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Introduction

There is currently much discussion surrounding the durability and performance of electric
vehicle (EV) batteries, as they are among the most critical and costly components of the
vehicle. A common concern is that frequent charging cycles could negatively impact the
battery’s lifespan.

To address these concerns, The Mobility House Energy - the leading expert in smart and
grid-integrated charging - and RWTH Aachen University conducted a joint study to examine
the long-term effects of charging processes, with a particular focus on Vehicle-to-Grid
(V2G) applications and their impact on EV batteries.

Raphael Hollinger
Managing Director of The Mobility House Energy
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Overview and
Objective

The main objective of the study was to analyze the
longterm effects of smart charging (V1G), bidirectional
charging (V2G), and immediate charging (IC) on various
battery cell types available on the market.


https://mobilityhouse-energy.com/int_en/knowledge-center/article/vgi-projects-of-the-mobility-house
https://mobilityhouse-energy.com/int_en/knowledge-center/article/vgi-projects-of-the-mobility-house




Methodology
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Simulation of Battery Usage
over a period of ten years based on empirical
aging models for the following scenarios:

« Smart Charging (V1G)

Smart charging optimizes the charging
process over time - taking into account
grid load, electricity prices, and individ-
ual departure times. The goal is to shift
charging into periods with more favora-
ble energy availability while keeping the
battery in its optimal charge range with
minimal aging.

In the simulation, charging takes place
at a constant power of 11 kW within de-
fined time windows. The state of charge
is managed to avoid prolonged periods
at high State of Charge (=amount of
energy stored in a battery in %, SoC).

« Bidirectional Charging (V2G)

With bidirectional charging, the vehicle
battery is not only charged but can also
be discharged into the power grid or
household grid when needed. The ve-
hicle serves as a mobile energy storage
system that can flexibly respond to grid
requirements or market signals.

In the simulation, charging and dis-
charging occur at 11 kW based on a
realistic driving profile. The charge
cycles (Depth of Discharge, DoD =
discharge depth in percent) are pre-
dominantly small (<30%) and remain in
the mid-charge range (20-80% SoC) to
minimize aging.

Immediate Charging (IC)

With immediate charging, the charg-
ing process starts immediately after
connecting the vehicle - at full charg-
ing power until the maximum state of
charge (90%-100% SoC) is reached,
regardless of price or grid signals.

In the simulation, this behavior was as-
sumed as the baseline and worst-case
scenario, since it leads to long periods
at high SoC, accelerating aging. Cy-
clical effects from full charging cycles
are also considered, with no optimizing
measures such as charge target limits
or scheduled charging being applied.

Taking into account:
» Calendar aging (i.e., aging over time)

» Cyclical aging (i.e., aging caused by
charging and discharging cycles)

=

Selection of Representative Automotive
Cells:

o Cylindrical cell (e.g. Tesla, Lucid, BMW,
etc.)

» Pouch cell (e.g. GM, Ford, Nissan, VW,
etc.)

» Prismatic cell (e.g. Nio, BYD, etc.)

A

Calculation of State of Energy (SOE)
profiles, based, among other factors, on
trading activities generated by the “multimar-
ket” algorithm - i.e., the marketing of energy
across multiple markets simultaneously.
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Smart Charging (V1G) significantly re-
duces aging by minimizing calendar aging
and avoiding long periods at high state of
charge.

After 10 years, V1G leads to a reduction in
battery aging of between 3.3 and 6.8 per-
centage points.*

This corresponds to a capacity gain of 1.8 -
3.6 kWh, or an additional 10.9 - 22.5 km of
range according to WLTP standards.

Taking current energy market conditions
into account, smart charging provides cus-
tomers with a monetary benefit of €2,000
-€4,000 over a ten-year period.

=

Bidirectional Charging(V2G) only has a
minimal impact on overall battery aging , as
the additional charge cycles occur predom-
inantly in the mid-charge range (20%-80%
SoC) and with small charge depths (<30%
DoD).

After 10 years, the additional aging caused
by V2G ranges between 1.7 and 5.8 per-
centage points.

This corresponds to a capacity loss of 0.9 -
3.1kWh, or 5.8 -19.2 km of range accord-
ing to WLTP standards.

Replacing this lost capacity would cost
approximately €100-€300 today, while

V2G delivers a monetary benefit of €6,000
-€10,000 to the customer over a ten-year
period.

Although V2G shows the highest aging over
ten years in comparison, this is based on

an above-average energy throughput from
grid-supporting operations in electricity
trading. The simulated V2G cycles do not
consist of full charging cycles but mainly of
smaller charging and discharging processes
in the mid-SoC range.

This structure allows for the monetization of
the battery — with a simulated added value of
€6,000 to €10,000 over ten years — while the
additional aging remains comparatively low.

=

Immediate Charging (IC) is the least favora-
ble option, as it does not allow for battery
monetization and simultaneously leads to
higher battery aging (and increased stress
on the power grid).

The increased aging in this scenario arises
not primarily from many charging and
discharging cycles, but mainly from long
periods at high state of charge. A consist-
ently high SoC significantly accelerates the
calendar aging of battery cells.”



Results

State of Health

O

Battery degradation
after10 years in %

17%

12%

21%

Reach after10 years in km

274

C)

292

264

Time (Days)

2

Financial benefit
after10 yearsin €

8000

3000

OI

Instant Charging (IC)
@ Smart Charging (V1G)
@ Bidirectional Charging (V2G)

10






Involved
Organizations
& Experts

The Mobility House Energy, ISEA Institute of RWTH Aachen
at CARL (Center for Ageing, Reliability and Lifetime
Prediction of Electrochemical Power Electronic Systems)

THZ MOSILITY HOUSZ )
Energy


https://mobilityhouse-energy.com/int_en/
https://www.isea.rwth-aachen.de/cms/%7Eojnv/isea/?lidx=1




Background

The investigation of battery aging in the V2G context helps to better leverage the advantages
of electric vehicles and renewable energy, develop economically viable and sustainable solu-
tions, and fully unlock the potential of V2G technologies.

Battery lifespan and reliability:

Batteries in electric vehicles have a limited lifespan, which is influenced
by charging and discharging cycles as well as other factors such as
average state of charge and temperature.

Optimizing V2G-usage:
A solid understanding of aging processes enables the design of V2G
services in a way that minimizes battery degradation

Grid stability and energy storage:
V2G systems have the potential to enhance grid stability and better
integrate renewable energy by serving as flexible storage solutions.

Development of Improved Battery Management Systems (BMS)
When BMS and energy market operators work in alignment, V2G
operation becomes especially gentle on the battery. Battery limits can
be better communicated and considered in energy trading.

Sustainability and environmental protection:
Longer battery lifespans reduce the environmental impact of battery
production and disposal. This is clearly reflected in the emission-reducing
effects of V1G and V2G: * V1G = -0.2 tCO,/EV/a

*V2G = -1.2 tCO,/EV/a







Additional
Information:

Vehicle-to-Grid Factsheet

Projects realized by The Mobility House Energy


https://cdn-website.mobilityhouse.com/0725_EN_Factsheet_V2G_The-Mobility-House_Energy_bb477ba0fb576687bc1b0496b1a6c77e.pdf?__hstc=182995961.d48015f5c4974205f197e4278318eb6e.1737354684085.1749194400651.1751544954354.17&__hssc=182995961.2.1753800634106&__hsfp=1760095131&_gl=1*1b83oh9*_gcl_aw*R0NMLjE3NTM4MDA2NjIuQ2p3S0NBand3cWZBQmhCY0Vpd0FaSmpDM3FvRXFELTg0VzFKdy1SVTZ2YS01YmRJbUdJaUJQVHp1dFduT0pyQV9NSUNucFMzSUdwS2h4b0NzQndRQXZEX0J3RQ..*_gcl_au*ODc1ODExNzAwLjE3NTMwODQzMDEuMTQ2MDY5Nzk2Ny4xNzUzMzQzOTYwLjE3NTMzNDQ3MDI.*_ga*MTU1NDQzMDkyLjE3MzY5NDg0NjA.*_ga_8JYS899Y5Z*czE3NTM3OTk5NTAkbzcxJGcxJHQxNzUzODAwNjgwJGoxMyRsMCRoMTE3NzQ0Mjg4
https://mobilityhouse-energy.com/int_en/knowledge-center/article/vgi-projects-of-the-mobility-house
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About The Mobility House

The Mobility House is shaping the future of energy and mobility.
Founded in 2009, the technology company operates worldwide from
Munich, Zurich, London, Paris, Singapore, and Belmont (CA).

About The Mobility House Energy

The business unit The Mobility House Energy integrates EV and
stationary batteries into the energy system — increasing flexibility,
maximizing value, and reducing CO, emissions. With its proprietary
technologies FlexibilityAggregator and FlexibilityTrader, the com-
pany controls, optimizes, and trades storage assets across multiple
markets. In 2024, The Mobility House Energy, together with Mobilize
(Renault Group) and Renault, launched the world's first commercial
Vehicle-to-Grid product in France.

For more information:
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The Mobility House Energy GmbH

St.-Cajetan-StraBe 43
81669 Miinchen

Tel. +49 89 4161 430 70
communication@mobilityhouse.com

mobilityhouse-energy.com
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Disclaimer

The contents of this white paper have been prepared with the
utmost care. However, we cannot guarantee the accuracy,
completeness, or timeliness of the information provided. All
content is subject to German copyright law. Any reproduction,
editing, distribution, or use beyond the scope permitted by
copyright law requires the prior written consent of The Mobility
House Energy
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https://www.youtube.com/user/ElectroDriveEurope

