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« Off-Grid Charging System and its EMR »
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- Context and motivations-
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Global E-Bike’s growth

Europe E-Bike Market ’
Market Size Overview USD 42.35 T DEDC Buck
Billion ﬁ Solar PV array DC-DC Boost DC-BUS Converter
Converter —| |— LE Bikcl ,
DC p—' WL
usD DC 22 de
12.34% - -
Billion -
® o sl bc LE-Bike?
Y
Europe market CAGR, l : . DC
2025 - 2033 S 5
g : A pc|
2025 2026 2027 2028 2029 2030 2031 2032 2033 . E Lasu
Source: Market Data Forecast Analysis @ e DC E :
' ‘ 4 LE-BikeN
DC
- - LI-ION DC
Why Off-Grid Charging?
Lithium-ion DC-DC DC
Battery Storage Unit Bidirectionnal — 1
. . (BSU) Converter
* Reduce pressure on grid infrastructure + -

* Enable charging access in rural/remote areas
* Promote green urban mobility
» Support smart cities and energy autonomy

Off-grid Solar Charging E-Bikes’s system under study
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- Structural scheme of the E-Bikes’s charging system -
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- EMR and MCS of off-grid charging E-Bikes system -
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- Problem statement and objectives-
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1) Problem statement after studies

» Soddri eheng\s pleaiiérevaniglyility, variable yield)
» Temperature (overheating or under-performance)

» Stationary battery (ageing, thermal management, cycling)

» Byfem| gutonomay &sjorggenemanageanterdmy. user demand)
» Variat & restiasgig gdelaarahoveréimi@me

h Oversizing issues of the solar PV array and battery storage unit

2) Objectives

» Sizing methodology to promote the viability and feasibility of setting
up off-grid charging system
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- Solar potential based GHI data-
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2 sensible points: Global Horizon Irradiation (GHI) and Charging demand profile over the time

GHI for Winter Season (Max / Mean / Min) by City
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- Charging profile demand generation-
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2 sensible points: Global Horizon Irradiation (GHI) and Charging demande profil over the time
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https://www.iea.org/data-and-statistics/data-tools/electric-vehicle-charging-and-grid-integration-tool
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« EMR and Backward Modelling »
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- EMR of off-grid charging system for N E-Bikes -
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Assumptions:

System’s dynamic is neglected.
Efficiency of the power converters are considered

Control considered as ideal

Total energy demand for N E-Bikes is considered as consumption of all demand profiles

[Horrein 2018]
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- Backward modelling of off-grid charging E-Bikes’s system -
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Optimal Rules-based function EMS:

[pV_ref [.S'_pv_ref
- Maximizing the integration of the solar PV energy;
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Optimal Rules-based Energy Management Strategy

Static model based Backward of off-grid charging
E-Bikes’s system
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« Simulation Analysis and Discussions »
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Total battery energy
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N Battery decharge

EMR’25, Lille, June 2025

nd evening capacities step

the worst winter is in Lille 2023.

ion runing
noon,

ofnnipg,

Comparison of energies for the 48 cases of references

Some simplifications for simulat
Extrem cases: best|summ er is i Marseille 2007

variations of 5

6000
4000 [
2000
-2000 {—
-4000 {—
-6000

(Um) ABieuz




Assessment of Off-Grid Solar Charging System for E-Bikes

- Quick look about optimisation -
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- Conclusion and perspectives -
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Key points:
 Off-grid E-bike charging is feasible with correct system sizing

 EMR and backward modelling offer solid tools for system sizing and validation

* Trade-offs between cost, performance, and reliability must be balanced

» Challenges for developping a generic methodology for sizing

» Modular and scalable sizing adapted per case study

Perspectives:

« EMR and MSC for validation of sizing results and constraints

* Investigate hybrid systems (solar + grid or wind) for EV’s charging
« Expand to real-time deployment and Life Cycle Analysis (LCA)

» Explore scaling the model for fleet-level systems
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