charging manufacturers, flexibility service providers, 

research and knowledge partners, public authorities, consumer associations, etc.) It is led by ElaadNL, 

one of the world's leading knowledge and innovation centres in smart charging and charging 

infrastructure.  
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Report executive summary 

 

Key words 

Electric vehicles, smart charging, Vehicle-to-Anything, flexibility markets, interoperability, Use cases, Control topology, 

System Architecture 

Summary 

SCALE (Smart Charging Alignment for Europe) is a three-year Horizon Europe project that explores and 

tests smart charging solutions for electric vehicles. It aims to advance smart charging and Vehicle-2-

Grid (V2G) ecosystems to shape a new energy system wherein the flexibility of EV batteries' is 

harnessed. The project will test and validate a variety of smart charging and V2X solutions and services 

in 13 use cases in real-life demonstrations in 7 European contexts: Oslo (NO), Rotterdam/Utrecht (NL), 

Eindhoven (NL), Toulouse (FR), Greater Munich Area (GER), Budapest/Debrecen (HU) and Gothenburg 

(SE). Going further, project results, best practices, and lessons learned will be shared across EU cities, 

regions, and relevant e-mobility stakeholders. SCALE aims to create a system blueprint for user-centric 

smart charging and V2X for European cities and regions.  

 

¢Ƙƛǎ ŘŜƭƛǾŜǊŀōƭŜ оΦм ά¦ǎŜ ŎŀǎŜ ǎŜǘǳǇ ǊŜǇƻǊǘέ ƛǎ ǘƘŜ ŦƛǊǎǘ report of Work Package 3, led by FIER 

Sustainable Mobility, and describes the setup of the use cases. The document describes the use case 

setup according to the framework set out in the previously released Stakeholder Analysis Report 

(D1.2, 2022), and combines parts of the unpublished work done on the Smart charging and V2X system 

architecture. Through this framework key elements of the industry value chains are described such as; 

Charging infrastructure, Mobility services, Charging services and Energy services.  On system 

architecture the different control topologies and central communication protocols applied in the use 

case are explained. Also the overall learnings on the use case setup process are included.  

Looking at the various mobility services it is apparent that within the different use cases there is good 

representation of relevant services such as car-sharing; private - and company cars and in the heavy 

duty vehicles, B2B. In SCALE we aim to better understand the impact of these different mobility 

services on the smart charging and V2X potential. 

Oslo 

Gothenburg 

Utrecht 

Eindhoven 

Munich Budapest / 

Debrecen Toulouse 

Figure: Use case locations 



   

 

   

 

On the various charging services deployed in the use case a distinction is made between AC and DC 

charging. These two categories are further separated between unidirectional and bidirectional 

charging, and for DC charging also instant fast charging. There is good variation between the services 

that are deployed in the use cases, where many use case have more than one of these services 

included.  

In SCALE the energy services are grouped into 4 categories;  

(1) Local behind-the-meter optimization 

(2) Balance responsibility  

(3) System balance  

(4) Congestion management 

Each of these categories is again subdivided into the specific energy services. In the report an inventory 

of the planned energy services is provided for all use cases. All ǳǎŜ ŎŀǎŜǎ ŀǊŜ ƛƳǇƭŜƳŜƴǘƛƴƎ άƭƻŎŀƭ 

ōŜƘƛƴŘ ǘƘŜ ƳŜǘŜǊ ƻǇǘƛƳƛǎŀǘƛƻƴέ. Besides that, many use cases are planning to implement energy 

services in the other 3 categories.  

With smart charging or V2X there is one actor in control of the charging session. In SCALE there are 

three control topologies that can be distinguished: the car manufacturer (OEM), the Charge Point 

Operator (CPO), or the Energy Manager (EM). In the use cases and within the SCALE goals of 

implementing open standards and protocols only the CPO and EM control topologies are applied.  

SCALE aims to promote open standards and protocols that support smart charging and V2X in an 

interoperable manner. In the system architecture there has been much attention on communication 

protocols. In the report, for each use case it has been mapped which protocol and standards are 

planned to be implemented.  

In the setup of the use cases, we have seen strong dependencies between use case leaders and other 

consortium partners in terms of incorporating equipment, vehicles and software. In the end all 

subsystems that make up the complete system around a use case are needed to showcase the energy 

services that are planned to be implemented. We have seen that developments around standards and 

protocols that follow up each other in a rapid pace (e.g. ISO 15118-20 being recently released) it takes 

time for all the stakeholders involved to implement these new protocols into their products and 

software platforms. Product safety and related certifications, which cannot be compromised, are 

among the key factors to make this a time-consuming exercise. We also see that there are regulatory 

uncertainties and barriers around V2X that for certain use cases cause uncertainties on timing. From 

the EV OEMs it became apparent that grid code compliance is a key concern, in particular in relation 

Figure: Example Use case architecture on communication protocols 



   

 

   

 

to AC charging and the upscaling to mass market deployment. These and other regulatory barriers will 

be addressed in more detail in WP5.  

With an innovation project like SCALE, where we push the limits in terms of what is possible, these 

minor setbacks are to be expected and provide valuable insights. To continue to make progress, some 

of the use cases will start the execution phase with those energy services that can be done based on 

the products they can have available now. The more complex services will be added throughout the 

project. In many occasions this implies that the bidirectional services will be added in a later stage of 

the use case e.g. by updating product software. 

For specifics and learnings on each use case and for overviews relating to the mobility services, 

charging services and energy services, control topology and communication protocols applied in the 

use cases we refer to the full report in which these are provided.   
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Purpose of the deliverable 

Deliverable 3.1 as part of Work Package 3 is led by FIER Sustainable Mobility and describes the setup 

of the use cases. For each use case the implemented charging concepts and energy services that will 

be tested are described. This document builds forth on the previously released Stakeholder Analysis 

Report(D1.2, 2022), the work done on the Smart charging and V2X system architecture (not yet 

published) and Deliverable 1.5 List of hard- and software requirements (D1.5, 2023). 

  



   

 

   

 

1. Introduction 

SCALE aims to advance EV charging technology and facilitate the mass market uptake of smart 

charging and Vehicle-to-Everything (V2X) technology. To do this, 13 use cases are executed over 4 

innovation clusters: Vehicle-to-Home, Vehicle-to-Business, Vehicle-to-Depot, and Vehicle-to-Public. In 

all 4 innovation clusters, smart charging and V2X technologies will be tested. This Use case setup report 

(Deliverable 3.1) provides a comprehensive overview of the set-up of the use cases.  

Per use case, a detailed description is included so that on use case level the set-up can be seen. In 

Chapter 1, the important aspects of the use case description are introduced and explained, followed 

by the individual use case descriptions in Chapter 2. Chapter 3 will have the conclusions/lessons 

learned from the setup period of the use cases of SCALE. 

The use case descriptions in Chapter 2 start with the context and goals of the use case, as to 

understand the motivation behind the use case. After that, the control topologies are elaborated 

upon, describing how the charging sessions are being steered. Next, the assets used in the use case 

are listed such as the number of assets, charging power and type of installed vehicles, chargers, and 

other relevant assets. The stakeholders involved in the particular use case are also mentioned. These 

are SCALE partners as well as external organisations. Each use case description includes a Gantt chart 

displaying the timeline of the steps to be taken concludes with a list of the energy service that will be 

executed. By providing detailed information on these aspects, these individual descriptions contribute 

to a better in-depth understanding of the use cases. 

Method of working in SCALE 

In SCALE, the process of setting up the use cases is first of all done by the use case leaders. Of course, 

the use case leaders are cooperating with the SCALE Partners who provide their expertise, services 

and equipment. This is done in work package 3 in SCALE and is led by FIER Sustainable Mobility. The 

cooperation within SCALE is fairly intensive, this is necessary because most use cases are dependent 

on many different SCALE partners and on other SCALE work packages. There are monthly meetings, 

led by FIER, with all the use case leaders. In these meetings, the progress of set-up, encountered 

bottlenecks, and other relevant aspects are discussed. Work package wide challenges and activities 

are addressed by follow up meetings led by FIER. Besides that there are many bilateral exchanges 

among the use case leaders and other SCALE partners to further the development of individual use 

cases 

Method of creating the use case set-up report 

The Use Case Setup Report was prepared by FIER Sustainable Mobility and the use case leaders. The 

core information was provided by the use case leaders and consolidated by FIER into this report. based 

on the input of the use cases, FIER has drafted up the key learning and conclusions.  



   

 

   

 

In this report, the same structure will be used as in 

the SCALE Stakeholder analysis, the set-up of the 

use cases is described on the 4 identified industry 

value chains. The 4 industry value chains are 

Charging infrastructure, Mobility services, 

Charging services, and Energy services visualised in 

Figure 1. A description is included per industry 

value chain followed by a description of how this is 

included in the SCALE use cases, the problems that 

were encountered on the topics and the mitigation 

measures that were taken. By using the industry 

values chains to describe the use cases that were 

set up, a comprehensive picture can be given of 

them. 

 

 

 

 

1.1. Setup process 

The SCALE setup process is similar to most usual development processes, underneath the different 

steps are elaborated upon. 

Specification of technical requirements 

In this stage, the technical requirements for the setup are defined, based on the use case and its 

objectives. This involves identifying the hardware and software needed, as well as the performance 

and functional requirements. This is a task that in some use cases, for instance, in Utrecht (use case 

00) and Eindhoven (use cases C2 and C3) had already been specified before the project because there 

already was a legacy from previous projects. In these use cases, only minor changes had to be made 

to the already existing situation. In other use cases that are set up from scratch, the specification of 

technical requirements took more time. 

Software development 

Once the technical requirements have been specified, the software development process begins. 

Enervalis is responsible for this stage as the leader of Work Package 2 (Development of Smart Charging 

and V2X Technologies and Solutions), which involves creating the software needed to run the use case. 

The needed development effort varies greatly between the use cases. 

Delivery of hardware 

Delivery of hardware is crucial for setting up the use case. With SCALE aiming high in terms of 

deploying hardware product innovations, this often involves development by individual partners in 

the project. With product developments executed in parallel to the use case setup, this often brings 

in uncertainties to the use cases setup planning.  

Commissioning 

This involves installing and configuring the hardware and software to ensure that safety can be 

guaranteed and that the systems are working correctly. 

Figure 3: Industry value chains.  
Source: SCALE Stakeholder analysis 



   

 

   

 

Validation 

Once the system has been commissioned, the next stage is validation. This involves testing the system 

to ensure that it meets the technical requirements and that all components that make up the system 

are properly integrated. 

Start use case execution 

Once the system has been validated, and the system is working properly, the equipment can be taken 

into use, thus the use case execution stage can begin. 

1.2. Charging infrastructure 
The charging infrastructure industry value chain is separated into three phases: 1 planning, 2 

installation, and ultimately 3 exploitation. As this is the setup report of the SCALE use cases, most use 

cases are in the planning and/or installation phase rather than the exploitation phase. The lessons 

learned report on the SCALE use cases, due September 2024, will have more insights on the 

exploitation phase as well. This being said, because SCALE is being built up from many already existing 

use cases and knowledge, there are use cases that are already in the exploitation phase. Also, because 

the use cases consist of several components, some parts of a use case can already be in the 

exploitation phase whereas other components are still in the planning phase. 

1.2.1. Planning  

The planning of charging infrastructure is a difficult process, the uptake of EVs is dependent on 

sufficiently dense charging infrastructure network. Also exploiting a profitable charging infrastructure 

is dependent on sufficient uptake of EVs. This is the well-known chicken-and-egg problem of electro-

mobility (SCALE Stakeholder Analysis, 2022; page 19, subsection 2.1.1.). The SCALE use cases are, in 

many occasions, build forth on existing or already planned charging infrastructure initiatives. In such 

situations SCALE will add an additional layer with software and hardware updates to the existing 

situation and thereby implement the innovative smart charging and/or V2X solutions. Even though 

the charging infrastructure itself has already been placed, and in some use cases already operational, 

in SCALE these use cases will expand on the existing. This implies that for certain use cases there are 

dependencies to these existing or planned initiatives. The planning as provided by each the individual 

use case aims to incorporate all the relevant activities that are important to setup all the elements 

required for the execution of the use case. 

1.2.2. Installation 

The installation phase of the charging infrastructure deals with the actual placement of the charging 

equipment. Same as with the planning phase, many of the SCALE use cases are being carried out at 

existing sites. In these situations, the installation phase may refer to the phase where reworks on the 

existing hardware or software upgrades on the product lever are implemented. Aside from the fact 

that installation work is getting more expensive and delivery times for materials are relatively long, 

there are no unexpected results during the installation phase. 

1.2.3. Exploitation 
Naturally, because this is a report on the setup of the use cases, charging infrastructure is generally 

not in the exploitation phase. Although, as mentioned before, some use cases are already operating 

and, therefore, in the exploitation phase. SCALE will utilize the results and data that are being gathered 

from these already operational use cases, although none of the use cases is operational in their final 

form. Meaning that all these use cases will undergo modifications in some form or other.  



   

 

   

 

1.3. Mobility services 
Mobility can be offered to end users in different ways. As already written in the Stakeholder analysis 

of SCALE (page 21, subsection 2.2), the paradigm is shifting from only ownership of vehicles to other 

mobility services. In SCALE there is chosen to include different varieties of mobility services in the use 

cases. The mobility services used in SCALE are private cars, shared cars (business-to-business and 

business-to-consumer, and leasing cars (company cars). In SCALE we want to better understand the 

impact of different mobility services on the smart charging and V2X potential. E.g. the intentions of 

the explicit placement of shared cars in some use cases is that these are always connected to a charger 

when not in use, they are owned by a central professional organisation instead of by many individuals, 

and that their usage pattern is known from the reservation system. We foresee that these factors 

strongly enlarge the potential per car and cause car sharing systems to have an important position in 

scaling-up of V2X operation of e-cars. The same is true, to a lesser degree, for leased cars. 

Most of the innovation in SCALE does not revolve around mobility services, the focus is on smart 

charging and V2X charging. That being said, V2X services can only take off, when all stakeholders from 

the entire ecosystem are participating. When, for example, looking at the flexibility that EVs can offer 

to the electricity grid, it is important that as many vehicles as possible are participating. One vehicle 

offers only a small flexibility potential. For this reason, it is important to understand all different 

potential stakeholders and test smart charging and V2X solutions in multiple mobility services.  

1.4. Charging services 
With the development of smart charging and V2X services within SCALE, the impact that charging of 

EVs has on the electricity grid is drastically reduced. This is done by implementing energy services; 

these are described in §1.6. Which energy services can be offered is determined by a number of 

factors, one of which is the charging service. As described in the SCALE Stakeholder analysis (page 23, 

subsection 2.3), 3 charging services can be determined: 1 unidirectional charging, 2 bidirectional 

charging, and 3 instant fast charging. All 3 charging services are being deployed in the SCALE use cases. 

1.4.1. Unidirectional charging 

Unidirectional charging means that the power is only going from the grid to the vehicle, this is the 

most well-known charging service today. Most of the currently available charging services are 

unidirectional. However, within this charging service, there is an important distinction to be made, 

between smart charging and uncontrolled charging. Uncontrolled charging stations can only deliver 

full power, at the request of the EV, and cannot be managed. With charging stations that have smart 

charging functionalities the power level can be controlled. This way, EV charging can become part of 

the solution instead of the problem. E.g. EV charging can be initiated or maximised when there is an 

abundance of renewable energy and can be stopped or reduced when there is high energy demand 

or there is congestion on the electricity grid. This way the charging sessions are contributing to a more 

stable electricity grid.  

Within smart charging, there are different levels of control. The first, and often already available 

manner of smart charging, is charging stations controlled being reduced in power when the maximum 

power on the grid connection is reached. This is a very effective way of smart chargingΣ ōǳǘ ƛǘ ŘƻŜǎƴΩǘ 

take any other factors into account than the measurements at the grid connection. Within SCALE, the 

use cases go further than this. Additional data sources are used to manage and optimise the charge 

sessions. More on this will be described in the paragraph §1.6 on the Energy services.  

1.4.2. Bidirectional charging 



   

 

   

 

Bidirectional charging, as the term implies, means that power can go into the car, but also from the 

car back to other (non-mobility) related use. In this situation, the battery of the vehicle is being used 

to store energy that can be used at a later moment. The energy can flow back to several destinations, 

in Vehicle-to-Home (V2H), Vehicle-to-Depot (V2D), Vehicle-to-Business (V2B), or Vehicle-to-Grid 

(V2G). We see that many of the Energy Services that are described under §1.6 can be done both uni- 

and bidirectionally, where the latter has the potential to create higher added value and minimise the 

need for grid reinforcements.  

1.4.3. Instant fast charging 
The third and last charging service is instant fast charging. The big difference compared to 

unidirectional charging and bidirectional charging is that with instant fast charging key priority is to 

charge an as high as possible amount of energy in as short as possible timeframe. Unlike the other 

charging services, instant fast charging can only deliver a satisfactory service when charging at high 

power. When someone is charging at his or her destination, it often ŘƻŜǎƴΩǘ ƳŀǘǘŜǊ ƛf the vehicle is 

fully charged two hours before departure or two minutes before departure. This means that there is 

room to adjust the charging profile, with instant fast charging the charging profile can be adjusted to 

a lesser extent. Although there are limitations to the smart charging that can be applied to instant fast 

charging there is also a lot of potential. The planned roll out of a large network of instant fast charging 

locations alongside the highway in 9ǳǊƻǇŜΩǎ TEN-T network is expected to require huge investment in 

electricity grid. This can be reduced by implementing smart solutions, e.g. in combination with local 

energy storage, to reduce the impact of these charging locations on the grid. An example of this is use 

case C2 that aims to find the optimal set up and requirements for an on-line pre booking charging 

service along the public (future) instant fast charging facilities around the European highway network. 

Data of the booking system can be used to plan the charge sessions and make sure that maximum 

power is available during the planned charge time, while minimising the impact on the grid.  

1.5. Energy services 
In the combination of mobility and charging services, different energy services can be provided using 

the batteries in electric vehicles in a smart way. In SCALE, Energy services are divided into 4 categories: 

1 local behind-the-meter optimization, 2 balance responsibility, 3 system balance, and 4 congestion 

management. Per category, different energy services can be identified. In this paragraph, the energy 

services are introduced.  

Most energy services can make use of unidirectional or bidirectional charging services. The main 

difference is that with energy services via bidirectional charging the potential that can be offered to 

the grid is larger than with unidirectional charging. For instance, executing the energy service Optimize 

PV self-consumption aims to increase the use of generated power from a PV installation. With 

unidirectional charging, you can charge the EV when the PV installation is producing power and stop 

or reduce charging if there is no PV power generation. In this way, you are executing this energy 

service because you are optimizing the PV consumption. Unfortunately, when the battery is full, you 

can no longer execute the energy service. When using bidirectional charging for the same energy 

service, the EV can offer more value. In that situation you can charge the EV when the PV installation 

is generating power, provide power back to a home or other buildings when there is no PV power 

generation (for instance, at night), and charge it again the next day.  

1.5.1. Local behind-the-meter optimization 
Local behind-the-meter optimization is, as the name suggests, done without power going back to the 

grid. All the optimization, whether it is unidirectional (smart charging) or bidirectional (V2X), is taking 



   

 

   

 

place behind the meter at a home, office building, or other location. The optimisation is typically 

controlled by the site owner.  

 

 

1.5.2. Balance responsibility 
On the electricity grid, the supply and demand needs to be balanced. The same amount of energy 

needs to be generated as energy that is used. The responsibility for matching supply and demand lies 

with the Balance Responsibility Party (BRP), which is the energy supplier on many occasions. 

Underneath are the energy services associated with balance responsibility. With a single car being 

typically too small of an asset to provide these services, aggregation of these assets is needed. 

Energy service Description 

Wholesale market price 

arbitrage 

Capacity can be managed as a subpool within the BRP's portfolio and 

gain additional revenues can be charged at low price moments and 

discharged at high price moments (BRP provides market access) 

Intraday portfolio 

optimization 

for BRP's with a large part of renewable energy in its portfolio, the 

flexibility of aggregated capacity within his portfolio of grid 

connections can be used to compensate for the forecast errors and 

the imbalances in his portfolio 

 

 

 

Energy service Description 

Increase self-consumption 

of on-site renewable energy 

When a consumer has rooftop solar with a feed-in tariff different from 

the supply tariff, value can be created by maximizing the consumption 

of locally generated solar 

Reduce demand charges 

WƘŜƴ ŀ ŎƻƴǎǳƳŜǊ ƛǎ ŜȄǇƻǎŜŘ ǘƻ ŎŀǇŀŎƛǘȅ ǊŜƭŀǘŜŘ ŎƘŀǊƎŜǎ όϵκƪ² ƻǾŜǊ 

a period), such demand charges can be reduced by applying peak 

shaving 

Time-of-Use shifting 

When a consumer is subject to time varying electricity prices in the 

form of static ToU, dynamic pricing, critical peak pricing, etc., value 

can be generated by avoiding exposure to high prices of behind-the 

meter consumption 

Provide back-up power 
When a grid outage is detected, the vehicle can provide back-up 

power to the household 

Table 1: Local behind the meter optimization 

Table 2: Balance responsibility 



   

 

   

 

1.5.3. System balance 
For a stable electricity grid, the system balance is important. To achieve system balance, the electricity 

grid needs to maintain a stable frequency of 50 hertz. A Balance Service Provider (BSP) provides the 

service of this balancing to the TSO. EVs can be an example of assets that are used to provide the 

service. With smart charging electric vehicles can only be used as a demand asset, it can only take 

power from the grid. With V2G, the electric vehicles can also be used as suppling assets. With a single 

car being typically too small of an asset to provide these services, aggregation of these assets is 

needed. Underneath are the energy services associated with system balance. 

Energy service Description 

FCR Frequency Containment Reserve (FCR). Aggregated capacity offered 

by a BSP can be called upon by the TSO to restore imbalances in a 

Local Frequency Control Area.  

aFRR Automatic Frequency Restoration Reserve (aFRR). Aggregated 

capacity offered by a BSP can be called upon by the TSO to restore 

imbalances in a Local Frequency Control Area. Required activation is 

slower than FCR. 

mFRR Manual Frequency Restoration Reserve (mFRR). Aggregated capacity 

offered by a BSP can be called upon manually by the TSO to restore 

imbalances in a Local Frequency Control Area 

Strategic reserves 

(adequacy) 

Aggregated discharging ability could be used as strategic reserves and 

provide an alternative for thermal power plants or industrial demand 

response capacity to improve the adequacy of the system 

 

 

1.5.4. Congestion management 
The last of the 4 categories in which energy services are divided is congestion management. As 

described in the SCALE Stakeholder analysis (page 28, subsection 2.4.4.), congestion management is 

typically needed on occasions when certain parts of the distribution system risk to get overloaded or 

congested. Congestion management energy services can be aimed at preventing and resolving 

congestion. Below are the energy services related to congestion management. 

Energy service Description 

Long-term Flexibility 

agreement 

V1G/V2X can provide a non-wire alternative and expand the lifetime 

of the existing DSO infrastructure through long term congestion 

management contracts 

Table 3: System balance 



   

 

   

 

Short term congestion 

management (D-1) 

When congestion in the local grid is expected in D-1, V1G/V2X can 

provide congestion management services in short term congestion 

management markets through contracted bids 

Operational congestion 

management (near real-

time) 

When congestion is detected in near real-time, congestion 

management services can be activated from V1G/V2X through non-

contracted bids 

Power Quality control 

When the operational limits (voltage, phase imbalance,...) of the local 

electricity grid are reached, rapidly discharging or charging electric 

vehicles could help restore the local grid within its normal operating 

boundaries 

 

  

1.6. System architecture 
SCALE is testing several applications of smart charging and V2X charging solutions. The goal of the 

different solutions over different mobility services, charging services, and energy services is to ensure 

that electric vehicles are not a strain on the grid, but can support the grid and reduce the need for grid 

reinforcement. To use the charging sessions of electric vehicles to reduce the grid impact, the electric 

vehicles and charge points need to be able to work together and with many other systems that make 

up the smart charging and V2X ecosystem. Also, these subsystems of the ecosystem need to be 

interoperable in order to be ready for upscaling for mass deployment. There lies a great challenge, as 

the system architectures of these ecosystems are not yet fully developed and aligned among the 

different stakeholders in the ecosystem. One well known example is the ISO 15118-20 norm for 

communication between charger and EV. For most use cases this standard is an essential part of the 

system architecture because it enables high level communication between the vehicle and the charger 

that is crucial in many smart charging functionalities as well as bidirectional charging. For the complete 

overview of the SCALE protocols and standards we refer to the SCALE Analysis of hard- and software 

requirements (Deliverable 1.5, 2023) 

1.6.1. Reference architecture 

To have the ecosystem fully cooperating and communicating, a sound system architecture is 

necessary. This consists of all the actors involved, the roles of these actors, the communication 

protocols used, and the energy services provided. There is no one-size-fits all system architecture as 

every situation can have key differences leading to other choices in the system architecture. However, 

there are certain important aspects that are universal, or at least recommended. SCALE, task 1.4 and 

deliverable 1.4 aims to provide this input on the system architecture. The deadline for deliverable 1.4, 

Smart charging and V2X system architecture, is May 2024. Because the partners involved recognize 

the importance of a uniform understanding of the system architecture, the work on task 1.4 was 

already started. This was done to support the SCALE use cases in setting up their system architecture. 

Underneath here, two essential aspects of the system architecture are described, the control topology 

and the communication protocols. 

1.6.2. Control topology 

Table 4: Congestion management 



   

 

   

 

The control topology means the way of 

controlling a charging session, which actor is 

doing the actual controlling of the charging 

session. There are three control topologies 

that can be distinguished: the car 

manufacturer (OEM), the Charge Point 

Operator (CPO), or the Energy Manager (EM). 

Each of these control topologies has a control 

system which controls the asset. In Chapter 2 

it will be indicated per use case which control 

topology is used. There is no good or bad 

choice, but the choice for a control topology 

does have implications for the rest of the 

system architecture and data requirements. For example, the actors that need to be involved and the 

communication protocols that can be used.  

1.6.3. Communication protocols  

In the SCALE Analysis of hard- and software requirements (Chapter 3 & 4) a very detailed description 

of all the necessary hard- and software requirements for the electric vehicle, the charging station, and 

the Charge Point Operator (CPO) is given. This is very relevant and necessary input to the works done 

on the system architecture. Important protocols to be included in the system architecture are Open 

Charge Point Protocol (OCPP) and Open Charge Point Interface (OCPI). The latest or soon to be 

released protocol versions of OCPP & OCPI allow for most desired outcomes to be achieved by a V2X 

ecosystem. With regards to EV- Charging Station communication, the current dominant protocol for 

both AC charging is IEC 61851. This protocol is not considered future proof due to several reasons such 

as lack of support for bidirectional charging and an inability to exchange information between the EV 

and charging station for smart charging purposes such as present State-of-Charge (SoC) of the EV 

battery. The bidirectional communication capabilities that ISO 15118-20 offers in addition to IEC 

61851 would close most of the gaps related to the desired system outcomes for the communication 

between the EV and the charging station.  

Figure 3 shows an example of a representation of the control protocols as part of the system 

architecture. In the use case description in Chapter 2 these will further be specified. For instance, 

which version of OCPP and OCPI are being used, or if the one of the recommended protocols cannot 

Figure 4: Control topologies 

Figure 5: Example architecture on communication protocols 



   

 

   

 

be used. This can, for example, be the case with ISO 15118-20 for which the implementation in the EV 

or charger proves to be difficult. This system architecture is merely a representation of the potential 

actors in the system architecture of a use case with recommended communication protocols. Per use 

case, the system architecture will differ highly. This is not the final system architecture; this is just an 

example.  

 

  



   

 

   

 

2. Individual use case setup 

 In this chapter we will provide specific details on the setup of each of the SCALE use cases, grouped 

per innovation cluster. SCALE has identified four Innovation Clusters (based on sites/ specific user 

groups) for which smart charging and V2X is either already playing a significant role or will become a 

necessity in the next years. SCALE will test and validate a variety of smart charging and V2X solutions 

and services in 13 use cases in real-life demonstrations structured by the four Innovation Clusters (A: 

Home, B: Business / office, C: Light- and heavy duty, D: Public). Use case 00 (WDS) is placed in a 

separate innovation cluster as it overarches the innovation clusters. Figure 6 provides on overview of 

the different locations where the use case are situated.  

 

  Figure 6: Use case locations 

Oslo 

Gothenburg 

Utrecht/ Rotterdam 

Eindhoven 

Munich Budapest / Debrecen 

Toulouse 



   

 

   

 

2.1. Smart home charging 

In this innovation cluster, charging of EVs will take place predominantly at 

home. Therefore, it offers important potential for smart charging and V2X 

functionalities. Utilizing smart charging and V2X can in this Innovation 

Cluster increase the uptake of EVs (through cost benefits and ease of use), 

increase the utilization of locally produced renewable energy (through self-

consumption of the generated local renewable energy), and lower the dependency on the grid. The 

highest focus is reducing costs and create a high usability for users to ensure high participation 

throughout society. 

2.1.1. A1 Self-consumption in single family housing (Munich) 

Introduction  
Use case lead Sono Motors GmbH 

Context of the use 
case 

The use case is about vehicle-to-home in the residential sector for self-
consumption.  
 
The use case was planned to be executed in the greater Munich area in Germany, 
with two residential single -family homes that already have pv power installed. The 
houses would have been equipped with a home -energy-management system, a 
grid-compliant wallbox, and a bidirectional vehicle from Sono Motors.  
 
The use-case is cancelled as Sono Motors is withdrawing from the SCALE project 
due to recent development in its business focus. The use case will be replaced by 
a similar  one in 2023.  
 

Description of the 
use case 

The user has access to control his local energy system including the vehicle -
charger combination via the Sono app or the vehicle's infotainment system. The 
home-energy-management system controls the charging and discharging of the 
ǝɠǝʥȈ́ ȅɈɰ˸ ƶƒʵǝǊ ɰɠ ˂țǝ ˗ʵǝʥ☺ʵ ʵǝ˂˂ȦɠȈʵ╕ µɠ ʛƒʥ˂Ȧǀ˗Ɉƒʥ┼ ˂țǝ ƶƒ˂˂ǝʥ́ Ȧʵ ǀțƒʥȈǝǊ
during the time of PV production and discharged during the night/evening hours.  
 
The EMS is designed to avoid feeding back into the public grid from the EV due to 
regulato ry and economic reasons. 
 

The goal of the use 
case 

This use case aims to tackle the challenge of integrating an AC bidirectional 
vehicle into residential home energy systems in a cost -efficient and user -friendly 
˸ƒ́╕ B́ ˂țȦʵ┼ ˂țǝ ˴ǝțȦǀɈǝ☺ʵ ƶƒ˂˂ǝʥ́ ǀƒɠ ƶǝ ˗ʵǝǊ ƒʵ ƒ ◘ɚɰƶȦɈǝ țɰɚǝ ʵ˂ɰʥƒȈǝ◙ ȅɰʥ
locally generated pv energy and inc rease the household's self -consumption  
 

Use case setup 

Control topology  

 
 
 
 
 
 



   

 

   

 

 

 

Visualization system architecture  

 

 
Facts and figures 

Charge point 

AC (bidirectional) - fully compliant to grid codes  
11 kW 
Sono Motors 



   

 

   

 

EV 

Sono Motors 
Sion 

PV system 

 
5-7 kW per home 

Local EMS device 

 
Enervalis EMS 

Stakeholders  

Site owner Private individuals  

End-user Private individuals  
 

Local energy 
optimization  

Enervalis 

DSO LEW Verteilnetz GmbH 

Timeline  
Specification of 
technical 
requirements  

01/06/2023 ▬ 31/01/2024 
 

Software 
development  

TBD 

Delivery of 
hardware  

TBD 

Commissioning TBD 

Validation  TBD 

Start use case 
execution  

TBD 

Energy Management Services 

Behind the meter optimization  

Increase self-
consumption of on-
site renewable 
energy 

Yes  

Goal of the energy management services  



   

 

   

 

 

1. Primary objective: Increase self -consumption & reduced fee -back to the 
public grid . 

 
2. Secondary objective: Reduce charging cost and thereby TCO. 

 
 

2.1.2. A2 Extension enabling participation in energy market (Munich) 

Introduction  
Use case lead Sono Motors GmbH 

Context of the use 
case 

The use case is about vehicle-to-grid in the residential sector with a focus on the 
DSO of beneficiary. 

  
The use case was planned to be executed in the greater Munich area in 
Germany, with two residential single -family homes that already have PV power 
installed. The houses would have been equipped with a home -energy-
management system, a grid -compliant wall bo x, a bidirectional vehicle from 
Ĩɰɠɰ Üɰ˂ɰʥʵ ƒɠǊ ȈʥȦǊ ɚɰɠȦ˂ɰʥȦɠȈ ƶɰ̀ ȅʥɰɚ ˂țǝ RĨî ˸țȦǀț Ȧʵ ǀƒɈɈǝǊ ◘}ɈƒȦʥ
ÜɰǊ˗Ɉǝ◙╕ 
 
The use-case is cancelled as Sono Motors is withdrawing from the SCALE project 
due to recent development in  its business focus. The use case will be replaced by 
a similar one in 2023. 
 

Description of the 
use case 

The increase in distributed energy systems with their volatile production imposes 
ǀțƒɈɈǝɠȈǝʵ ɰɠ ˂țǝ ǊȦʵ˂ʥȦƶ˗˂Ȧɰɠ ȈʥȦǊ╕ ĳțǝ ◘}ɈƒȦʥ ÜɰǊ˗Ɉǝ◙ ȅʥɰɚ ˂țǝ RĨO Lechwerke 
Verteilnetz GmbH (LVN) will be installed in the residential home. It measures grid 
parameters independently and, if necessary, provides set points to the charger 
requesting it to charge or discharge the vehicle to reduce the stress for the grid .  
 

The goal of the use 
case 

The overarching goal was to utilise the vehicle battery to actively reduce the 
stress for the distribution grid by not only stopping to charge but actively 
discharging when needed.  

Use case setup 

Control topology  

 

 
 



   

 

   

 

Visualization system architecture  

 

 
Facts and figures 

Charge point 

AC (bidirectional) - fully compliant to grid codes  
11 kW 
Sono Motors 

EV 

Sono Motors 
Sion 

PV system 

5-7 kW per home 

Local EMS device 

Enervalis EMS 

Other 

Flair Module from Lechwerke Verteilnetze GmbH. The device is capable of: 
- Measuring grid parameters  
- Recording and processing of measurement data by algorithm  
- Sending of setpoints to controllable loads and generators  



   

 

   

 

Stakeholders  
 

Site owner Private individuals  

End-user Private individuals  

Local energy 
optimization  

Enervalis 

DSO LEW Verteilnetz GmbH 

Timeline  
Specification of 
technical 
requirements  

01/06/2023 ▬  
Delayed because of discontinuation of Sono Motors participation.  

Software 
development  

tbd   

Delivery of hardware  tbd  

Commissioning tbd  

Validation  tbd  

Start use case 
execution  

tbd  

Energy Management Services 

Behind the meter optimization  

Increase self-
consumption of on -
site renewable 
energy 

Yes 

Congestion Management 

Short term 
congestion 
management (D-1) 

Yes 

Power Quality 
control  

Yes 

Goal of the energy management services  

 
1. Primary objective: Stabilisation of the distribution grid  
2. Secondary objective: Local optimisation  

 



   

 

   

 

2.2. Smart charging at businesses & offices 
This innovation cluster focusses around smart charging and V2X in the 

context of business and offices. For employees parked at their office, the 

charging time is typically not of key importance. What is important is that 

there is sufficient range when going home. This presents potential for 

smart charging and V2X services because of the central control of charging, 

long stationary time, and an already high uptake of EVs in company fleets. This potential includes 

reducing the costs through self-consumption and demand charge reduction, this increases the use of 

locally generated renewable energy and lowers the peak loads on the grid.  

 

2.2.1. B1 Grid-friendly, Vehicle 2 Building station-based car sharing service for 

commercial real estate tenant companies 

Introduction  

Use case lead  

Serviced Office Belbuda, DBH Group: Zsolt Puja 

Context of the 
use case 

The use case takes place in Hungary, in two locations, one in Budapest, one in 
Debrecen. Full electric car-sharing service, with a station -based car sharing business 
model, which would be unique to the serviced office market. The service is planned 
to be provided to tenants as part of the serviced office service package. The project 
would enable the roll -out to the Hungarian market, a s a first, a 100% electric, station -
based corporate car sharing service, which would focus on office and industrial park 
rental companies. The service will be offered to office rental companies, so that they 
will be able to offer to their own tenants an of fice location -based car sharing service, 
which they might use for business purposes for their employees there, or offer as 
employee benefit, and enhance employee satisfaction.  

 

Description of 
the use case 

2 office locations of DBH will be supplied with office -carsharing cars. Upgrading 
existing recharging points,  the pilot will connect electric vehicles (EVs), car -sharing 
model and building energy management to combat climate change in a unique way.   

The first objective of the pilot is to determine  the optimal business model for the 
proposed new commercial office car -sharing service in Europe, including clearly 
identify customer segments on the market, and therefore we could adjust the 
business model for their needs. The second objective of the stud y is to identify a 
scalable, yet efficient solution, how the GoodMoovs platform can be integrated with 
RB Ĩî☺ʵ ǀ˗ʵ˂ɰɚǝʥ ɚƒɠƒȈǝɚǝɠ˂ ʵɰȅ˂˸ƒʥǝ ƒɠǊ ƶ˗ʵȦɠǝʵʵ ʛʥɰǀǝʵʵǝʵ╕ ĳțǝ ˂țȦʥǊ
objective is to set up and experiment with the demand side load management smart 
charging feature, covering the integration between the vehicle, the recharging point, 
the building energy management system, and the grid operator, and prepare the 
blueprints for a suitable technical solution, which enables the use of the new service 
in a commercial office building environment and beyond. The fourth objective is that 
how the service can be exploited as a white -label, licensable product, and how can it 
be rolled out to the European market, considering differing technical (building, DSO) 
and business, regulatory environments.  

 



   

 

   

 

Planned model: 

 

The goal of the 
use case 

The project aims to introduce a fully electric car -sharing service, unique in the 
Hungarian market, linked to the office building rental business service, with a 
station -based car-sharing business model and a smart charging system, which would 
be offered to tenants as part of the serviced office offer. The project would focus 
primarily on office -based businesses, with the service being used by customers 
mainly for business purposes - protecting the environment and saving significant 
costs for the employer. We estimate that for a rental company, compared to 
alternative solutions, the solution offered could save up to 40% in costs and 60% in 
CO2 emissions, and could be offered as a benefit in kind to employees, increasing 
employee satisfaction.  

Thanks to the 'smart charging' system installed as part of the project, electric vehicles 
on the charger will consume power when the grid is 'low demand', avoiding 
overloading t he grid, including at night or during 'cost -effective' early morning hours.  

 

The use case aims to set up and experiment with the demand side load management 
smart charging feature, covering the integration between the vehicle, the recharging 
point, the bui lding energy management system, and the grid operator, and prepare 
the blueprints for a suitable technical solution, which enables the use of the new 
service in a commercial office building environment and beyond.  

  

Use case setup 

Control topology   



   

 

   

 

 

 

Visualization system architecture  

 

 

Facts and figures 

 

Charge point 
 

ETREL INCH AC 22 kW wall box 



   

 

   

 

EV 

 

1 # Opel Mokka Elegance ▬ already purchased  

2 # Nissan Leaf or Renault Zoe - planned  

Local EMS device 
Include: 

- Brand 

Other 
 

SMART CAR SHARING SYSTEM Provided by GoodMoovs 

Stakeholders  

Site owner Skanska 

DP Group 

 

End-user Customers of Serviced Office Belbuda (DBH) 

Fleet operator  DBH 

CPO Emobility Solutions (EMS) 

MSP Emobility Solutions (EMS) 

 

Local energy 
optimization  

SKANSKA  

DSO Eon AG 

Timeline  

Specification of 
technical 
requirements  

02/05/2023 - 31/08/2023   
if applicable: delayed because of + mitigation measure  

(Please adapt to actual situation, if necessary)  

Software 
development  

15/05/2023 ▬ 31/05/2023 
if applicable: delayed because of + mitigation measure  

(Please adapt to actual situation, if necessary)  

Delivery of 
hardware  

15/05/2023 ▬ 31/05/2023 
if applicable: delayed because of + mitigation measure  

(Please adapt to actual situation, if ne cessary) 

Commissioning 25/05/2023 ▬ 30/06/2023  
if applicable: delayed because of + mitigation measure  



   

 

   

 

 

  

(Please adapt to actual situation, if necessary)  

Validation  25/05/2023 ▬ 01/12/2023 
if applicable: delayed because of + mitigation measure  

(Please adapt to actual situation, if necessary)  

Start use case 
execution  

01/06/2023 ▬ 01/06/2025  
if applicable: delayed because of + mitigation measure  

(Please adapt to actual situation, if necessary)  

Gantt chart  

 

Energy Management Services 

Behind the meter optimization  

Reduce demand 
charges 

Yes  

Goal of the energy management services  

 

What is the goal of using these services, reduce cost of charging, increase used RE 
influx, increase peak power charging, etc.  

1. Primary objective  
Optimization of smart charging features in connection with car sharing operation  

2. Secondary objective  
ğǝǊ˗ǀȦɠȈ ƶ˗ȦɈǊȦɠȈ☺ʵ ǝɈǝǀ˂ʥȦǀƒɈ ʛɰ˸ǝʥ ǀƒʛƒǀȦ˂́ ƒɠǊ ʵƒ˴ȦɠȈ ɰʛǝʥƒ˂ȦɰɠƒɈ ǀɰʵ˂ʵ ˂țȦʵ ˸ƒ́╕ 


























































































































