
Closing Event

Hubs for Urban Mobility and renewable Energy

14 November 2024 @ Tour & Taxis (Brussels)



Agenda

✓ 13u00-13u05: Welcome (VITO / EnergyVille – CarloMol –Moderator): For more information on HUME project contact carlo.mol@vito.be

✓ 13h05-13h15: HUMEwithin the FLUX50 activities on collective energy solutions and flexibility (FLUX50 –Patrick Devos)

✓ 13u15-13u25: HUMEmeasurement sites: challenges/opportunities (VITO - Wim Cardinaels)

✓ 13u25-13u35: Charging ahead: Insights into EV driver behaviour and preferences (VITO - Guillermo Borragán)

✓ 13u35-13u55: Using smart charging to optimize parking and building energy flows (KULeuven - Klaas Thoelen & VITO - Jef Verbeeck)

✓ 13u50-14u10: Looking deeper into the charging hardware: electrical systems and operating efficiencies (KULeuven - Johan Driesen)

✓ 14u10-14u40: New insights in service and business models for EV charging (Blink Charging – Thais Lopez & MOVE – Jasmien Vanvooren)

✓ 15h30-15h50: HUME integrated architecture (VITO - Dominic Ectors)

✓ 15h50-16h30: An overview of the HUME demonstration sites

✓ Tour & Taxis (Brussels) (Nextensa – Tim Van Dorpe)

✓ EnergyVille1 (Genk) (VITO – Dominic Ectors)

✓ Multiobus (Tienen) (Multiobus – Peter Vicca)

✓ 16h30-17h00: What is the impact of “EV Fire Safety” aspects on your parking and building (VITO – CarloMol)

✓ Practical hands-on experiences will be shared by bus depot owner Multiobus and parking owner Nextensa.

✓ 17h00-17h30: Q&A (KULeuven – Prof. Johan Driesen)

✓ Questions can be sent in during the event via a QR-code and will be handled in the Q&A sessionmoderated by Prof. Johan Driesen (KULeuven)

✓ Presentations will be shared to all participants after the event

mailto:carlo.mol@vito.be


HUME: Hubs for Urban Mobility and renewable Energy

• ICON project (Interdisciplinair Coöperatief Onderzoek)

• Project duration: 01/09/2021 until 30/11/2024 (39 months)

• Project coordinator: Blue Corner (now Blink Charging Belgium)

• Project partners & Workpackages:



Q&A Session

Moderator Prof. Johan Driesen – KULeuven / EnergyVille
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✓ 16h30-17h00: What is the impact of “EV Fire Safety” aspects on your parking and building (VITO – CarloMol)

✓ Practical hands-on experiences will be shared by bus depot owner Multiobus and parking owner Nextensa.

✓ 17h00-17h30: Q&A (KULeuven – Prof. Johan Driesen)
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✓ Presentations will be shared to all participants after the event



HUME Closing Event

HUME within the Flux50 activities on collective
energy solutions and flexibility

Patrick Devos

14/11/2024



Flux50 strategy 2030

‘Clean energy’ as  driver of economic development

Accelerate the energy transition for Flemish companies.

Climate neutrality with maximum amount of Renewable Energy 

Sources

Flanders as ‘Smart Energy Region’.

Neutral, strong connecting and accelerating role for Flux50 



Impact of cluster organization Flux50

Increasing competitiveness and resilience of companies 

Strategic

• Promoting competitiveness and economic growth

• Catalyst in the innovation ecosystem, at the interfaces of the 

quadruple helix

• Serving the public interest

Operational

• Forum for discussion on specific challenges faced by 

companies

• Connecting various stakeholders, companies, sectors, clusters

Facilitator

• Promoting knowledge development, knowledge sharing and 

knowledge retention

Energy ecosystem in 
Flanders

INSPIRE 
Knowledge of 

technology 
and the 
market

CONNECT

Ecosystem

Cooperation

Events

ACCELERATE

Innovation

Positioning

Stage



5 INNOVATOR ZONES

Energy HarborsEnergy Cloud Platforms Intelligent Renovation

Micro-GridsMulti-energy solutions at 
district level



Flux50 focus groups

Renovation of buildings 
for Energy Efficiency.
Installation RES
Collective approach

Replicable
Renovation

Heatpumps
Thermal networks

Sustainable 
Thermal Energy

Maximal local use of local 
Renewable Energy Sources 
(RES)
E-mobility
Flexibility by Storage,
Peak shaving and
Price signals/dynamic pricing

Energy Communities (EC) 
Positive Energy Districts 

(PED)

Large scale Storage (electrical
and thermal)
Flexibility
Power to X
Import of molecules

Large-scale Energy 
Storage Security of supply





Flux50 focus groups

Renovation of buildings 
for Energy Efficiency.
Installation RES
Collective approach

Replicable
Renovation

Heatpumps
Thermal networks

Sustainable 
Thermal Energy

Maximal local use of  
Renewable Energy Sources 
(RES)
Collective heating/cooling
Collective E-mobility – Smart 
Charging
Flexibility by Storage,
Peak shaving and
Price signals/dynamic pricing

Collective Energy solutions
and flexibility

Large scale Storage (electrical
and thermal)
Flexibility
Power to X
Import of molecules

Large-scale Energy 
Storage Security of supply



Innovation becomes a success story: FOCUS | ROADMAPS | CO-CREATION

Inspirere – Connect - Accelerate

Sustainable

Thermal energy

Integral

REnovation

Approach

(IRENA)

Collective Energy 

Solutions and

Flexibility

System Integration 

and

Large-scale energy 



MEMORANDUM 2024: Energy transition, a higher acceleration.

The General Logic: 
• first focus on energy efficiency and circularity
• extensive electrification based on renewable energy sources
• promoting renewable and low-carbon fuels, including 
hydrogen, in sectors that are difficult to electrify or decarbonize.

1.SYSTEM INTEGRATION

Holistic Energy Transition Atrium – HET Atrium

2.RENOVATION

Towards a large-scale breakthrough of an integrated renovation approach

3.ENERGY COMMUNITIES AND ENERGY POSITIVE DISTRICTS

Maximum inclusivity with collective and system solutions in energy communities and districts



Value Chain for Flexibility (explicit): Collective Energy Solutions

Flexibility 

Request

Parties

Service 

Providers

Markets for Retail – Balancing – Congestion – auxiliary services

Collective Energy Solutions

Collective renovation

Collective storage

• District battery

Charging plazas

Heating networks

apartment buildings

FSP - BSP TSO – DSO - BRP

Manufacturers - Installers          ICT – consultancy - Platforms



C.E.S. USE CASE Charging Plaza

V2G?

DSO-network
MV or LV

Direct line or carport

EMS smart charging

EMS provider

CPO

Implicit Flexibility: Selfconsumption – Peakmanagement – Dynamic pricing



C.E.S.USE CASE APARTEMENT BUILDING – SMARTCHARGING PLAZA 

DSO-netxork

MV or LV

General 

Services

On the roof and/or carport

EMS GS + Smart Charging

EMS provider

Implicit Flexibility: 

Selfconsumption

Peakmanagement  

Dynamic pricing



Flexibility value Chain: MATURITY

Flex provider

Hardware

IoT

EMS

EMS-
Providers/ 

operators

Flexibility 

Service 

Providers

Platforms

FRP

Platforms
TSO-DSO-BRP

Retail

Balancing

Congestion

Aux. Services



Let’s stay in touch

Patrick Devos

patrick.devos@flux50.com

Tel +32 475 44 99 49

Koningsstraat 146

B-1000 Brussel

info@flux50.com

mailto:info@flux50.com
https://flux50.com/about/
https://www.linkedin.com/company/flux50
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WP1 - Measurement Sites
Challenges and Opportunities 

Wim.Cardinaels@vito.be 14-11-2024 Hume closing event

mailto:Wim.Cardinaels@vito.be


Timeframe

2021

2022

2023

2024

Hume 
WP1



User Needs – Theoretical Calculations

• Company cars drive on average 28 000km / year (2017)
• Suppose 3 000km during holidays + 50 weeks of 500km

• Since COVID increase in home-based work

• Charging mainly at the office => kWh/charging session
• 12..25 kWh/100km: summer  winter

• Charging sessions per week
• 1*60kWh = 300..400km

• 2*40kWh = 400..500km

• Average Power
• 3,7kW * 8h = 30kWh

days in the office 5 4 3 2 1  

500 km/week 100 125 167 250 500 (km/day) 

15kwh /100km 15 19 25 38 75 (kWh/session) 

25kWh/100km 25 31 42 63 125 (kWh/session) 

       
300 km/week   100 150 300 (km/day) 

15kwh /100km 0 0 15 23 45 (kWh/session) 

25kWh/100km 0 0 25 38 75 (kWh/session) 

 



Small Office Challenge

Grid Connection

• Low Voltage Grid Connection: 125A/400V = 85kVA

• 50% for computer, network, light, coffee, HVAC (gas boiler), …

• 63A for charging equipment!
• How many cars and charging stations can be served?

Challenges

• 1 phase  3 phase?

• PV reliable?

• Battery?



Smart Charging Load Balancing

Load Balancing (embedded)
• Divide available power
• No idea of user needs

• Departure time
• Energy need
• 20% less energy supply

20% less turnover
some customers not satisfied

Smart Charging
• Respect user constraints
• Minimize energy cost



Measurement Sites - Input

Input for scenarios, data, analytics

• Constraints

• Users

• Opportunities

• Optimization objectives

Diverse context

Office CityRetail Mixed



Measurement Sites - Overview

Office

City

Retail

Mixed

Operational hours Flexibility potential Grid constraints
kVA / parking spaces

Locations

Work days
8:00 – 18:00

Average parking time
> 8 hours

40/10=4 =>  32kWh
400/100=4 => 32kWh
300/300=1 =>   8kWh

• Thor Park, Genk
• EnergyVille, Genk
• Motstraat, Mechelen
• Octa+,  Vilvoorde

All days (Sunday?)
9:00 – 19:00

Average parking time Multiple grid connections 
250+6*170+110
280 parking spaces
= +/- 5

• Brixton, Zaventem

All days
Day & Night

From several hours 
till several days

630/123=5 • Moorkensplein, 
Antwerpen

All days
Day & Night

Several hours 250/650=0,4 ! • Tour & Taxis Brussel
• Multiobus Tienen



Analytics 2021/2022

Charged Energy ifo Parking Time and Average Power



Analytics 2021/2022

Before

After



Analytics 2021/2022

Peak Power Profile Energy Available for Charging

1000 kWh 

• 50 cars 20kWh

• 30 cars 33kWh

• 20 cars 50kWh

Impact of HVAC cooling systems
on power profile



More details will follow
in the upcoming presentations
Charging ahead: Inzichten in het gedrag en de voorkeuren van EV-bestuurders

(VITO - Guillermo Borragán)

Nieuwe inzichten in service- en bedrijfsmodellen voor EV-laden
(Blink Charging – Thais Lopez & MOVE – Jasmien Vanvooren)

Tour & Taxis (Brussel)
(Nextensa – Tim Van Dorpe)

EnergyVille1 (Genk)
(VITO – Dominic Ectors)

Multiobus (Tienen)
(Multiobus – Peter Vicca)



Thank you

Wim Cardinaels, VITO/EnergyVille



Q&A Session

Moderator Prof. Johan Driesen – KULeuven / EnergyVille
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✓ 13u25-13u35: Charging ahead: Insights into EV driver behaviour and preferences (VITO - Guillermo Borragán)

✓ 13u35-13u55: Using smart charging to optimize parking and building energy flows (KULeuven - Klaas Thoelen & VITO - Jef Verbeeck)
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Charging ahead: Insights into EV 
driver behaviour and preferences

14 November 2024

Guillermo Borragán, VITO/EnergyVille (POLARIS)



WHAT DOES THIS PICTURE MAKE YOU THINK OF?

ENERGY TRANSITION

CHALLENGES: TECHNOLOGICAL & STRUCTURAL, ECONOMIC, SOCIETAL 

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS



CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

SMART GRID

TRADITIONAL GRID

Planning 
and 

operation

Investment
costs

Generation 
structure

Centralized

Decentralized

Flexible 
supply 

Flexible 
demand 

Mainly 
marginal 

Mainly 
capital 

Source: Adapted from UserTCP webinar

FROM CENTRALISED TO DECENTRALISED GRIDS 



EV DEPLOYMENT COMES WITH CHALLENGES

COSTS

RANGE

ENV.INFRASTRUCTURE

DRIVER

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS



RESEARCH OBJECTIVES

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

• New policies and grid models will accelerate the sales of electric vehicles in the next years

• Proving sufficient collective parking and charging infrastructure will become a challenge

• This is especially important for urban areas and charging at workplace   

1) EV driver rationale in Belgium 
2) Determine parking and charging preferences 
3) Importance of boundary conditions: Barriers & Drivers
4) Facilitate the integration of renewables in the charging
5) Bring in information to define future BM: Identify user-profiles
6) Adoption predictive model

MAIN OBJECTIVES OF THE USER SURVEY



DEMOGRAPHICS (n = 450)

Number of responses (n): 272 

Age
18-34 30%
35-59 65%
60 and above 5%

Gender
Male 64.5%
Female 34.75%
Other 0.75%

Educ
High 63.5%
Medium 22.2%
Low 14.2%

< 1.200€ 4%
Between 1.201 and 1800€ 6.2%
Between 1.801 and 2.500€ 24.5%
Between 2.501 and 3.500€ 32.2%
Between 3.501 and 4.500€ 16.5%

> 4501€ 14.7%

FLANDERS

11.2%
7%

22.2%

19.5%
22.5%

18%

BRUSSELS

Income

Internal Combustion Engine vehicle (ICEV) 43.7%
Electric Vehicle (EV) 39%
- Battery electric vehicle (BEV) 28.5%
- Plug-in-hybrid electric vehicle (PHEV) 10.5%

None 17%

Vehic

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

Mean = 2.9
Median = 3

+-



DESCRIPTIVES: Car usage and ownership

     

  

                   

                      

                         

                                 

                                                 

                                        

              

Employer as a key facilitator for EV adoption 

24%

63%

59%

38%

What are respondents using their car for?
Car ownership origin in Flanders split by car typology

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

1



DESCRIPTIVES: Charging and parking preferences 

Charging at work is desired 

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

2

Word cloud illustrating the issues reported 
by the respondents

Current vs. ideal charging location 
Charging sessions duration at work and at 

charging hubs for EV drivers



DESCRIPTIVES: Boundary conditions for EV charging by car typology 

Drivers

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

Experienced Barriers not to adopt EV (only for ICEV drivers)

Lack of 
interest

Difficulty to 
find a parking 

spot

Lack of electric
car sharing 

services 

Ownership of 
an ICEV

Absence of 
charging points

High 
price

3a

3b



DESCRIPTIVES: Charging convenience and potential for PV integration 

Focus on EV charging at work

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

4



MODEL: Profiling by charging preferences behavior 

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

K-prototypes - dissimilarity coefficient 

Source: Jia and Song, 2020



MODEL: Charging preferences by group

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

23%

47% 43%46% 43%
50%

31%

9% 7%

YOUNG IDEALISTS INNOVATION SEEKERS COMFORT PURSUERS

A EV ICE NoneCar type:



MODEL: Charge price and time flexibility

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

13% 12%

46%46%
39%

18%

40%
48%

36%

YOUNG IDEAL ISTS INNOVATION SEEKERS COMFORT PURSUERS

A Parking Charging Both

34%
25%

49%

66%
75%

51%

YOUNG IDEAL ISTS INNOVATION SEEKERS COM FORT P URSUERS

A Fix Dynamic

Readiness to pay for

Charging pricing model



MODEL: Willingness to shift charging and V2G potential

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

18% 17% 18%

1% 3% 2%

53% 50%
39%

28% 29%
41%

YOUNG IDEAL ISTS INNOVATION SEEKERS COMFORT PURSUERS

V2G  POTENTIALYes,not many problems with that Yes, if monetary compensation

Only if data security and privacy are guaranteed No

YOUNG IDEAL ISTS INNOVATION SEEKERS COMFORT PURSUERS

If energy comes from RES To lower the price of the kWh

To get other car services If I see other people doing it

high

medium

low

V2G potential

Willingness to shift charging hours

5 Need to account for 
the different profiles



MODEL: EV adoption 

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

Intersectionality as learnt helpless 



MODEL: EV adoption 

CONTEXT OBJECTIVES RESULTS CONCLUSIONSOBJECTIVES RESULTS NEXT STEPS

6 EV learnt helpless 



THANKS FOR YOUR 
ATTENTION



Q&A Session
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Slim laden gebruiken om de energiestromen
van parkeren en gebouwen te optimaliseren

Deel 1 – KU Leuven/EnergyVille

Klaas Thoelen, Terry Zhang, Hossein Fani,

Thijs Peirelinck, Geert Deconinck



Smart charging in HUME

56

• Exploiting the flexibility in time and power

• From uncontrolled to controlled charging profile

• Context: 
• Office building, parking lot, bus depot, …

• Often limited capacity to the grid

• Possibly local PV and battery

• Multiple charging stations

• Various objectives and constraints
• Input from HUME sites

Deliverable 2.1 - State-of-the-art in Optimization for Smart Charging in Parking Buildings and Inventory of Optimization Objectives, Constraints and Control Actions 

Ereq

Energy

Timetarrival tdeparture

Pmax



Smart charging in HUME

57Deliverable 2.1 - State-of-the-art in Optimization for Smart Charging in Parking Buildings and Inventory of Optimization Objectives, Constraints and Control Actions 

• Exploiting the flexibility in time and power

• From uncontrolled to controlled charging profile

• Context: 
• Office building, parking lot, bus depot, …

• Often limited capacity to the grid

• Possibly local PV and battery

• Multiple charging stations

• Various objectives and constraints
• Input from HUME sites



Smart charging in HUME

58Deliverable 2.1 - State-of-the-art in Optimization for Smart Charging in Parking Buildings and Inventory of Optimization Objectives, Constraints and Control Actions 

• Exploiting the flexibility in time and power

• From uncontrolled to controlled charging profile

• Context: 
• Office building, parking lot, bus depot, …

• Often limited capacity to the grid

• Possibly local PV and battery

• Multiple charging stations

• Various objectives and constraints
• Input from HUME sites



A data-driven approach

Selected contributions:

1. Data-driven estimation of user preferences

2. Data-driven charging scheduling: A reinforcement learning approach

59Deliverable 2.2 - Report on the HUME optimization solution for smart charging in parking buildings.



Data-driven estimation of 
user preferences

• Smart charging requires data
•  Data about users, their EVs, and context

• Considerable uncertainty in data
• Only estimations for: departure time and energy

• No SoC available from EV (yet)

• Users prefer plug-and-forget

• Users often misestimate: 
• Difficult, range anxiety, uncertain plans, …

→ Results in uncertainty on available flexibility

60



Data-driven estimation of 
user preferences

1. Classify charging sessions based on 
patterns in historical data

• Cluster sessions on arrival and departure time
• Approach: K-means clustering

• 3 session types: short-stay, office-hours, overnight 

• General clustering of charging sessions
• Additional parameters: energy requirement, maximum 

power

• Approach: K-means based concensus clustering

61



Data-driven estimation of 
user preferences

2. Include clusters in the data-driven energy estimation

• Methods:
• Statistics: Bi-variate Gaussian Distribution (BGD)

• Machine learning: Random Forests (RF), Extreme Gradient Boosting (XGB)

• Neural networks: Mixture Density Networks (MDN) 

62Zhang, et al. - User Preference Cluster-Based Optimization for Electric Vehicles Charging in Smart Buildings Under Uncertainty, Submitted to Applied Energy 

In simulations on EnergyVille data:
Potential daily cost reduction 

between 6,6% and 14,7%



Data-driven charging scheduling:
A reinforcement learning approach

• Reinforcement learning = machine learning + optimal control
• Which actions to take in an environment to optimize a reward?

• Discrete-time stochastic control process
• Executed periodically

• Uncertainty on arrival and departure of Evs, 
available power, requested energy

• Large number of possible actions
• Data driven approach → Machine Learning

• Fitted Q-Iteration based on neural networks

• Learn the Q-function = value of taking an action in a given state

63



Data-driven charging scheduling:
A reinforcement learning approach
• Environment:

• Grid connection + PV installation

• Residual building load

• 8 charging sockets
• EV charging session data: start time, departure time, requested energy

• State:
• X = (SoC, ∆Tcharge, ∆Tdepart, t)

• SoC = energy charged

• ∆Tcharge = time needed to fully charge
• ∆Tdepart = time until departure

• t = time step

• Action:
• Per charging socket, charge or not charge, with Pmax = 11kW

• Every 15’

• Cost:
• Cf. PV self-consumption and peak reduction

• Real-time controller (or back-up controller)
• Overrule RL agent actions to make sure EVs are fully charged (when feasible)
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Data-driven charging scheduling:
A reinforcement learning approach

• Evaluation:
• Peak reduction and PV self-consumption

• For various departure time estimates

• Results:
• Charging is moved to dip in power 

consumption and spike in solar production
• Peak is reduced with ~7kW or ~4%

• Self-consumption increased from 8% to ~25%

• No clear difference between RL versions

• But, good departure time estimate is 
needed to maximize user comfort
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Uncontrolled 
charging

Real departure time

Mean departure time

Normal distribution

Mean daily peak (kW) Self-consumption rate
Uncontrolled charging 167.62 0.08

Real departure time 161.42 0.25
Mean departure time 160.19 0.29

Normal distribution sampling 159.6 0.28

Peirelinck, et al. - Forecasting Sensitivity Analysis of Reinforcement Learning Based Smart Charging, Presented at ISGT Europe 2023 



Data-driven charging scheduling:
A reinforcement learning approach

• Evaluation:
• Peak reduction and PV self-consumption

• For various departure time estimates

• Results:
• Charging is moved to dip in power 

consumption and spike in solar production
• Peak is reduced with ~7kW or ~4%

• Self-consumption increased from 8% to ~25%

• No clear difference between RL versions

• But, good departure time estimate is 
needed to maximize user comfort

66Peirelinck, et al. - Forecasting Sensitivity Analysis of Reinforcement Learning Based Smart Charging, Presented at ISGT Europe 2023 



Using smart charging building energy flows 
Mixing model based and data driven methods(AI) 

in a Model Predictive Control (MPC) approach

Presented at the Hume end-event, 14-11-2024
Jef Verbeeck, Chris Hermans, Dominic Ectors, Milan Findura, Tom Cuypers



EV smart charging service
VITO/EnergyVille SaaS platform

and what we add to it

charging

transactions

measurement

data

site

configuration

Charging infrastructure today

Building

PV

(local) controller
PLC, master charging pole,… 
• basic communication with 

charging pole
• collects measurement data
• Modbus, OCPP, …

forecasting
• uncontrollable load forecast
• PV, wind, … forecast
• (expected arrival forecast)

optimization
• model
• constraints
• cost function(s)
• state information

data retrievers
• day ahead data
• Elia forecast data
• weather data

support
• monitoring/alerting
• storage
• visualization

orchestrator
• coordinates and 

triggers the services

charging

plans

user interaction
app, website, billing, …
• charging needs
• departure time
• preferences

• guards fuse
• load balancing



model

bringing model, constraints, forecasts and costs together
Model Predictive Control

building
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Configuration and optimization settings
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Example planning

optimization settings:

• Dynamic electricity offtake price (day-ahead market)

• Fixed (low) electricity injection price (0.04€/kWh)

• Peak price when offtake power exceeds 40kW 
(capacity tariff)

• In case there are multiple solutions possible:

• Charge car as fast a s possible

• Prioritize based on departure time of the car



Step 1: PV forecast

m
a

in
 (

3
-p

h
a

s
e

)

100A main

M01 (22kW)

L1-L2-L3

M02 (22kW)

L2-L3-l1

M03 (22kW)

L3-L1-L2

M04 (22kW)

L1-L2-L3

M05 (22kW)

L2-L3-l1

M06 (22kW)

L3-L1-L2

M07 (22kW)

L1-L2-L3

M08 (22kW)

L2-L3-l1

M09 (22kW)

L3-L1-L2

M10 (22kW)

L1-L2-L3

Building

L1-L2-L3

PV

L1-L2-L3

Example optimization

day ahead price



Step 2: PV and building consumption forecast
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Step 3: 1st car → ASAP on PV self consumption
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Step 4: 2nd car → charge after car 1 on PV
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Step 5: 3rd car → shifts before other cars because early departure
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Step 6: 4th car → next on PV self consumption
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Step 7: 5th car → charges immediately at any price
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Step 8: 6th car → shifts before last car on PV
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Step 9: 7th car → starts using the cheapest day ahead price
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Step 10: 8th car → continues using the cheapest day ahead price
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Step 11: 9th car → capacity price kicks in, second cheapest DA spot
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Step 12: 10th car → keeps spreading peak at 40kW
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Step 13: Reduced PV → planning focuses on the 40kW peak
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Step 14: No PV → new peak can not be avoided but as low as possible
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• Results in practice → see later presentations

• MPC keeps making the best of all situations

• Collecting user data is a challenge and is not streamlined today

Some final thoughts



Q&A Session

Moderator Prof. Johan Driesen – KULeuven / EnergyVille



Agenda

✓ 13u00-13u05: Welcome (VITO – CarloMol –Moderator)

✓ 13h05-13h15: HUMEwithin the FLUX50 activities on collective energy solutions and flexibility (FLUX50 –Patrick Devos)

✓ 13u15-13u25: HUMEmeasurement sites: challenges/opportunities (VITO - Wim Cardinaels)

✓ 13u25-13u35: Charging ahead: Insights into EV driver behaviour and preferences (VITO - Guillermo Borragán)

✓ 13u35-13u55: Using smart charging to optimize parking and building energy flows (KULeuven - Klaas Thoelen & VITO - Jef Verbeeck)

✓ 13u50-14u10: Looking deeper into the charging hardware: electrical systems and operating efficiencies (KULeuven - Johan Driesen)

✓ 14u10-14u40: New insights in service and business models for EV charging (Blink Charging – Thais Lopez & MOVE – Jasmien Vanvooren)

✓ 15h30-15h50: HUME integrated architecture (VITO - Dominic Ectors)

✓ 15h50-16h30: An overview of the HUME demonstration sites

✓ Tour & Taxis (Brussels) (Nextensa – Tim Van Dorpe)

✓ EnergyVille1 (Genk) (VITO – Dominic Ectors)

✓ Multiobus (Tienen) (Multiobus – Peter Vicca)

✓ 16h30-17h00: What is the impact of “EV Fire Safety” aspects on your parking and building (VITO – CarloMol)

✓ Practical hands-on experiences will be shared by bus depot owner Multiobus and parking owner Nextensa.

✓ 17h00-17h30: Q&A (KULeuven – Prof. Johan Driesen)

✓ Questions can be sent in during the event via a QR-code and will be handled in the Q&A sessionmoderated by Prof. Johan Driesen (KULeuven)

✓ Presentations will be shared to all participants after the event



Looking deeper into the charging hardware: 
electrical systems and operating efficiencies

Johan Driesen, Mohamed Yasko, Attila Balint

KU Leuven/EnergyVille 

14 November 2024



Content

• Electrical system architecture

• Charging efficiency tests

❑ AC charging system

❑ V2G charging system

❑ DC fast charging system

• Main contributions

• Future Works



Electrical system architecture

400V-50Hz

mature protection system 

standardized technology

complex control

more conversions

power quality issues

simple control

less conversions

less power quality issues

Better integration of PV/BESS

Operating 

Efficiency?

DC bus (unipolar, bipolar)AC bus (1, 3 phases)

complex protection system

non-standardized technology
CPO: charging point operator

BESS: Battery Energy Storage Systems

What is important

for a CPO from an

operation/business

perspective?



Electrical system architecture
Large scale EV charging system

CP1 CP2CMS

Impact of operating efficiency?

CP: charging point

CMS: charging management system

EV1

Charger efficiency

SoC…kWh

Battery NMC

Time flexibility

EV2

Charger efficiency

SoC…kWh

Battery LFP

Time flexibility

DC fast charging 

Charger efficiency

SoC…kWh

Battery LFP/NMC

Time flexibility
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Charging efficiency tests

Selected testing works

Research works Country-Year Charging tech. EV models diversity Testing env. Max power (kW)

A. Elpiniki et al., USA-2017 AC/V2G Yes Field/Lab 18

W. Schram et al., NL-2020 AC/V2G Yes Field 10

B. Reicket et al., DE-2021 AC Yes Field 11

K.Sevdari et al., DK-2023 AC/DC Yes Field 22

S. Silva et al., NZ-2023 AC/DC Yes Field 50

HUME BE-2024 AC/V2G/DC Yes Field 50/150/250



Measurement setup (EnergyVille site)

Measure DC values

Measure AC values

Blue Corner, etc..

AC charging points
V2G charger/Venema 

(HUME)

Data logging devices 

(HUME)

Charging efficiency tests

ABB DC charger

EVs Models Bat. 

Tech.

Bat. 

(kWh)

AC  

(kW)

DC 

(kW)

V2G

 

1 Nis. Leaf LMO 24 1.3-6.6 46 Yes

2 Nis. Leaf LMO 24 1.3-6.6 46 Yes

3 Nis. Leaf NMC 40 1.3-6.6 50 Yes

4 Peug. e 208 NMC 46 1.3-7.4 150 No

5 Renault Zoe NMC 25 4.4-43 - No

6 Tesla Y SR LFP 58 4.4-11 170 No

7 Tesla Y  LR NCA 75 4.4-11 250 No

Combination of personal and

company EV models with

different energy requirement and

power capabilities representing

the EV industry



Charging efficiency tests

❑AC charging system

AC charging points

Operating efficiency at different charging power level

M. Yasko, J. Driesen and W. Martinez, "Efficiency measurement and maximization for EV charging technologies,"  

IEEE Transportation Electrification Conference and Expo (ITEC), Chicago, IL, USA, 2024.

40% charging power level means less than 85% efficiency

LEZ

LEZ: Low Eff. Zone



Charging efficiency tests

❑V2G charging system

V2G charger

M. Yasko, J. Driesen and W. Martinez, "Efficiency measurement and maximization for EV charging 

technologies,"  IEEE Transportation Electrification Conference and Expo (ITEC), Chicago, IL, USA, 2024.

10 kW 

10-15% charging power level means less than 85% efficiency

Round trip efficiency could be very low if V2G is operated in LEZ 

LEZ

LEZ: Low Eff. Zone

Operating efficiency at different charging power level

DC port

22-40 kWh 

AC input power (kW) 



Charging efficiency tests

❑DC charging system – 50 kW

DC charger

LEZ

Constant Current 

Constant Voltage 

12% charging power level means less than 85% efficiency 

(modular design)

75 kWh 

50 kW



Charging efficiency tests
❑DC charging system – 50 kW

DC charger

88%

82%

NCA kWh
38.32 – 100%

34.89           – 91%

33.76           – 88.1%

LFP kWh

48.67      – 100%

45.02      – 92.5%

44           – 90.4%

Duration= 73 min

SoC = 28-100%

Temp.= 22-47°C

Duration= 80 min

SoC = 61-100%

Temp.= 32-57°C

Battery

Charger

Battery

Charger
75 kWh 

50 kW 



Charging efficiency tests

❑DC charging system – 150 kW

ETF project

Efficiency 93-94% (modular design, 25-80% of rated power )

75 kWh 

Alpitronic DC charger

150 kW 



Charging efficiency tests

❑DC charging system – 150 kW

75%

NCA kWh
67.11 – 100%

62.8             – 93.57%

61.12          – 91.07

Duration= 48 min

SoC = 15-90%

Temp.= 40-61°C

Battery internal eff. (not measured in this project)

Battery

Efficiency for 1.5C is around 95.9%

ETF project

L. Uwalaka, et al. "Experimental Performance Analysis of LG E-66 Cells from a Fast-Charging Porsche Taycan

Battery Module,"  IEEE Transportation Electrification Conference and Expo (ITEC), Chicago, IL, USA, 2024, 

150 kW 

75 kWh 



❑DC charging system – 250 kW (ongoing)

Charging efficiency tests

250 kW 

75 kWh 



Charging efficiency tests

❑AC system (On-board)

Charger 11 kW/22 KW

Low charger kW/Batt. kWh  

Batt. tech.

Efficiency range can go lower than 85%

❑DC system (Off-board)

V2G 10 kW round trip eff.

charger 50kW/150kW

High charger kW/batt. kWh 

Batt. tech.

Efficiency range= 90-94% (general)

System knowledge: CPO, charging system integrators/designers, EV user etc…

EV users can limit the power…impact on the smart charging strategy and business model??
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Main contributions

❑Project partners: 

Detailed knowledge sharing with deliverables (D3.1, D3.2, D3.3, D3.4)

Efficiency consideration in:

-user input estimation improvement (WP2)

-upper-level optimization (WP2/WP5)

❑BE and worldwide:

Energy Transition Fund project (CPO related research),

Industry in Electric Vehicle Symposium (Seoul/Korea), 

Academia (improving modeling), paper cited, etc… 

M. Yasko, A. Balint, J. Driesen and W. Martinez, "Future workplace EV charging architectures: DC and AC charging choices," IEEE Conference on Electrical 

Systems for Aircraft, Railway, Ship Propulsion and Road Vehicles & Transportation Electrification Conference (ESARS-ITEC), Venice, Italy, 2023.



Content

• Electrical system architecture

• Charging efficiency tests

❑ AC charging system

❑ V2G charging system

❑ DC fast charging system

• Main contributions

• Future Works



Future works
❑Collect more measurement at 250 kW (Tesla supercharger)/ 300 kW (Fastned)

❑Build models based on realistic operating conditions

❑Train AI models to predict/control system efficiency

CP1 CP2CMS

EV1

Charger efficiency

SoC…kWh

Battery NMC

Time flexibility

EV2

Charger efficiency

SoC…kWh

Battery LFP

Time flexibility

Charger efficiency

SoC…kWh

Battery LFP/NMC

No Time flexibility

DC fast charging 

operating efficiency?

(car/battery)

operating efficiency?

(charger)

operating efficiency?

(system)

Testing/controlling capabilities for higher power are needed  

CP: charging point

CMS: charging management system



Thanks



Q&A Session

Moderator Prof. Johan Driesen – KULeuven / EnergyVille



Agenda

✓ 13u00-13u05: Welcome (VITO – CarloMol –Moderator)

✓ 13h05-13h15: HUMEwithin the FLUX50 activities on collective energy solutions and flexibility (FLUX50 –Patrick Devos)

✓ 13u15-13u25: HUMEmeasurement sites: challenges/opportunities (VITO - Wim Cardinaels)

✓ 13u25-13u35: Charging ahead: Insights into EV driver behaviour and preferences (VITO - Guillermo Borragán)

✓ 13u35-13u55: Using smart charging to optimize parking and building energy flows (KULeuven - Klaas Thoelen & VITO - Jef Verbeeck)

✓ 13u50-14u10: Looking deeper into the charging hardware: electrical systems and operating efficiencies (KULeuven - Johan Driesen)

✓ 14u10-14u40: New insights in service and business models for EV charging (Blink Charging – Thais Lopez & MOVE – Jasmien Vanvooren)

✓ 15h30-15h50: HUME integrated architecture (VITO - Dominic Ectors)

✓ 15h50-16h30: An overview of the HUME demonstration sites

✓ Tour & Taxis (Brussels) (Nextensa – Tim Van Dorpe)

✓ EnergyVille1 (Genk) (VITO – Dominic Ectors)

✓ Multiobus (Tienen) (Multiobus – Peter Vicca)

✓ 16h30-17h00: What is the impact of “EV Fire Safety” aspects on your parking and building (VITO – CarloMol)

✓ Practical hands-on experiences will be shared by bus depot owner Multiobus and parking owner Nextensa.

✓ 17h00-17h30: Q&A (KULeuven – Prof. Johan Driesen)

✓ Questions can be sent in during the event via a QR-code and will be handled in the Q&A sessionmoderated by Prof. Johan Driesen (KULeuven)

✓ Presentations will be shared to all participants after the event



4.2 Value of new parking and charging services

Sam De Frene

Blink Charging



Workpackage 4.2: goal

• Business impact of optimizing EV Charging spots
• Increase amount parking spots with chargers

• Increase utilization of EV spots

• Decrease usage of non-renewable sources

• Use charging flexibility to ensure grid stability

• Business model innovation within contractionary environment



EV Growth in Belgium

Source: European Alternative Fuels Observatory



AC and DC Chargers in Belgium 

113

+94%

+63%

+55%

68.000 chargers

Source: European Alternative Fuels Observatory

+81%



Charging is more than technology

Understanding the EV Charging Ecosystem

Technology People Business Models

Technological 

and Software 

implementation

Understanding the human

behavior and preferences

Build economic viable 

business models in 

the EV mobility ecosystem



EV Charging Solutions with Blink
© 2022 Blink Charging Co. All Rights Reserved.

One  
charger 
per 75 
citizens

Cities: want to give the streets back to its 

citizens

Target Europe: 1 EV charger per 10 EV’s

Charging Requirements

Car Ownership: 4 out of 10 citizens own a 

car

Antwerp: 536.000 citizens → 214.000 cars → 71.500 EV’s → 7.000 chargers

Gent: 268.000 citizens → 107.200 cars → 35.700 EV’s → 3.500 chargers

EV: 1 out of 3 cars will be electric in 2030



Where will we charge?
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Paal volgt wagen?

vrt nws 9/05/2023 



EV Charging Solutions with Blink
© 2022 Blink Charging Co. All Rights Reserved.

BlinkCharging.com • (888) 998.2546

Cities have their Plans…

• Market Insights
2015 2017 2023

https://blinkcharging.com/


How to get more chargers?

…without the need for more public space

1. Shared use of infrastructure

2. Transform private to semi-public 

3. Optimized hubs outside city center

4. Innovation 
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1/3
Unrestricted

66%

Better access Semi-Public
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2/3
Restricted

Source: European Alternative Fuels Observatory



Better access to semi-public

121



Optimized Charging Islands
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Neighbourhood parkings 
and association of co-owners



How to get more chargers available
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…and parking



What about electricity 
and grid capacity?
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Evolution of RES and Consumption: 
exprapolated

Source: Elia Adequacy & flexibility study for Belgium (2024-2034)



Energy System of the future = 
Consumer Centric



Demand follows generation: Flexibility

• Implicit Flexibility

• Activation decided by owner
• Price signal based

• Day Ahead Market
• Intraday
• Imbalance

• Explicit Flexibility

• Activation by Elia  (hard signal)

• Auction Based

• Obligation to deliver

• FCR

• aFFR

• mFFR



Day-Ahead based charging 
(Time of Use)



Charging cost per scenario

• One EV
• Aprox 100km/day

• 20kWh/100km 

• Schedule 1: Home Charging
• Daily at Home @18:00

• Avg 2022: 0,50 €/kWh

• Avg 2023: 0,28 €/kWh

• Schedule 2: Office Charging
• Daily at Work @ 9:00

• Avg 2022: 0,45 €/kWh

• Avg 2023: 0,25 €/kWh

• Schedule 3: Optimized office
• Daily at work @ 12:00

• Avg 2022: 0,40 €/kWh

• Avg 2023: 0,23 €/kWh

• Schedule 4: Optimized home
• Optimized at Night @3:00

• Avg 2022: 0,33 €/kWh

• Avg 2023: 0,20 €/kWh

 € 

500 € 

1.000 € 

1.500 € 

2.000 € 

2.500 € 

3.000 € 

3.500 € 

4.000 € 

 ome Charging O ce Charging Op mi ed O ce Op mi ed o ernight

 otal  nergy cost for 35.400km/yr

 rid Fees  nergy Cost V  

- € 

500 € 

1.000 € 

1.500 € 

2.000 € 

2.500 € 

Home Charging Office Charging Optimized Office Optimized overnight

2023 Total Energy cost for 35.400km/yr

Grid Fees Energy Cost VAT



Charge when the renewable energy 
is available

Solar Forecast Wind Forecast



Algorithms: unoptimized

• High Peak usage (44kW)

• At higher average cost (0,19 €/kWh)



Algorithms: Solar and price optimized

• Solar optimized



Algorithms: Loadbalancing

• Not all charging need met

• Higher Energy cost (0,09 €/kWh)



Agorithms: Smart Charging

• All demand is met

• At a lower total cost (0,08 €/kWh)



Optimal Public Charging

• What does the customer need?
• Volume of kWh

• Time to leave?

• What is the customer preference?
(willing to pay)

• Flex Charging (Cheapest)

• Standard Charging

• Greenest Charging

• Priority Charging (Fastes)
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Optimal optimization?
-> user interaction required

• User interaction will be needed to feed the algorithms
• Example



What do Employees want?
Pricing options



• Want
• Visibility, monitoring, 

Renewable Energy 
option

• Fast Charging

• Don’t want
• Car sharing

• Other services in general

What do Employees want?
Services



• Want
• Visibility, monitoring, 

reporting

• Charge rates on 
origin of energy

• Renewable Energy 
option

• Don’t want
• Car sharing

• Other Services

What do employers want?



Vision towards 2030

• EV’s will continue to grow to 2M by 2030

• Business model cost drivers (rotation fees, starting fee) will evolve 
to a more transparent model 

• Interest in add-on services on top of EV charging will increase.

• EV’s cause an important impact on the energy need of a country. 
But these EV’s will play an important role in the grid stability 
services.

• Connected cars will create value if there is a frictionles transfer of 
signals and financial retrun between the different actors



Thank you for your attention

Sam De Frene
Blink Charging Belgium

+32 495 587427

https://www.linkedin.com/in/samdefrene/ 



New insights in service & 
business models

Citibee



Citibee
Integrale aanpak en knowhow

Stakeholders
betrekken in 
community3.

Veiligheid
en comfort
creëren2.

Infrastructuur 
beter 
benutten1.



Leegstand van parkings
= onderbenutting van laadpalen

Leegstand parking plekken

Ongebruikte laadstations

Verloren zonne-energie 



Investeren we te veel?

• Bestudeer de nodige capaciteit

• Werk modulair en zorg voor 
uitbreidbaarheid

• Stop over-investeren bij het 
plaatsen van zonne-energie en 
laadpalen



Parking Moorkensplein –
winstgevend model



Stakeholders helpen bij de 
optimalisatie van energieverbruik

Zonnepanelen

Stofzuigers Antwerpen

Airbnb

De Roma Antwerpen

UZE.energy

Huwelijken

Cambio

Elektrische fietsen



BEDANKT
Jasmien Vanvooren – jva@citibee.be



Q&A Session
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WP5 : architecture
Dominic Ectors (VITO)



Existing reference architectures



Reference architecture

• For Hume focus on :
• Site optimization

• Interaction with other management systems: 
• BEMS (local DER resources), mobility planning system, local controller,…

• Interaction between a CSMS (CPO/CSO) and SCMS (SCSP)

• Interaction with the end-user



Hume reference architecture

Battery

DER

CL

UCL

CS

BEMSBMS

CSC

SCMS / 
optimizer

CSMS

Parking 
MS MSP MS

Facility 
manager

eMSP

CSO/CPO

Energy 
Community MS

SGCP

Mobility 
MS

EV

ES MS

DSO MS

Energy 
Supplier

DSO

Weather 
service

AGG MS

Aggrega
tor

EV MS

EV OEM

User

Prosumption info, 
flex

Tariff (energy,capacity)
Dynamic price

(Dynamic) grid constraints

Flex, measurements, 
control

Weather forecast

-> site configuration
-> measurements, state & transactions
<- schedules

-> site configuration
-> price, grid constraints, flex allocation
-> measurements, state  & transactions
<- schedules

PV & UCL 
forecaster service

Prosumption
forecast

Fleet 
manager

-> measurements, state & transactions
<- schedules

Car arrival, needed 
energy & departure time 

forecaster service

Prosumption
forecast

Needs forecast

Needs forecast, 
SoC,…

Power range 
envelope (PRE)

Parking guidance, 
needs forecast,…

SCSP

EV SP

User APP

SoC,…



Hume reference architecture

CS CSC

SCMS / 
optimizer

CSMS

MSP MS

eMSP

CSO/CPO

EV

User

OCPP, MODBUS

SCSP

User APP

OCPP, MQTTIEC 61851
IEC 15118

OCPI, OSCP,…



Interaction between CSO and SCSP

• Open Charge Point Interface (OCPI) was selected as protocol

• A gap analysis was done between OCPI 2.2.1 and the existing
REST API that was used at EnergyVille

• Defined several protocol extensions
• Smart charging preferences from CSO to SCSP

• Site configuration

• Site measurements

• Implemented an OCPI version based upon an open source 
implementation

• Deployed it at the EnergyVille1 site



Conclusions

• Focus is on site optimization in this reference architecture taking 
into account local DER, site constraints, e-mobility requirements 

• Decided not to transform OCPI from a mobility protocol into a EMS 
protocol

• SCSP still needs additional protocols to retrieve the necessary site info 
(configuration of the site, information about non-mobility assets,…) to 
perform a site optimization

• Architecture allows multiple coordinating (energy) management 
systems. In Hume we choose for an overall optimization.

• E-mobility architecture and protocol landscape is still evolving
• Multiple competing protocols, regulation (billing,…) , grid constraints, flex 

harvesting, … 



Open for future exploration

• How to improve retrieval of user charging preferences
• IEC/ISO 15118, forecasting, CAR OEM path, …

• Charging flexibility is in Hume used for local cost optimization. 
Flexibility can also be offered to external actors.

• Benchmarking cooperating EMS systems vs overall optimization

• V2G

• …



Thank you
Dominic Ectors, VITO/EnergyVille
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Closing Event: 14/11/2024

Tour & Taxis 

Proof of Concept: Royal Depot

Tim Van Dorpe – Energy Manager



HUME: Proof of Concept (PoC)

• Introduction Nextensa

• Location: Tour & Taxis / Royal Depot / PoC

• Objectives

• Technical specifications
• Electric capacity

• PV-installation

• EV-installation

• Uncontrollable load

• Setup & Optimisation settings

• Results: key figures & findings



Introduction Nextensa



Introduction Tour & Taxis site



Introduction Royal Depot

Year of construction: 1904-1906

Purpose: storage of goods under government supervision

Completely renovated in 2003/2004



Introduction: Proof of Concept



Proof of Concept: objectives

1. Peak shaving

2. Maximize current per phase

3. Increase PV self-consumption

4. Shift consumption to low hourly prices

5. Integrate different services levels and related prices (priority management)

6. Charge session reservation / guarantee

7. Integrate battery + inverter supporting phase balancing

8. Minimize CO² emissions

9. Integrate vehicle-to-grid + inverter supporting phase balancing

10. Balancing services – FCR

11. Increase energy efficiency



Tour & Taxis: Proof of Concept

• Technical specifications
• PV-installation:

• Capacity: 860,62 kWp

• Production: 650 MWh/year

• Uncontrollable load:
• HVAC system: 346kW

• EV-installation:
• Main power switch: 400A

• 35 charging points of 11kW

• Electric capacity: 
• Building: 2.520 kVA (4 x 630 kVA)

• Grid connection (contract): 
• Sibelga: 2.230 kVA



Tour & Taxis: Proof of Concept (PoC)

• Setup technical: Phoenix Contact PLC



Tour & Taxis: Proof of Concept (PoC)

• Communication: 1 QR-code per charging station + 3 step plan



Tour & Taxis PoC: # Car sessions per day
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Tour & Taxis PoC: # Users with charging 
preferences filled-in (QR code)
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Tour & Taxis PoC: Charged Energy (kWh)

Total monthly (kWh)

(Daily average) (kWh)

Weekday Weekend



Tour & Taxis PoC: Simultaneous car sessions

Weekday

# charging Poles : 35

#cars simultaneously connected

Daily max

(Daily average)

#cars simultaneously charging

Weekend



Tour & Taxis PoC: Charging session simulation 1 day

Load balancing Optimizer : user preferences set

Load balancing (max available power)

Real situation

Load balancing (max available power)

Real situation



Tour & Taxis PoC: Facts & Figures

Financial benefit using the optimizer : Offtake peak reduction

Offtake peak (KW) Load balancer
Optimizer (without 
user preferences) 

Optimizer without user pref - Load balancer

Optimizer (with 
user preferences)

Optimizer with user pref -
Load balancer

kW % € 2,5/kW kW % € 2,5/kW

Augustus 1156,38 1074,52 -81,86 -7,08% -€ 204,65 1062,46 -93,93 -8,12% -€ 234,81

September 1116,30 1013,95 -102,35 -9,17% -€ 255,88 950,33 -165,98 -14,87% -€ 414,96

October 971,86 888,62 -83,24 -8,57% -€ 208,10 821,98 -149,88 -15,42% -€ 374,71

Total -267,45 -€ 668,63 -409,79 -€ 1.024,48



Tour & Taxis PoC: Findings & advices

• When the users (drivers) don’t fill-in their session charging needs using the App 
(scan QR code) charging will be done at min power creating no flexibility.

• Charging power: 6A

• Users (drivers) should get some kind of incentive to fill-in their charging needs 
and creating flexibility.

• Flexible pricing, f.i. discount on charging cost, ..

• Voucher : Free parking, drink, …

• Benefit of cost reduction (lower peak limit) will increase with the amount of 
users using the app.

• In this PoC: +/- 4.000€/year with an average of 5 users

• Promote charging in the weekend to improve self consumption & avoid injection 
to the grid

• 100% usage by buildings (except weekend)



Tour & Taxis PoC: Findings & advices

• Current parking contains 296 parking places with only 35 charging poles
• Using the optimizer and users filling-in their charging needs the number of charging poles 

can be doubled without the need to increase the grid connection

• Using simulations different options can be calculated
• Usage of day-ahead

• Imbalance market

• Extention of #charging poles

• Flexibility depends on the accurancy of the user preferences set : estimated 
departure time, km’s to drive / requested energy to charge

• Often overestimated -> loss off flexibility

• OEM car data access will be benefical

• Fixed electricity price contract

• No gain by shifting (f.i. day ahead)



WP5 : EnergyVille1
demonstration site

Dominic Ectors (VITO)



EnergyVille1



EnergyVille 1 demo site: Parking lay-out
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Electrical diagram
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EV1 Charging session: Mail



EV1 Charging session: Default settings



EV1 Charging session: Transaction



EV1 Charging session: Monitoring



EV Smart 
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Results

Load balancer Optimizer with perfect forecast
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# Transactions / day 
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Performance results

Self-consumption Dynamic load balancing Smart charging

Self-consumption 97,4% 97,7%

Total cost reduction per pole per month: 11€

Cost, complexity versus gains

Commercial flexibility not yet activated
Additional comfort (priority, more charged,…)



Thank you
Dominic Ectors, VITO/EnergyVille



Multiobus - Setup
Overview depot Tienen



Multiobus setup Tienen



Multiobus setup Tienen
• Busdepot 2 hangars (North / South)

• Located in Industrial Zone

• Gridconnection: 1.000 kVA

• PV installation 800 solar panels

• BESS (1,6 MWh)

• Daily use of 2 MWh

(2021-2023)



Multiobus setup Tienen
• Hangar for 24 buses,12 chargers available (CCS-2, 3 DC-outlets/180kW, 

dynamic charging)

• Nominal DC charging power of 50 kW, max performance 150 kW

• Charging and buses are monitored by Chargepoint® software

• PV installation and BESS (1,6 MWh) on site 



Multiobus - Technical data
Overview depot Tienen



Multiobus setup Tienen



Multiobus setup Tienen

• Overview of bus fleet during test period

• Avg consumption 1.1 kWh/km (12 meter bus), 1.7 kWh/km (18 meter)



Multiobus setup Tienen
• Prices vs charging needs (2023)



Multiobus setup Tienen
• Planned maximum power (per set of 3 connected outlets per 

charger)



Multiobus setup Tienen
• Further finetuning of the charging schedule:

oDuring split services in day time

oFurther delayed charging at night

oWeekend charging with adapted schedule



Q&A Session

Moderator Prof. Johan Driesen – KULeuven / EnergyVille



Agenda

✓ 13u00-13u05: Welcome (VITO – CarloMol –Moderator)

✓ 13h05-13h15: HUMEwithin the FLUX50 activities on collective energy solutions and flexibility (FLUX50 –Patrick Devos)

✓ 13u15-13u25: HUMEmeasurement sites: challenges/opportunities (VITO - Wim Cardinaels)

✓ 13u25-13u35: Charging ahead: Insights into EV driver behaviour and preferences (VITO - Guillermo Borragán)

✓ 13u35-13u55: Using smart charging to optimize parking and building energy flows (KULeuven - Klaas Thoelen & VITO - Jef Verbeeck)

✓ 13u50-14u10: Looking deeper into the charging hardware: electrical systems and operating efficiencies (KULeuven - Johan Driesen)

✓ 14u10-14u40: New insights in service and business models for EV charging (Blink Charging – Thais Lopez & MOVE – Jasmien Vanvooren)

✓ 15h30-15h50: HUME integrated architecture (VITO - Dominic Ectors)

✓ 15h50-16h30: An overview of the HUME demonstration sites

✓ Tour & Taxis (Brussels) (Nextensa – Tim Van Dorpe)

✓ EnergyVille1 (Genk) (VITO – Dominic Ectors)

✓ Multiobus (Tienen) (Multiobus – Peter Vicca)

✓ 16h30-17h00: What is the impact of “EV Fire Safety” aspects on your parking and building (VITO – CarloMol)

✓ Practical hands-on experiences will be shared by bus depot owner Multiobus and parking owner Nextensa.

✓ 17h00-17h30: Q&A (KULeuven – Prof. Johan Driesen)

✓ Questions can be sent in during the event via a QR-code and will be handled in the Q&A sessionmoderated by Prof. Johan Driesen (KULeuven)

✓ Presentations will be shared to all participants after the event



IEA HEV TCP Task49 - EV FIRE SAFETY

What is the impact of “EV Fire Safety” aspects on your parking and building

Carlo Mol – VITO / EnergyVille

HUME Closing Event – 14 November 2024 – Tour & Taxis (Brussels)



IEAHEV.ORG

• Due to the unfortunate fire incident at the bus depot of Multiobus in 
October 2023, the HUME partners decided to add an extra presentation 
not directly linked to smart charging but on the topic of “EV Fire Safety” 
and its impact on the installation of extra charging points in parkings. 

• An overview of the activities within Task49 on “EV Fire Safety” by Carlo 
Mol (VITO). VITO initiated a dedicated Task on “EV Fire Safety” within 
the framework of IEA HEV TCP and will give an overview of lessons 
learned related to changes in parking legislation in different EU 
member states. 

• Practical hands-on experiences will be shared by bus depot owner 
Multiobus and building/parking owner Nextensa.

Agenda



IEAHEV.ORG

IEA HEV TCP: IEA Hybrid and Electric Vehicle Technology Collaboration Programme



IEAHEV.ORG

IEA HEV TCP: IEA Hybrid and Electric Vehicle Technology Collaboration Programme



IEAHEV.ORG

IEA HEV TCP: IEA Hybrid and Electric Vehicle Technology Collaboration Programme



IEAHEV.ORG

IEA HEV TCP: IEA Hybrid and Electric Vehicle Technology Collaboration Programme



IEAHEV.ORG

IEA HEV TCP: IEA Hybrid and Electric Vehicle Technology Collaboration Programme



IEAHEV.ORG

IEA HEV TCP: IEA Hybrid and Electric Vehicle Technology Collaboration Programme



IEAHEV.ORG

Knowledge exchange on EV fire safety aspects: exchange best practices, share experiences and 
work towards common guidelines how to deal with specific EV fire safety risks

Task49 is triggered due to many different perceptions of EV fire safety risks

Not that much statistics available yet. Risk assessments based on limited statistics could lead to a too negative 
perception of EV fire safety risks hampering the roll-out out EV’s and charging infrastructure in e.g. underground 
parkings

Task49 wants to collect and share information to relevant stakeholders: building and parking owners, fire rescue 
workers, transport and tow companies, insurance companies, OEMs (vehicles and charging infrastructure), 
policy makers, regulations, … up to the EV drivers and general public

Sharing experiences between country experts to increase insights in EV fire safety risks and to share best 
practices in preventing or mitigating EV fire incidents (from technological and regulation perspective).

Task49 “EV Fire Safety” : Topic & Background



IEAHEV.ORG

Task1: Collection of information

• Desktop research, interviews, conferences, …

Task2: Stakeholders database

• Building up database of task49 working group (first point of contact & key members) & interested 
stakeholders in member countries

Task3: Collaboration IEA HEV TCP tasks

• Collaboration on their specific expertise e.g. on vehicle side (LEV, marine, ..), on batteries or charging 
infrastructure (extreme fast charging, battery swapping, …), … ambition is to intensify exchanges between IEA 
TCP HEV tasks (input for scoping, workshops, stakeholder database, literature, …)

Task4: Workshops

• Organize 5 online workshops on selected topics, prioritization in agreement with member countries

Task5: Dissemination

• Task49 chapter in IEA TCP HEV annual reports, newsletters, conferences, …

Task6: Task management

• 6-monthly meetings with FPOC of member countries (status update, planning, …)

Task49 “EV Fire Safety” : Tasks



IEAHEV.ORG

• 13 Member Countries

• Belgium (Task Manager), Austria, Germany, Italy, Norway, South Korea, Spain, Switzerland, Sweden, The 
Netherlands, UK, USA and European Commission

• Close to join Task49

• Denmark, Canada, Japan as observer (Link to IEA Combustion TCP)

• Next slides: Activities related to impact of “EV Fire Safety” aspects on parking and building regulation

Task49 “EV Fire Safety”: Task49 Member Countries



IEAHEV.ORG

Task49 “EV Fire Safety” : AEC2023 (Utrecht – NL) (27/09/2023)



IEAHEV.ORG

17 July 2024 – ONLINE

• Welcome & introduction to IEA HEV TCP – Task49 – “ V Fire Safety” (Carlo Mol, VI O) (15’)

• Impact of electric  ehicles on parking regulation (15’ for each presentation)

• In Belgium (Bart Vanbever, Agoria and FireForum)

• In The Netherlands (Tom Hessels, NIPV)

• In Austria (Hannes Kern, IRIS)

• In UK (Asiq Mohamed or Grace Carroll, UK Office for Zero Emission Vehicles)

• On European level (Aleksandra Klenke – DG MOVE & Eugenio Quintieri - Fire Safe 
Europe, EC Sustainable Transport Forum Task Force Fire Safety)

• Q&A – Interaction with speakers and participants on experiences and expectations (30’)

• Recording and presentations of workshop 1: send email to carlo.mol@vito.be for link

• Next Workshop will be on “ V Fire Statistics”

Task49 “EV Fire Safety”

Workshop 1: “Impact of electric vehicles on parking regulation”

mailto:carlo.mol@vito.be


IEAHEV.ORG

• European Fire Safety Week (18-22 November 2024 in Brussels)

• https://www.europeanfiresafetyalliance.org/european-fire-safety-week/

Task49 “EV Fire Safety” : Task1 : Collection of Information: Future Conferences 

https://www.europeanfiresafetyalliance.org/european-fire-safety-week/


IEAHEV.ORG

• International Conference on Fires in Vehicles (FIVE 2025) (7-8 April 2025 in Reykjavik - Iceland)

• https://www.ri.se/en/five : registration will open in January 2025

• Presentation on IEA HEV TCP Task49: "Electric vehicle fire safety and the impact on parking regulations"

• Draft paper by 15/12/2024 and final paper by 03/03/2025

Task49 “EV Fire Safety” : Task1 : Collection of Information: Future Conferences 

https://www.ri.se/en/five


IEAHEV.ORG

Task49 Member Countries

Contacts with other initiatives on passenger cars

• Close cooperation with EC STF TF Fire Safety: “Guidelines on fire safety for Battery Electric Vehicles parked in 
underground and above ground covered car parks” will be presented during European Fire Safety week (21 
November 2024)

• DG REFORM - Study “Accelerating Sustainable Mobility by Building Agile, Proportionate and Risk Based Safety 
Regulations and Scaling Up Carsharing in the Netherlands” – Deloitte

• CTIF (International Fire Service Association)

• EPA – ARUP: Fire Safety Advice Toolbox will be launched soon

What about guidelines for heavy-duty vehicles and stationary batteries? 

• Belgium - new WG under FireForum on heavy-duty vehicles and guidelines for parking

• Belgium - new ad-hoc group of stakeholders focusing on guidelines for stationary batteries implementation

Task49 “EV Fire Safety”



IEAHEV.ORG

• Due to the unfortunate fire incident at the bus depot of Multiobus in 
October 2023, the HUME partners decided to add an extra presentation 
not directly linked to smart charging but on the topic of “EV Fire Safety” 
and its impact on the installation of extra charging points in parkings. 

• An overview of the activities within Task49 on “EV Fire Safety” by Carlo 
Mol (VITO). VITO initiated a dedicated Task on “EV Fire Safety” within 
the framework of IEA HEV TCP and will give an overview of lessons 
learned related to changes in parking legislation in different EU 
member states. 

• Practical hands-on experiences will be shared by bus depot owner 
Multiobus and building/parking owner Nextensa.

Agenda



IEAHEV.ORG

Contact Details: Task Manager

• Carlo Mol

• VITO / EnergyVille

• Thor Park 8300 | 3600 Genk (Belgium)

• Tel : +32 492 58 61 24

• Email : carlo.mol@vito.be

• www.vito.be & www.energyville.be

• https://ieahev.org/tasks/49/

Task49 “EV Fire Safety”

mailto:carlo.mol@vito.be
http://www.vito.be/
http://www.energyville.be/
https://ieahev.org/tasks/49/
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Closing Event: 14/11/2024

Tour & Taxis

EV Fire Safety

Tim Van Dorpe – Energy Manager



HUME: EV Fire Safety

• Parking infrastructure @ Tour & Taxis

• Charging infrastructure @Tour & Taxis

• Extensions @ Esplanade & Park Lane I

• Fire department Brussels
• Request for preliminary approval

• Answer on request preliminary approval
• Antecedents

• Regulation

• Description

• Fire prevention measures already provided

• Advice

• Fire insurance company

• Environmental department Brussels
• Regularization of the environmental permit

• Fire insurance company



Tour & Taxis: parking infrastructure

Nextensa:

1 Esplanade Wapenplein 2 Niv 354
2 Koninklijk Pakhuis 1 Niv 298
3 Hôtel des Douanes 1 Niv   13
4    Park Lane I 2 Niv 918
5    Park Lane II 1 Niv 256
6    Lake Side 2 Niv 627

Other:

7     Building Green One (Cofinimmo) 77
8     Herman Teirlinck (Vlaamse Overheid)  311

TOTAL :      2.854 pp



Tour & Taxis: charging infrastructure

PARKING : NIV        PLACES CHARGING POINTS EXTRA
1 Esplanade 2 Niv 354 54 => +40
2 Koninklijk Pakhuis 1 Niv 296 70 => +35
3 Hôtel des Douanes 1 Niv   13 13 => +11                 
4 Park Lane I 2 Niv 918 96 => +40
5 Park Lane II 1 Niv 256 15 => +15
6 Maison De La Poste 0 Niv 6 6 => +6

7    Lake Side 2 Niv 627 design phase => TOTAL: 254

PARKING : NIV        PLACES CHARGING POINTS
1 Esplanade 2 Niv 354 14
2 2    Koninklijk Pakhuis 1 Niv 296 35
3    Hôtel des Douanes 1 Niv   13 2
4 Park Lane I 2 Niv 918 56
5 Park Lane II 1 Niv 256 0

6    Lake Side 2 Niv 627 design phase => TOTAL: 123

Charging infrastructure T&T 2025 (and later)

Charging infrastructure T&T 2024



Extensions @ Esplanade & Park Lane I
Existing EV-installation in Parking Esplanade: 14 charging points on 250kVA transformer

Future EV-installation in Parking Esplanade: 54 charging points on a 1.000kVA transformer



Extensions @ Esplanade & Park Lane I
Existing EV-installation in Parking Park Lane I: 56 charging points on a 400kVA transformer

Future EV-installation in Parking Park Lane I 96 charging points on a 1.000kVA transformer



HUME: EV Fire Safety

• Fire department Brussels
• Request for preliminary approval (aanvraag tot voorakkoord)

• Answer on request preliminary approval (antwoord op aanvraag voorakkoord)
• Antecedents: 

• Regulation: 

• Description: 



HUME: EV Fire Safety
• Fire department Brussels

• Request for preliminary approval (aanvraag tot voorakkoord)

• Answer on request preliminary approval (antwoord op aanvraag voorakkoord)
• Fire prevention measures already provided: 

• Advice: 



HUME: EV Fire Safety

• Environmental department Brussels
• Regularization of the environmental permit

• Fire insurance company
• Different requirements per company



EV Fire Safety: a few insights
Peter Vicca - Multiobus



EV Safety - Compartmentation

• Compartmentation/separation of 
vehicles:
oBy means of uninterrupted walls (fire 

resistance typically >2 hours), fire 
resistant doors need to be used in case. 
Emergency exits if completely closed 
area's

o1 meter overdimensioned compared to 
the dimensions of the vehicles

oBy means of space between vehicles 
(typically 10 meters)

oQuantity of vehicles per compartment 
depending on insured value

oWater curtains on the market; effective?



EV Safety – Fire suppression
• Sprinklers:

o Fast respons, water based, different types

o Expensive (requires independent setup), maintenance

• Foam suppression:
o Mainly used for fuel fires (avoiding oxygen supply)

• Water mist:
o Effectively used in tunnels, but effectiveness in open depot setup?

o Expensive (see sprinkler)

• Powder:
o Effective (ABC types of fires)

o Maintenance and collateral damage due to corrosive nature

• Fire extinguishers
o Local, small fire

o Depending on human involvement, limited amount



EV Safety – Fire suppression
• Batteries commonly used in buses are NMC and LFP types:

oNormal fire: oxygen – ignition – fuel

oBattery fire: reduction – oxidation reaction on the loose, highly exothermal

• Main cause for fire after damage (penetration), charging issues 
(although BMS should prevent this)

• NMC more susceptible to external damage

• LFP in casing can still explode when

gas formation exceeds LEL



EV Safety – Fire suppression



EV Safety – Fire detection
• Smoke detection:

oOptical (Photoelectric) or ionization 

• Heat detection:
oFixed temperature or Rate-of-rise heat detectors

• Flame detectors:
o IR, UV or combination of both

• Gas detection:
oDifferent types per detectable gas targeted

• Wired or wireless, connection with alarm station, camera monitoring 
combined, regulations (law or insurance), … but all activated once 
the fire has started



EV Safety – Fire detection
• BMS as a safeguard and predicting fire potential

• BMS functions; cell voltage, current sensors, temperature sensors 
work together to balance module and pack.

• Temperature monitoring as a predictive value for fire safety; 
detection of early thermal runaway
oCut-off charging process

oDisconnection of the battery pack

oWarning through central alert system for quick response team

oActivation of fire suppression system in time

• Autonomous on-board telematic system through 4G/5G connection



EV Safety



Fire – the unwinding process

• Roles of authority during the fire
oFire fighters, local authorities:

▪ Safety of the perimeter, neighbourhood, environmental impact, …

oPolice/department of justice:
▪ Arson investigation (loss of environmental permit, start of forensic process)

▪ Clearing activities can be started (consult with parties involved regarding removal)

o Insurance investigation/expertise:
▪ In agreement with all parties involved clearing of the premises, saving parts for

investigation, contradictional investigation with all parties.

▪ Involves site owner, insurance companies, constructors, bailiff, witness, …

• Complete documentation (photographs, video's, witness reports, 
maintenancy history, inspection reports, …) is mandatory



Multiobus fire October 2023



Fire – managing the evidence



EV Fire Safety

Disclaimer: The information provided in this presentation is intended
for informational purposes only and should not be considered as 
legal, professional, or regulatory advice. It may not reflect the latest
developments or standards related to fire safety or (bus) depot 
setups. Always consult with a qualified professional or refer to
relevant laws and regulations for authoritative guidance and
compliance.



Q&A Session

Moderator Prof. Johan Driesen – KULeuven / EnergyVille
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✓ 13u00-13u05: Welcome (VITO – CarloMol –Moderator)
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✓ 13u15-13u25: HUMEmeasurement sites: challenges/opportunities (VITO - Wim Cardinaels)

✓ 13u25-13u35: Charging ahead: Insights into EV driver behaviour and preferences (VITO - Guillermo Borragán)

✓ 13u35-13u55: Using smart charging to optimize parking and building energy flows (KULeuven - Klaas Thoelen & VITO - Jef Verbeeck)

✓ 13u50-14u10: Looking deeper into the charging hardware: electrical systems and operating efficiencies (KULeuven - Johan Driesen)

✓ 14u10-14u40: New insights in service and business models for EV charging (Blink Charging – Thais Lopez & MOVE – Jasmien Vanvooren)

✓ 15h30-15h50: HUME integrated architecture (VITO - Dominic Ectors)

✓ 15h50-16h30: An overview of the HUME demonstration sites

✓ Tour & Taxis (Brussels) (Nextensa – Tim Van Dorpe)

✓ EnergyVille1 (Genk) (VITO – Dominic Ectors)

✓ Multiobus (Tienen) (Multiobus – Peter Vicca)

✓ 16h30-17h00: What is the impact of “EV Fire Safety” aspects on your parking and building (VITO – CarloMol)

✓ Practical hands-on experiences will be shared by bus depot owner Multiobus and parking owner Nextensa.

✓ 17h00-17h30: Q&A (KULeuven – Prof. Johan Driesen)

✓ Questions can be sent in during the event via a QR-code and will be handled in the Q&A sessionmoderated by Prof. Johan Driesen (KULeuven)

✓ Presentations will be shared to all participants after the event



Q&A Session

Moderator Prof. Johan Driesen – KULeuven / EnergyVille



Agenda

✓ 13u00-13u05: Welcome (VITO – CarloMol –Moderator)

✓ 13h05-13h15: HUMEwithin the FLUX50 activities on collective energy solutions and flexibility (FLUX50 –Patrick Devos)

✓ 13u15-13u25: HUMEmeasurement sites: challenges/opportunities (VITO - Wim Cardinaels)

✓ 13u25-13u35: Charging ahead: Insights into EV driver behaviour and preferences (VITO - Guillermo Borragán)

✓ 13u35-13u55: Using smart charging to optimize parking and building energy flows (KULeuven - Klaas Thoelen & VITO - Jef Verbeeck)

✓ 13u50-14u10: Looking deeper into the charging hardware: electrical systems and operating efficiencies (KULeuven - Johan Driesen)

✓ 14u10-14u40: New insights in service and business models for EV charging (Blink Charging – Thais Lopez & MOVE – Jasmien Vanvooren)

✓ 15h30-15h50: HUME integrated architecture (VITO - Dominic Ectors)

✓ 15h50-16h30: An overview of the HUME demonstration sites

✓ Tour & Taxis (Brussels) (Nextensa – Tim Van Dorpe)

✓ EnergyVille1 (Genk) (VITO – Dominic Ectors)

✓ Multiobus (Tienen) (Multiobus – Peter Vicca)

✓ 16h30-17h00: What is the impact of “EV Fire Safety” aspects on your parking and building (VITO – CarloMol)

✓ Practical hands-on experiences will be shared by bus depot owner Multiobus and parking owner Nextensa.

✓ 17h00-17h30: Q&A (KULeuven – Prof. Johan Driesen)

✓ Questions can be sent in during the event via a QR-code and will be handled in the Q&A sessionmoderated by Prof. Johan Driesen (KULeuven)

✓ Presentations will be shared to all participants after the event



Closing Event - 14 November 2024 @ Tour & Taxis (Brussels)
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