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EXECUTIVE SUMMARY

This deliverable presents the commissioning and start-up activities carried out in Task 7.2 of the AHEAD
project EU Horizon Europe, focusing on the preparation of the Nordic demonstration sites at the DTU

Risg Campus for operational deployment.

Building upon the specifications, test cases, and system design defined in Task 7.1, Task 7.2 addresses
the practical realization of the demonstration environments. This includes the installation, integration,
and validation of both slow AC charging infrastructure and fast DC charging systems, together with
supporting assets such as battery energy storage systems (BESS), renewable generation, and

communication platforms.

The objective of Task 7.2 is to ensure that all components of the demonstration sites are fully
operational, interoperable, and ready for the execution of the defined use cases in subsequent tasks
(T7.3 and T7.4). Particular emphasis is placed on enabling coordinated operation of heterogeneous
charging technologies under constrained grid conditions, while ensuring reliable communication,

controllability, and data acquisition.

The demonstration sites are integrated within the DTU Risg SYSLAB infrastructure, allowing high-
resolution monitoring and control across all system components. The slow-charging demonstration
focuses on multi-brand AC charger aggregation and smart load management, while the fast-charging
demonstration explores high-power DC charging combined with energy storage and renewable

integration.

A central role in the system architecture is played by the Spirii platform, which provides the
communication and control interface between the charging infrastructure and the control framework.
Through this integration, both demonstrations enable real-time control, data collection, and system-

level coordination.

The deliverable documents the implemented system architecture, commissioning procedures, start-up
process, and operational readiness of both demonstration sites. It further describes the data acquisition
setup, visualization framework, and user accessibility, ensuring that all prerequisites for executing the

defined test cases are fulfilled.

Overall, Task 7.2 marks the transition from system design to real-world operation, establishing a fully
functional experimental platform for evaluating advanced EV charging control strategies,

interoperability, and flexibility services under realistic conditions.
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INTRODUCTION

In this section, we outline the objectives, methodology, and structure of this deliverable.

1.1. Background and Objectives

The objective of Task 7.2 is to operationalize the demonstration environments defined in Task
7.1 by carrying out the commissioning and start-up of both slow and fast charging

infrastructures at the DTU Risg Campus.

While Task 7.1 focused on defining use cases, test cases, system specifications, and key
performance indicators, Task 7.2 is concerned with the physical and digital realization of these
elements. This includes the installation and integration of EV charging infrastructure, energy
storage systems, renewable generation assets, and communication platforms, as well as the

validation of their coordinated operation.

A key objective is to ensure interoperability across multi-brand charging equipment and
seamless integration with the backend platform Spirii, enabling unified monitoring and control
of heterogeneous assets. In addition, the task establishes the data acquisition and processing

framework required for evaluating system performance and executing the defined test cases.

The outcome of Task 7.2 is a fully commissioned and operational demonstration platform,
capable of supporting advanced control strategies, flexibility provision, and experimental

validation under real-world constraints, thereby enabling the execution of Tasks 7.3 and 7.4.

1.2. Demonstration Overview - DTU Risg Campus

The DTU Risg Campus serves as the main Nordic demonstration site of the AHEAD project
EU Horizon Europe, where the infrastructure defined in Task 7.1 has been implemented,

integrated, and commissioned to support real-world experimental operation.

The demonstration environment consists of two complementary setups: a slow-charging AC
system focused on multi-brand aggregation and flexibility provision, and a fast-charging DC
system integrated with battery energy storage and renewable generation. Both systems are
deployed under constrained grid conditions and interconnected within the SYSLAB
( ) multi-energy platform, enabling

coordinated monitoring and control.

During Task 7.2, all hardware components-including AC chargers, DC fast chargers and
BESS, were installed and integrated into a unified system architecture. Communication

between devices and control framework is established through the Spirii platform, ensuring

D7.2 Constrution, Nordic Page 7 of 34
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reliable data exchange and remote controllability of the chargers while the battery is controlled

through the Kempower system.

The commissioning process included validation of electrical installation, verification of
communication interfaces, and testing of control capabilities across all assets. Following
commissioning, the start-up phase activated the system under operational conditions,

enabling user interaction, real-time control, and continuous data acquisition.

The resulting platform provides a fully operational testbed for evaluating advanced EV
charging strategies, including smart load management, renewable-priority charging, and

coordinated operation of heterogeneous resources.
1.3. Structure
The remainder of this deliverable is organized as follows:

Section 2 provides an overview of the test cases defined in Task 7.1 and introduces the overall

system architecture that enables their implementation within the demonstration environment.

Section 3 presents the slow-charging (AC) demonstration, focusing on the implemented

system, physical deployment, and realized system architecture.

Section 4 describes the fast-charging (DC) demonstration, including the deployed

infrastructure, physical layout, and integrated system architecture.

Section 5 outlines the user interface and accessibility, including user interaction via the Spirii

platform, authentication mechanisms, and session management functionalities.

Section 6 describes the data acquisition and storage framework, detailing the sources,

structure, and handling of operational data collected from the charging infrastructure.

Section 7 presents the visualization of EV charging and energy system signals, integrating
charging data with external inputs such as electricity price, CO, intensity, and grid-related

information for system-level analysis.

Section 8 concludes the deliverable and summarizes the readiness of the demonstration sites

for the execution of subsequent tasks.

Annexes provide supporting technical material, including system diagrams, detailed

specifications, and supplementary data.
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2. TEST CASE DEFINITION AND SYSTEM
ARCHITECTURE

2.1. Overview of Test Cases

The Test Cases developed in T7.1 are summarized in Table 1 and 2 below. Each test case
directly translates the conceptual and technological objectives of the AHEAD use cases, such
as demand response, cybersecurity, flexibility activation, renewable integration, and Al-based

grid support-into measurable experiments carried out at the demonstration sites.

Table 1 provides an overview of the test cases considered at the slow charging demonstration
at DTU Risg Campus. Additional details about use cases and objectives can be found in

Deliverable 7.1.

Table 1. Overview of test cases for the Nordic slow charging demonstration.

TC1 [Dynamic Enforcement of Site-Level Power Limits

TC2 |Responsiveness & Reliability

TC3 |User Acceptance During DR
TC4 |DR Strategy Impact
TC5 |Optimized Load Utilization

TC6 |Optimal vs Heuristic Energy menagment

TC7 |Cybersecurity Assessment
TC8 |Distributed vs Centralized
TC9 [PV/WIND Priority Charging

TC10 [Dynamic Pricing Impact

TC11 [Al-Informed Coordinated Charging

TC12 [Coordinated Flexibility Activation in VPP

TC13 |[Grid/Environmental Benefits

TC14 [Real-Time Flexibility Provision via CPO-Controlled EV Charging
TC15 | Al Grid Impact Prediction

Table 2 provides an overview of the test cases considered at the fast charging demonstration
at DTU Risg Campus. Additional details about use cases and objectives can be found in

Deliverable 7.1.

D7.2 Constrution, Nordic Page 9 of 34



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

AHeEAD

Table 2. Overview of test cases for the Nordic fast charging demonstration.

TC1 Flexibility Activation During Grid Peak Load
TC2 | Frequency Regulation with BESS

TC3 | Coordination Between DSO and TSO

TC4 | Cybersecurity assesment

TC5 | Smart Power Allocation Under Peak Load
TC6 | RES Curtailment Avoidance at High Production
TC7 | Dynamic Pricing Impact

TC8 | Real-time flexibility provision via CPO

TC9 | Emergency Grid Outage Management
TC10 | Optimal vs. Heuristic Energy Management
TC11 | Coordinated Flexibility Activation in VPP
TC12 | Grid/enviromental benefits
TC13 | Al grid impact predictions

2.2. Overall System Architecture

A multi-brand cluster of slow AC chargers communicates via OCPP 1.6J with the Spirii

backend for centralized control, as shown in Figure 1.
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Figure 1 Schematic of the Nordic demo sites.
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The charging infrastructure is integrated with DTU’s SYSLAB, where local RES (PV & wind)
signals and measurements are available so that charging can prioritize renewables and
respect a site power cap. In parallel, a fast-charging site integrates a KEMPOWER DC
charging system with a Pixii battery energy storage system (BESS) and local PV generation
to deliver up to 150 kW of charging under a limited 22 kW grid connection, demonstrating

hybrid operation, flexibility activation, and grid-supportive control.

Slow and fast chargers are connected to the Spirii backend. Additionally, the Kempower fast
chargers also have the Charge eye system control that can include some additional control

features as described in the following sessions.

To provide charger and circuit controls to external partners, Spirii has developed the “Test
Framework™!, which provides access to the DTU for controlling the chargers and circuits, as
well as for continuously collecting data. An overview of the system is displayed in Figure 2.

External partners can at the moment:
- Receive state information, including connector status and power reading
- Set power limit

- Set circuit (cluster) limits

Spirii
Hosted

External | Test Framework | Backend

API request

Set power limit
DLM

Receive state

information EVSE*1
- Connector status
Algorithm - Power reading e ™
[\Translation Iayer/]- EVSE*2

Figure 2. testing framework overview

"In collaboration with FLOW and e2flex R&D projects.
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3.SLOW CHARGING DEMONSTRATION

3.1. Implemented System Overview

The slow-charging installation has been implemented to evaluate coordinated charging
control, multi-brand charger interoperability, and the use of aggregated AC charging loads for
grid-flexibility applications. The setup is integrated into the DTU SYSLAB environment and

connected to the Spirii platform for control access and data acquisition.
The configuration includes:
o AC chargers distributed across three controllable clusters.
o 7 Amina chargers, 1 NexBlue charger, and 1 Zaptec Pro charger.
o Three 32A AC charging clusters for testing shared-capacity operation.

¢ Integration with the SYSLAB electrical environment, including local renewable-energy

resources and site loads.
The clusters are configured as follows:

e Cluster EVSE 13 - Mixed-brand cluster: 1 Amina charger, 1 Zaptec Pro charger and 1

NextBlue charger.
e Cluster EVSE 15 - Amina cluster: 3 Amina chargers.
e Cluster EVSE 16 - Amina cluster: 3 Amina chargers.

Through the Spirii backend, the chargers can be monitored and controlled under the available
cluster capacity. The implemented system enables the evaluation of current allocation,
charger responsiveness, communication latency, and coordinated charging performance
across homogeneous and mixed-brand charger configurations. Integration with SYSLAB
further enables the slow-charging installation to be investigated as a flexible electrical load in

relation to local renewable-energy generation and future grid-service applications.

3.2. Physical Layout and Deployment

The slow-charging demonstrator is physically installed in the parking area of the DTU
Risg/SYSLAB facility. The charging points are arranged in three clusters along the parking
spaces, with the associated electrical connections and communication infrastructure
integrated into the existing site installation. The figures below present the deployed chargers,

their position at the site, and the cluster arrangement used for the demonstration activities.

D7.2 Constrution, Nordic Page 12 of 34
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The installation comprises three 32 A charging clusters: EVSE 15 and EVSE 16, each
supplying three Amina chargers, and EVSE 13, supplying one Zaptec, one NexiBlue
(replacing the Fronius originally planned) and one Amina charger. The clusters are connected
to the local low-voltage system together with the site renewable-energy interfaces and energy-

metering infrastructure.

WP 7 - Nordic Europe demo: part 1 (slow chargers)

EVSE 11 (63A): EV4EU (16 A x12) (CEE plugs) - left side of the satellite view.

EVSE 12 (63A): AHEAD Fast charger (see next slide)

EVSE 13 (32 A): CLUSTER 3 - Amina x1x32A + Zaptec pro 1x32A + Fronius x 1x32A + mixed-brand fairness
& responsiveness

EVSE 14 (32A): CEE spare

EVSE 15 (32 A): CLUSTER 1 - Amina x 3x32A > baseline/control lane - distributed control (local charger
fallback logic) vs. centralized control (SPIRII backend)

EVSE 16 (32 A): CLUSTER 2 - Amina x 3x32A > cloud-latency impact under sharing

EVSE 17 (32 A): spare

EVSE 18 (32 A): SYSLAB charger

Control Charger controlled
with Spirii Framework
! [ Charsercontroted | l
Cluster Cluster | g : Cluster
1 internally :

EVSE 13 EVSE 15 [ N EVSE 16

Limit 32 A Virtual 32 A Limit32A | Virtual 32 A Limit 32 A Virtual 32 A
| b } } } | }

[ I | 1
1 1 !

Charger 14 | [ . ! Charger 11 Charger 12 Charger 13 Charger 17 Charger 18 Charger 15
R | Zaptecpro ! ! Fronius ! R i ) ) ) N
Amina | [l ! Amina Amina Amina Amina Amina Amina
Limit 16 A | Limit16A : : Limit32A | Limit 16 A Limit 16 A Limit 16 A Limit 16 A Limit 16 A Limit16 A

Figure 3. Cluster layout slow charging demonstration.

3.3. System Architecture

This architecture, displayed in Figure 4, provides the basis for evaluating coordinated charging

control and interoperability across homogeneous and mixed-brand charger configurations.

At the communication level, the chargers are integrated with the Spirii backend platform
through OCPP 1.6J-based communication. Spirii provides the interface for operational
monitoring, charging-session management and application of charging-current limits. For
Zaptec, the present implementation uses a cloud-mediated OCPP connection, while native

OCPP integration is planned for future operation.
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and local energy resources

1. Energy System Layer
Site electrical infrastructure Uiy Gad E[ ¢ j] EHE ==

LV Main Building 330
Switchboard (SYSLAB)

| —
2. Electrical Charging Layer EVSE 15 (Amina cluster) EVSE 16 (Amina cluster) EVSE 13 (Mixed-brand cluster)
AC distribution and 32A capacnt); (per cluster) 32A capacuz (per cluster) 32A capaciiy (per cluster)
charging clusters

a
i i i i i i i i
0 amina 0 omina Oamina  NextBlue (2 zaptec
\ b / - J

3. Communication Layer Amina & NextBlue Chargers \ S pi rii Zaptec Pro Chargers
OCPP communication OCPP 1.6

OCPP1.8) Today Future

Backend Platform Cloud-mediated Native OCPP 1.6J
ocep n\(-quhon (direct)

between chargersand | — ~— = 0o |e------ PR -
backend platform
Status, moter valoes, | ! @ I] o= Stats, moter voues, e
il = & .
Mokorng®  Seson Mot Vokes & Charging Contrl Dot Expart/ .

Oamina  NextBlue e | Meogurat O Qomtvwd AN contipesion

Figure 4. System architecture. Layer 2 and 3 have been specifically developed as part of the AHEAD
project.

Figure 5 shows the sequence diagram, illustrating the interaction between the DTU
framework, the SPIRII testing framework API, the SPIRII backend CSMS, and the charge point
(EVSE). First, the DTU framework authenticates with the SPIRIl API using a bearer token.
Then, it retrieves the current state and power measurements via OCPP. Based on the
measured power P;(k)in W, the local algorithm computes a current limit 1;*** (k)in A and sends
it to the SPIRIlI API using the set_limit request. SPIRII translates this request into OCPP
SetChargingProfile commands, which the EVSE enforces locally. The EVSE reports
measurements and status via MeterValues messages, which are passed back to the DTU
framework as updated output y(k + 1). Finally, the limit can be removed using the clear-limit

request, and the system continues operating with periodic telemetry updates.
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Figure 5. SPIRII-Specific Message-Driven Control Execution.
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4. FAST CHARGING DEMONSTRATION

4.1. Implemented System Overview

The fast-charging installation has been designed to showcase advanced power management,
battery-buffered operation and grid-support capabilities for high-power DC charging systems.
This setup simulates a realistic fast-charging hub scenario by integrating multiple energy
sources and implementing control strategies for peak shaving, load optimization and reduction

of grid congestion. Figure 6 provides the layout of the pilot.
The configuration includes:

- 150 kW DC KEMPOWER charger.

- 325 kWh BESS from PIXII.

- 43 kW grid connection.

- 30 kW of RES (wind and solar power) connection.
These components are coordinated through an EMS that dynamically allocates power
between the grid, the BESS, the RES and connected electric vehicles based on charging
demand, the state of charge and grid constraints. This enables continuous assessment of
system flexibility, control reliability and communication interoperability among the charger,

battery and backend systems.

Extensive monitoring at the DC link and grid interface provides high-resolution data for model
validation and algorithm tuning, while OCPP-based control ensures vendor-neutral

interoperability.

Gi
&
™ r 600 m cable . EV
@ _]_’( 43KW "I’ M
150 kW
Solar PV =
2
5x i g N =2
As & EV
_”_ BESS (325 kWh)
7l " Wind
8330 supply : i ’v‘
63A-EVSE 12 ) s 3
Objectives:

* Optimized BESS management
* RESintegration

Battery buffered fast charger

5 Pixii Battery cabinets 30 kW / 65 kWh * Flexibility services
Total : 150 kW / 325 kWh * User behavior and dynamic pricing
Fast charger C-station from Kempower 150 kW » VPP potential

Small grid capacity (43 kW —63A) to deliver fast
charging capacity (150 kW) 2 plugs with battery.

Figure 6. Cluster layout fast charging demonstration.
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The installation has been completed in September 2026. The fast charger and the 5 battery

packs are reported in Figure 6.

Figure 7. Fast charging demo site with the installation completed.

4.2. System Architecture

The demonstration was initially planned in three phases. The planned phases are revised
according to the implementations and studies that have been conducted during the first 2
years of the AHEAD project. Figure 8 provides the first version of the architecture: it requires
the local controller and modbus mapping to BESS and measurement devices for
measurements. The local controller monitors production of renewable energy sources, battery
SOC, EV charging demand and power exchange with the grid. The control logic implemented

in the local controller will control charge/discharge of the battery.
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Figure 8. EMS first phase architecture.

In the second phase, the local controller is expected to receive real-time/scheduled flexibility
commands from SYSLAB EMS. The local controller manages the connected resources based
on the flexibility received. In this phase, the local controller is connected to the cloud EMS

primarily for data archiving. Figure 9 shows the second phase of the architecture.

In the third phase, shown in Figure 10, the focus is on implementing SYSLAB EMS for data
gathering and high-level control logic, which is connected via MQTT to the local controller. In
this phase, decision-making about the controllable resources is based on optimising control
variables. The local controller manages the connected resources based on the control variable
values received from the SYSLAB EMS.
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5.USER INTERFACE AND ACCESSIBILITY

EV drivers can charge at the DTU Campus chargers using the Spirii Go charging app; major

information is provided in the app screenshots in Figure 11. In the first figure, we can see the
location, the number of available chargers (4 out of 7 when the picture was taken), the
expected charging power of 11-22 kW and the cost of charging, which in the figure equals
“Free of charge”. Upon clicking on the “Charge here”, the user enters the second screen where
we can see details of the available (as well as charging) chargers, and by clicking on the
charger he wants to select, he is moved to the third screen where it is possible to start charging

and select the payment method.

G34.204 , % 14.209 ol T4

&

/s ated by V X
Q Search ( \Y4
DTu 3 DTU Ahead WP7
Frederiksboravei 399 4000 Roskilde i *
¥y Favorites  (J Available 4, Fast 4% Ultra fast G ! 2 DTUAmina_11+1
& 4/7 Available  11-22 kW cType2 - 22 kW
5
fvo Operated by
5 © PA¢ ® DTU AHEAD WP7
£ 42 km Favorite Info
Price 0,00 kr.
Select connector 8 Q
an
DTUAmIna_11*1
Free of charge
®
DTUAmina_12*1
cType2 - 11 kW
it e © 42kn ) Free of charge
DTU Ahead WP7
Frederiksborgvej 399, 4000 Roskilde
4/7 Available  11-22 kW DTUAmIna_14+1
ging
Always open Free of charge T

Charge here < Add payment method >

i DTUAmIna_18+1

Figure 11. Spirii Go app AHEAD DTU chargers.

From the management side of the chargers, DTU is currently the Charging Point Operator
(CPO) installed at the Campus. Through the Spirii platform “Connect,” whose main page is
shown in Figure 12, DTU has access to various online data on the chargers. These include
the following product features?: Connector status, dynamic load management, flexible and
dynamic pricing, location management, set rules and activation times for chargers, autocharge

and Plug&Charge, charge key management, customer management and onboarding,
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customizable fees, export data (generate CSV with historical data), insights dashboard,

remote management, service notifications, vouchers and user groups.
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iii Connect 0 v
2 88 Dashboard insights Yostorday 15 Ao - SMay 2024 W °
B
v & Transaction revenue ® © Co2 saved (kg) @ @ o
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® o 0o
g . 0 0
= £o Live charger status Taastrup o o 1
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Figure 12. Spirii Connect 3
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6. DATA ACQUISITION AND STORAGE

The EV Charger Power Dashboard is a real-time web application that monitors the EV

charging infrastructure at the Risg DTU campus. It provides operators with a live overview of
charger power and status, phase-level measurements, and a 4-hour forecast of electricity spot
prices and grid CO2 emissions. The dashboard is accessible via a web interface at

(additional details of the web interface are provided in the next

section).

The system is implemented as two independent processes running on a server located in the
demilitarized zone (DMZ): a data pipeline, which stores measurements in EnergyData.dk, and
a dashboard application, which retrieves these data and renders the visualizations in a web

browser. An overview of the system architecture is provided in Figure 13.

—, Data storage Dashboard

Control Charger Status
—— \Visualization Limite
Power per charger Statusc
Powere Eecharged.c
— i
Infoc
Chargers Syslab Phase Power per EVSE Forecast
Cluster
CDSfE(gcn'ztry

Powerppazs

PowerRefppase €0,

Powerpnase

Limitc

Echargea.c

Spirii Framework — EnergyData B | Server DMZ EVBE StartTime,
Powerg Infoe
Statusg PowerRef praze
Powerg Power measured at each charger
CoStriectricey Electricity cost day ahead
i ) COStgipcricry o, CO2 emissions day ahead
energidataservice.dk
Limite Limit charger (A)
Status, State of the charger (available, charging,...)
Echarged.c Total energy charged based on Power,
StartTimeg Starting time of the session
Energinet.dk co. Infoc Information about the charger (in test, out of service. )
2
Powerpnase Per-phase power per EVSE cluster
PowerRefphase Per-phase power reference per EVSE cluster

Figure 13. Overview of the EV charging system architecture. Data flows (green), control signals
(orange), and visualization paths (blue) are shown, with key variables indicated along each
connection.

EnergyData.dk acts as the central data repository, aggregating heterogeneous data streams

into a unified storage platform. Four primary sources feed into this database:

e The Spirii Framework provides charger-level operational data, including the active

power P.(kW) and the charger status Status,, recorded with a sampling interval of 5 s.
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e The DTU Risg Syslab system supplies phase-resolved power measurements, denoted
P4 (kW), at the EVSE cluster level, with a temporal resolution of 1 second.

» Day-ahead electricity spot prices, denoted Costejectriciy(PKK/MWh), are obtained from
Energidataservice and updated daily at 16:00 with a 15-minute resolution.

e Grid CO, emissions, denoted C0,(g/kWh), are provided by Energinet and updated

daily at 16:00 with an hourly resolution.

The following variables are computed at runtime by the server from the data stored in Energy-
Data.dk:

*  limitc: Charging current limit per connector c(A), currently set to 16 A in the dashboard,
but configurable within the control logic.
Echarged,c: Energy delivered during the current charging session of charger c(kWh),

computed by integrating the active power signal over time when Status. = Charging:

N
Echarged,c = Z P At;
i=1

where P ;is the measured active power of charger cat sample i, expressed in kW, and At;is
the time interval between two consecutive samples, expressed in hours:

ti—ti—1

At; =1
= 3600

Therefore, since power is expressed in kW and time is expressed in hours, the resulting
energy is obtained in kWh.

e StartTime,: Timestamp corresponding to the latest transition of the charger status
from “Available” to “Charging”.

* P4 Per-phase reference power (kW), computed from the phase voltage and the
current limit as:

_ himicVg
Preto =000

For a current limit of 32 A and a phase voltage of 230V, this gives:

32-230
PI"Ef,(P = W = 7.36 kW
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* Info.: Additional information about the charger, indicating its operational condition, for

example under test or out of service.

7.VISUALIZATION OF EV CHARGING AND ENERGY
SYSTEM SIGNALS

Visualization of EV charging demo in Risg, is structured into four panels arranged in a 2 x 2

grid, providing a comprehensive overview of the EV charging system, shown in Figure 14.

EV Charger Power Dashboard

Power per Charger Charger Status

Charger Charger 1D Limit (A) Status Session Start Energy Charged (kih)  Info Charger
12 DTU
Amina

11 16 Charging 2026-06-84 09:01:37 21.91

11
oL 12 16 Finishing 2026-06-04 97:21:38 7.68 -
Amin:

13 16 Charging 2026-06-04 10:57:11 0.98

Power (kW

Time

Phase Power per EVSE Cluster Forecast

| Forecast
- Price

Normalized Max-Min
Forecast Signal (0-1)

Phase Power (kW)

09:30 09:45 10:00 10:15 10:30 10:45 11:00 11:15
lun 4, 2026 Time

Time Spot Price: 0.05-0.08 DKK/kWh (0.01-0.01 EUR/kWh) | CO:: 90-100 g/lkWh

Figure 14. EV charger power dashboard interface showing real-time charger power, charger status
indicators, aggregated phase power at the EVSE cluster level, and short-term forecasts of electricity
price and CO2 emissions.

Two header controls apply to all panels simultaneously:

* EVSE cluster selector: switches between clusters 13, 15, and 16, updating all panels
accordingly. It can be preselected using the URL parameter ?evse=<id>.
* Time window: defines the look-back period for the live plots, namely 1 min, 5 min, 30

min, 1 h, 2 h, or 4 h, configurable via the URL parameter ?window=<minutes>.

The three real-time panels, namely power, status, and phase power, are refreshed every 5

seconds, while the forecast panel is updated every minute.
7.1 Power per Charger (top left)

This panel displays the time series of active power P.(kW) for each charger in the selected

EVSE cluster. The power is set to zero when the charger is not in the charging state.

7.2 Charger Status (top right)
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This panel provides a tabular overview of the current operational state of each charger,
including charger ID, current limit, status, session start time, delivered energy, and additional

information.
7.3 Phase Power per EVSE Cluster (bottom left)

This panel shows the aggregated power (kW) across phases A, B, and C for the selected
EVSE cluster. A reference line at 7.36 kW indicates the maximum power per phase

corresponding to a 32 A limit.
7.4 Forecast (bottom right)

This panel presents a normalized overlay of electricity price and CO, emissions over a 4-hour

horizon, enabling identification of cost-efficient and low-carbon charging periods.

The display window is aligned with the temporal resolution of the data by starting at the most
recent 15-minute boundary prior to the current time and extending over a forward horizon of

4 hours.

Since the two signals have different units and magnitudes, each is independently normalized
to the interval [0, 1]:

x — min(x)

x= max(x) — min(x)

If a signal is constant over the considered window, i.e., max(x) = min(x), the normalized value

is set to 0.5.

Summary statistics displayed below the plot report the range of electricity prices in DKK/kWh
and EUR/kWh, using a conversion rate of 7.46038 DKK/EUR, as well as the range of CO,

emissions in g/kWh.
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8. CONCLUSION

This deliverable has presented the commissioning and start-up activities of the Nordic

demonstration sites developed within Task 7.2 of the AHEAD project. Building upon the design
specifications and test-case definitions of Task 7.1, the work reported here marks the
successful transition from conceptual system design to the realization of a fully operational

experimental platform at the DTU Risg Campus.

Both the slow AC charging and fast DC charging demonstrations have been implemented,
integrated, and validated within a unified system architecture that combines EV charging
infrastructure, renewable energy sources, battery energy storage systems, and advanced
communication platforms. The slow-charging demonstrator provides a flexible test
environment for investigating aggregated EV charging loads, multi-brand interoperability, and
smart charging strategies, including demand response, dynamic pricing, and Al-based
coordination. In parallel, the fast-charging demonstrator showcases high-power charging
supported by battery buffering and renewable integration, enabling advanced use cases such

as peak shaving, grid support, and flexibility provision even under limited grid capacity.

A key achievement of Task 7.2 is the establishment of a robust data acquisition and monitoring
framework, capable of collecting high-resolution operational data across all system
components. Combined with the developed visualization tools and user interfaces, this
enables real-time system supervision, detailed performance analysis, and seamless user

interaction.

Overall, the commissioning process has verified the correct installation, communication, and
controllability of all assets, while the start-up phase has demonstrated stable and continuous

operation of the system under real-world conditions.

In conclusion, Task 7.2 has successfully delivered a comprehensive and operational
demonstration infrastructure that meets the requirements for the execution of the defined test
cases. The established platform provides a solid foundation for the next phases of the project
(Tasks 7.3 and 7.4), where advanced control strategies, Al-based methods, and flexibility
services will be experimentally validated. More precisely, in T7.3 the fast charger solution will
be tested along Use uses cases in table 2. Whereas in T7.4 the tests with the slow chargers

will be conducted, developing the use cases in Table 1.
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9. ANNEX

9.1. Supporting Technical Documentation

AMINA Charger

Technical
specifications

General Dimensions: 264mm x 112mm x 89mm
Operating temperature: -30°C to +40°C
Weight 1,0 kg w/o cable
2,5 kg w/ 6m 3-phase 20A cable
3,5 kg w/ 6m 3-phase 32A cable
Power grid TN,ITand TT

and voltages

230V/400V AC 3-phase w/ Neutral
230V AC 1-phase

Charging
Cable

Fixed cable included (replaceable)
Type 2 plug (EN 62196)
6m 3-phase 20A/32A

Charging power
20A variant

3-phase output: 3,7 - 13,8 kW
1-phase output: 1,4 — 4,6 kW

Charging power
32A variant

Energy-meter

Communications
interface

3-phase output: 3,7 — 22,0 kW
1-phase output: 1,4 — 7,4 kW

1o0r 3-phase
+2 % accuracy

Bluetooth LE, and Zigbee
4G - LTE Cat1bis

WiFi - 2.4 GHz & 5 GHz - |EEE 802.11a/b/g/n/ac/ax

RFID / NFC - ISO/IEC 14443 A/B

Frequency utilization

13.56 MHz: < 42dBuA/m

2400 - 2483,5 MHz: <20dBm

5150 - 5350 MHz: <18dBm

5470 - 5725 MHz: <18dBm

LTE bands B1/3/7/8/20/28: Class 3

OCPP Local OCPP 1.6j with enhanced security
Hardware ready for OCPP 2.01
Security features Hardware Security and cryptography module
TLS13
Degree of Resistant to impact, dust, water
protection IP54: indoor and outdoor use
1KO8: impact protection
UV-resistant
Electrical Protection class |
protection Overvoltage category IIl (4 kV)
Integrated RCD RDC-DD (6mA DC)
Installation Circuit breaker (max 40A)
RCD (max 30mA AC)
4 —16mm cable diameter
Single core or stranded wires
1,5 — 6mm? w/ ferrules
1,5 — 10mm? w/o ferrules
Regulations and RED 2014/53/EU
standards ©® RoHS 2011/65/EU

@ The full text of the EU Declaration of Conformity (DoC)
is available at download.aminacharging.com
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Fronius Charger

Technical data

wimuwm aharging

Input data

Wattpilot 2

GnllJED

CEE1E
30 cm incl. neutral
conduchor
CEE32 (red) [
CEE-Cara 16 A
[camping plug
Eilue) §
safety plug
164

Go 22 J 2. Home 11 J 2.0

ha mmm

736 22 268 11 7.26 22
TTFTH FIT

CEE32 5-pin cabla B-pin cable

30 em incl. neutral 180 em incl. 1B0 am incl.

conductor neutral conductar nautral conductor

CEEL1E Lread) /
CEE-Cara 16A
(camping plug
blue) £
safet 'y plug

18 A

2307250  LDOV4LE 230724 400/615  2F07240 4DOS4LE 230724 400051

E-16 A B-32 A E-16 A B-32 A
1-phase or Z-phase l-phase or 3-phase 1-phase or Z-phase  1-phase or 3-phasse
50 &0 50 50

Infrastructure-side Type 2 socket with mechanical locking
20 md AT, 6 ma DC integrated in device

timization ¥

General data

Minimum 2.5

Dynamic PV
surplus charging
with
1.ZB-11 kW (at
2000 WV, auto-
matic 1-/3-phasea
switching)
Mode 2 ag per [EC
B1B51-1
AC charging

IP B85
EM IEC B1BZ14
EHW 62752
EM 627186

Minirmum B Minimum 2.5 Minirmum &
Dynamic PV el pl":l Dynamic PV
i . surplus charging i -

surplus charging with surplus charging

with 1.38—-22 kW
(ot ZF30VE0D V)

[autematic 1-/3-
phase switching)

with 1.38—-22 k'W
(at 23000 W)
[autamatic 1-/3-
phase switching)

1.ZE—-11 kW (at
2I0/E00 W, auto-
matic 1-/3-phasa
switching)
Mode 2 as per IEC Mode I ag per [EC Mode 3 as per IEC
B1E51-1 B1B51-1 B1851-1
AC charging AC charging AC charging
WLAN 80211 bfgin

RFID
OCPP 186 J
Integrated (unlimited number of charging stations)

Indoors and outdoors
Suspended upright
IP E5 IP 65 IF E5
EM IEC 18511

287 » 155 = 108
1.8 18 2,3
max. 5 max. 35 max. 35
-25 to +50 (without direct sunlight)
5 -85 B - B5 5 - 05
0 - 2000 0 - 2000 0 - 2000
IKOB IKD8 IK08
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Zaptec charger

Technical Specifications - ZAPTEC Pro

ZAPTEC Pro i an ollersoling osmant woll or cokesn-mounied chorging shoflios
in occosdoncs with IEC AIEB51- 1, EVSE mode 3

Dimensions ond weight
H: 392 pem W 258 mim D: N2 mm
Waight apprex. 5 kg lincleding bockploie)

Instollotion cirouit
Mo A34 seriol fuse on instollsfios circuil
for chorging sholices

Badiplote conmection bos
Coble cross seclion 2 5= 10 mm*
Coble diamater 10-20mm’

Installotion netwark, Yoboges
TH, ITand TT

230VAC £ 10%

A00WAC £10%

Maox. corrent ond chorging cutput

F34KW" ot 324 | -phose

IHW® o T2 L-phase [apploobls bs TH neiworks aedy)
S al standky

See the charging
consumphion in the
administration system
or the app

Fuses
Buill-in 3 w S0 fuses typs C

Charging point
EC A2194-2 Typa 2 Famole with istagroted sel-closing covar

Eorth foult protection
Buill-in typa B RCD

Colibrabion omd o self-ad are corried oul befors tha sian of every chorging
cyche. BCD con ba ovlomabically resel by discormscting friom e charging
oo

Integrofed Power Meter
BAID basted o colibrated (EM. S0470).

Internet connection

Thedi ]
Thas frant cover of the ZAPFTEC Pro com anly be cpened wming a speciol leal
Tha chorging coble can be |locked permorssty to the deangieg skalian.

Levesdl baalanecineg
Togathar with cther ZAPTEC Pro changing skalions, creailable poess in e
instollotion will ba diskibeted aulomoScolly batween the devices ond phasaes.

Phaose baloncing

Tha chorging shaticn will dynomically select any single phasa or 3-phase in o
syslam with other ZAFTEC Pra chonging slotions, depesding oa the ool abla
[T

AG LTE-M | | sibscriphon nogensd]
‘WA 24 GiHr, EEE BO2.T0 by'g/n choneats 1-11]
Powarios [PLC) — HomaPlug Grsn PHYE, 10 Mbas

ldeniifizotion and configuration
Blestooth Lere Enaagy [BLE 4.1]

BFIDMFC reader - Mifare Cloic, Typa A
PLC for wohiche interfoce for fulkes sorvioes os defined by 15015118

Standards and opprovals

CE complionca in accordance with the Rodio Equipment Direcive

20014 /53 /EU and BOHS Disaciivae 3011 /45 EU, and complioncs wilk IEC
S1851.1 (TUV S0D) and IEC &1851-22

Temperofure ronge
=30°C e +50°C

£ ZAFTEC Chorgar A5 05 2020 Al rghts reseresd

4G LTE-M

Simple identifica-
tien with charging
card

Lock the charging cable
to the charging station

Degres of profedion

P54, indoar and ouidoor use
1K 10 impact protaction

UL%4 5V flom mobility rasing
LY rasiadsinl

Eedrical prohecion
Projecion closs || (48 A and
k¥ imgpulsa, insubatian|
Ovarvolimge calegary Bl | £kY)

Integrotion services

Third-porty inlegrakon clemalvas
(AP, Wakkaooks)

QO 1.4

Mk pye welhscoviplion

* 324 is ovaiohle bet moy be msinicked by the condition of e wehide's
btary and emperoiine increases of the deanging skalion.

Self-closing cover

zaptec.com
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KEMPOWER

kempower.com

& KEMPOWER

Product code interpretation

C801+P160+NC-5-C+5-D2-C0 Kempower Station Charger CB00 single cabinet » 200 kW charging
power = 1 x CCS52 vehicle connector » charging cable length 5 m =
nominal charging cable current 200 A » standard user interface »
up to 2 dynamic outputs = unbranded

term Code Description

Product type cBm Kempower Station Charger CB00 single cabinet

CB02 Kempower Station Charger CE00 double cabiret
Charging power* P50 200 kW (4 modules)
F320 A00 kW (8 modulas)
N ‘When in front of the vehicle connector type, indicates that there is only
one connactor

Vehicle connector type C CcCs2

cc 2XCCs2

CCA 2XCCS25& Type 2 AC

CD CCS52 & CHAdeMO

CDA CCS2 & CHAdeMO & Type 2 AC

Charging cable langth

5m

im

Hominal charging cabla
currant

125 A (CHAdEMO)
200 A (CCs2)

300 A/500 A** (Cos2)
Standard user intarface

g
7
2]
c
o 250 A (CCs2)
E

Usar interface and 5

L]

P

payment Payter Apolla: Contactless payment with online PIN entry and verification
Paytar PEE: Only contactiess payments, no strong customer
authentication (SCA) possibility

Power distribution Dz Up to 2 dynamic outputs

modules

Branding options co Unbranded: roof and base in black color, no stickers

cn Branded: number {n} indicates branding, e.g. C8

- Srandard operation. Sae Power parformoncs bobe for defois.

*s  With 300 A charging cables
G0 A (. 10 min) in +25 C Requires at least 5 oulput terminols ond o specific hardwone configuration
376 A continuous in +35 'C. Redquines of keast 2 sutput lerminais and o specific handware configurolion.
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