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ABSTRACT
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The presence of electric vehicles (EVs) in households has paved the way to consider the ve-
hicle’s battery as a backup source through bidirectional charging. This technique, termed
Vehicle to Home (V2H) in conjunction with household photovoltaic (PV) installations, has
proven to relieve grid pressure during peak load, increase energy autonomy, and reduce car-
bon footprint. This study aims to perform a simulation of V2H systems using granular load
profiles to quantify the aforementioned potential benefits and estimate the payback period to
justify additional cost investment. Given that prior literature focuses on cars as the primary
electric vehicle, the feasibility of extending this model to small-scale electric vehicles such
as e-rollers is evaluated and confirmed through an experiment. Based on the experiment’s
findings, a survey is undertaken to assess the willingness of students and young professionals
to opt into such a model using a combination of plug-in PV installation and e-rollers enabled
with bidirectional charging. The survey shows a high degree of willingness from participants,
with requests to extend to e-bikes, which fit the ownership model better than e-rollers, which
are primarily rented.
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SYMBOLS AND ABBREVIATIONS

Units

kW kilowatt

kWh kilowatt hour

g gram

kg kilogram

W watt

kWp kilowatt peak

V volt

Hz hertz

km kilometre

Ah ampere hour

kWh/km kilowatt hour per kilometre

km/h kilometre per hour

gCO2-eq/kWh gram carbon dioxide equiva-
lent per kilowatt-hour

kgCO2-eq/kWh kilogram carbon dioxide
equivalent per kilowatt-hour

Symbol

ú euro

Abbreviations

AC Alternating Current
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AFIR Alternative Fuels Infrastructure Regulation

BEV Battery Electric Vehicle

CCS Combined Charging System

CHAdeMO CHArge de MOve

CO2 Carbon Dioxide

COP Conference of Parties

DC Direct Current

e-PMV Electric Personal Mobility Vehicle

EU European Union

EV Electric Vehicle

FERSI Forum of European Road Safety Research Institutes

G2V Grid to Vehicle

GHG Greenhouse Gas

HEV Hybrid Electric Vehicle

HiSim House Infrastructure Simulator

HP Heat Pump

MPPT Maximum Power Point Tracking

PHEV Plug-in Hybrid Electric Vehicle

PV Photovoltaic

RED II Renewable Energy Directive

RQ Research Question

SOC State of Charge

UK United Kingdom

UNFCCC United Nations Framework Convention on Climate Change

USB Universal Serial Bus
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V2B Vehicle to Building

V2G Vehicle to Grid

V2H Vehicle to Home

V2L Vehicle to Load

V2X Vehicle to Everything
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DECLARATION OF AI USAGE

Ilmoitus tekoälyn käytöstä

The use of AI in this research was carried out with careful consideration and within ethical
guidelines. Tools namely ChatGPT and Grammarly were used only as a supplementary aid.
The responsibility for the final content presented in this thesis lies solely with the researcher.

Table 1 outlines the AI tools used and their respective purposes:

Table 1: AI tools and their usage

Tool Usage
ChatGPT and Grammarly For supporting the writing phase, ChatGPT and Grammarly

were utilised in proofreading, reviewing and improving
grammar, text, and style of certain sections of the text to
ensure a more formal and academic tone. But researcher
decided the final review to maintain academic integrity.

I declare that all AI tools used in the development of this thesis are in line with the university’s
standards and guidelines. The information provided accurately reflects the extent and nature
of AI usage in this work.
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1 INTRODUCTION

The rapid adoption of EVs is already underway in Europe, with projected sales expected to
reach 4.83 million units by 2028 (Statista 2023). Burns et al. (2012) found that private vehi-
cles are parked around 95% of the time. This gives significant potential to leverage the idle
periods for alternative uses. In 2022, it was found that the households contributed to 26.9%
of final energy consumption in the EU, emphasising the energy demand within households in
the EU (Eurostat 2024b). With more and more households installing solar panels to leverage
renewable energy, there is potential to fully utilise the energy produced from solar panels in
the household itself rather than sending it to the grid for lower compensation. Thus, by using
the bidirectional charging capabilities of EVs (considering EVs as battery sources), house-
holds can reduce grid consumption by optimising the use of locally generated solar energy
in the household. This not only reduces grid demand but also reduces household electricity
costs and CO2 emissions. Sustainable energy consumption is of interest here, as it enables a
sustainable future with the additional advantage of cost-effectiveness for end-users.

Goal: This study aims to perform a simulation of Vehicle to Home (V2H) systems using
granular load profiles to quantify the reduction in total electricity cost, CO2 emissions and
estimate the payback period to justify additional cost investment. Through experimentation,
the feasibility of extending this model to small-scale electric vehicles such as e-rollers is as-
sessed. Furthermore, the study evaluates through a survey, the willingness of target segment
end users to opt into a model using a combination of plug-in PV installation and e-rollers
enabled with bidirectional charging.

1
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�Z�L�W�K �W�K�H �J�U�H�H�Q �P�D�U�N�L�Q�J �W�R �V�K�R�Z �W�K�H �E�L���G�L�U�H�F�W�L�R�Q�D�O �F�K�D�U�J�L�Q�J �D�V �D�Q �H�[�W�H�Q�V�L�R�Q �W�K�D�W �Z�D�V �L�P�S�O�H��

�P�H�Q�W�H�G �D�V �S�D�U�W �R�I �W�K�H �U�H�V�H�D�U�F�K�� �7�D�E�O�H�� �R�X�W�O�L�Q�H�V �W�K�H �V�S�H�F�L�I�L�F�D�W�L�R�Q�V �R�I �W�K�H�(�9 �D�Q�G �W�K�H�3�9�I�R�U

�H�D�F�K �R�I �W�K�H �K�R�X�V�H�K�R�O�G �S�U�R�I�L�O�H�V �W�R �X�Q�G�H�U�V�W�D�Q�G �W�K�H �V�L�P�X�O�D�W�L�R�Q �S�D�U�D�P�H�W�H�U�V�� �7�K�H �S�V�H�X�G�R �F�R�G�H �I�R�U

�S�H�U�I�R�U�P�L�Q�J �E�L���G�L�U�H�F�W�L�R�Q�D�O �F�K�D�U�J�L�Q�J �R�I �W�K�H�(�9 �Z�K�H�Q �L�W �L�V �D�W �K�R�P�H �L�V �S�U�R�Y�L�G�H�G �L�Q �$�O�J�R�U�L�W�K�P����

�$�O�J�R�U�L�W�K�P ���&�K�D�U�J�L�Q�J �D�Q�G �'�L�V�F�K�D�U�J�L�Q�J

���� �I�X�Q�F�W�L�R�Q�F�D�O�F�X�O�D�W�H�B�S�R�Z�H�U
���� �L�I�F�D�U�B�F�R�Q�V�X�P�S�W�L�R�Q> 0 �W�K�H�Q
���� �U�H�W�X�U�Q�F�D�U�B�F�R�Q�V�X�P�S�W�L�R�Q� � 1 . �7�D�N�H �R�X�W �F�K�D�U�J�H �I�U�R�P �W�K�H �F�D�U �V�L�Q�F�H �L�W �L�V �P�R�Y�L�Q�J
���� �H�Q�G �L�I
���� �L�I�F�D�U�B�O�R�F�D�W�L�R�Q6= �V�H�O�I���F�K�D�U�J�L�Q�J�B�O�R�F�D�W�L�R�Q�W�K�H�Q
���� �U�H�W�X�U�Q�� . �1�R �F�K�D�U�J�L�Q�J �R�U �G�L�V�F�K�D�U�J�L�Q�J �R�F�F�X�U�V
���� �H�Q�G �L�I
���� �L�I�V�R�F< �F�R�Q�I�L�J���E�D�W�W�H�U�\�B�V�H�W�W�K�H�Q
���� �U�H�W�X�U�Q�V�H�O�I���S�R�Z�H�U . �&�K�D�U�J�H �W�K�H �F�D�U �Z�L�W�K �P�D�[�L�P�X�P �S�R�Z�H�U

������ �H�Q�G �L�I
������ �L�I�V�R�F> 0:7 �D�Q�G�H�O�H�F�W�U�L�F�L�W�\�B�W�D�U�J�H�W< 0 �W�K�H�Q
������ �U�H�W�X�U�Q�V�H�O�I���S�R�Z�H�U� � 1 . �'�L�V�F�K�D�U�J�H �W�K�H �F�D�U �Z�L�W�K �P�D�[�L�P�X�P �S�R�Z�H�U �W�R �S�R�Z�H�U �W�K�H

�K�R�X�V�H�K�R�O�G
������ �H�Q�G �L�I
������ �U�H�W�X�U�Q�� . �'�H�I�D�X�O�W �F�D�V�H�� �Q�R �F�K�D�U�J�L�Q�J �R�U �G�L�V�F�K�D�U�J�L�Q�J
������ �H�Q�G �I�X�Q�F�W�L�R�Q
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�F�R�Q�G�L�W�L�R�Q�V �D�U�H �P�H�W�� �W�K�H �I�X�Q�F�W�L�R�Q �G�H�I�D�X�O�W�V �W�R �U�H�W�X�U�Q�L�Q�J ���� �L�Q�G�L�F�D�W�L�Q�J �Q�R �F�K�D�U�J�L�Q�J �R�U �G�L�V�F�K�D�U�J�L�Q�J

�D�F�W�L�Y�L�W�\�� �7�K�L�V �I�X�Q�F�W�L�R�Q �H�I�I�H�F�W�L�Y�H�O�\ �E�D�O�D�Q�F�H�V �W�K�H �F�D�U�¶�V �H�Q�H�U�J�\ �X�V�D�J�H�� �F�K�D�U�J�L�Q�J �Q�H�H�G�V�� �D�Q�G �W�K�H

�K�R�X�V�H�K�R�O�G�¶�V �H�Q�H�U�J�\ �U�H�T�X�L�U�H�P�H�Q�W�V �W�K�U�R�X�J�K �F�R�Q�G�L�W�L�R�Q�D�O �O�R�J�L�F �Z�K�L�O�H �S�H�U�I�R�U�P�L�Q�J �E�L���G�L�U�H�F�W�L�R�Q�D�O

�F�K�D�U�J�L�Q�J �R�I �W�K�H�(�9��
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