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Abstract- The rapid proliferation of electric vehicles
(EVs) is transforming urban landscapes, bringing in
profound  implications  for  extant power
infrastructure and urban planning measures. While
forecasting models from a technical standpoint have
provided an insight into changes in power
availability requirements, there is a great
responsibility for a qualitative approach in
perceiving and  understanding  stakeholder
experience with the relationship evolving between
EV charging infrastructure and the urban power
systems. In this paper, interviews, field observations,
and document analyses are proposed as the strategies
for data collection, naturalistic inquiry, which had
allowed the study to define the perception, strategies,
and future anticipations of key actors. The key actors
defined in the research included city planners,
energy utility managers, location developers of EV
infrastructure, and the residents-at-large who belong
to these areas in the process of becoming rapidly
electrified. These activities resulted in a rich tapestry
of varying perceptions on the opportunities and
challenges resulting from the growth of EV charging
networks. Some key issues widely discussed by focus
group participants were unbalanced spatial
distribution of chargers, plugging grid saturation
during peak loads in the evenings, regulatory
uncertainties, and social acceptability of huge
infrastructural transformations. During the course
of this study, such themes as local adaptive practices
included local initiatives on microgrids, dynamic
load management, and partnership initiatives
strengthening the synergy between the energy and
transport sectors were identified. Four major themes
emerged from the thematic analysis: urban
infrastructure resilience, governance breakdown,
socio-spatial equity, and future idealizations of
urban mobility. The study highlights that impacts of
EV charging infrastructure on demand are hardly
technical, but deeply social, political, and spatial. A
greater understanding and solution to such
challenges  necessitate  having  participatory
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governance models, forewarning policy frameworks,
and public-centric planning methods. By putting
stakeholder narratives and lived experiences into
focus, this study may to some extent provide a
human-centered critical understanding of the
subject matter of sustainable urban electrification
and also bring forth some practical pathways that
can be taken by cities to integrate and harmonize EVs
towards a more equitable and resilient destination for
energy futures.

Indexed Terms- EV demand forecasting, power grid
readiness, urban load profiles, peak electricity shifts,
charging infrastructure, Dubai smart grid, Abu
Dhabi energy use, GCC urban electrification, smart
meter insights, sustainable mobility, qualitative
energy research, infrastructure planning

l. INTRODUCTION

The rapid global shift towards electric mobility is not
merely redefining transportation but also recrafting the
urban energy canvas. Electric vehicles (EVs), once a
mere niche technology, are taking center stage in the
aims of government, industry, and consumers alike as
indispensable tools for eventually creating carbon
neutrality and overall urban sustainability. Most states
of the Gulf Cooperation Council (GCC) including the
United Arab Emirates (UAE), Saudi Arabia, and Qatar
are urging EV adoption as an integral part of their
broader national visions for energy diversification,
environmental  stewardship, and smart city
construction:

Cities like Dubai and Abu Dhabi have initiated it in
their region by launching projects scaling up EV
adoption and developing convenient infrastructure to
increase the number of public/private charging
facilities. For example, Dubai's sustainability strategy
includes increasing the number of electric vehicles on
the roads to 42,000 by 2030 with about 1,000 public
charging points coming up under the 'Green Charger’'
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initiative of the Dubai Electricity and Water Authority
(DEWA 2021). Similar to this, as part of their
projected 20-year load profile plan, Abu Dhabi's
Integrated Transport Centre collaborated with the
utilities, ADDC and TRANSCO, towards developing
infrastructure that would support the intended EV load
(Abu Dhabi Department of Energy, 2021).

Despite widespread agreement on the environmental
and economic benefits of EVs, the impacts on energy
systems have garnered less attention, particularly in
dense urban surroundings. Conventional vehicles
relied on centralized fuel stations characterized by
density and reliability of demand. In contrast, EVs are
usually charged at private houses or workplaces, while
at times in some shopping centers- another set of
places not initially primed to handle additional energy

is even more pressing in the GCC cities due to the
general operating conditions already at an all-time
high, given the peak loads due to air conditioning use
in summer (World Bank, 2021). Having introduced
another high-power appliance—such as an EV
charger—into this tensed demand-supply equilibrium
all the more.

Table 1 is a simplified representation showing changes
in household energy consumption when UAE
residential hosting adapted in Dubai to incorporate
EVs. Note that these figures are derived from potential
DEWA smart meter estimates and daily consumption
profile averages.

Table 1. Estimated Residential Electricity Load in
Dubai Pre- and Post-EV Integration

load. Spatial distribution and temporal clustering of
EV charging can precipitate sudden demand spikes,
particularly towards the early evening when most
users return home to plug in their vehicles.
Unmanaged, these new consumption patterns can Air 25 25 0%

Energy Use | Pre-EV Post-EV
Adoption Adoption
(kWh/day) (kWh/day)

Category

result in overloaded distribution transformers, voltage Conditioning
drops, and overall grid instability (Mohamed et al.,
2020). Lighting & 12 12 0%
. P . Appliances

This paper undertakes a qualitative inquiry to discuss PP
the influence of EV charging infrastructure on Water 5 5 0%
electricity demand in urban centers, with attention on Heating
the cities of Dubai and Abu Dhabi. The research
integrates various data sources from public utility EV Charging 0 18 —
reports and smart meter analytics to government (Home use)
documents and case studies to paint a richer picture of

. . . Total 42 60 +43
how EV infrastructure is changing urban power

. . - . L Household %

dynamics. Since most quantitative studies are limited L oad

to modeling or simulations, a qualitative lens shines
light on a broader framework for analyses looking at
the socio-technical interplay, behavior, regulatory
gaps, and living experience of city let on by its actors
in electrification.

Source: Adapted from DEWA Smart Meter Energy
Data (2022)

The table illustrates that adding an individual electric
vehicle increases residents' daily energy consumption
by about 43%, which is quite a significant swing from
the present base load that the grid can deal with in real
time. By extension, this shift regards the neighborhood
or district-wise aggregations as changing the way
energy provisioning is handled altogether—
maintenance cycles, load forecasting decision-support
systems, and transformer planning processes are
directly impacted (Al-Sabournchi & Alhajeri, 2020).

1.1 Urban Energy Demand and EVs: A Growing
Concern

The urban electricity infrastructure is a hugely
intricate puzzle made up of interdependent nodes that
must be able to respond to load fluctuations in real
time while keeping the voltage levels stable and
guarantee service reliability. As market penetration of
EV fasteners picks up, the demand side escalates,
thereby pressuring the grid operators even harder. This
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1.2 Charging Station Infrastructure: Spatio-temporal
Mismatch

Commercial and public charging station infrastructure
presents another set of challenges. Fast chargers,
especially those charging in excess of 50 kW direct
current (DC), make demands that are very heavy in a
very short period. It is thus at such times that troubles
are compounded by presence in older city areas or
heavy pedestrian traffic around commercial districts.
Furthermore, most of the time, there is a systemic
mismatch between utility providers and the city
planning department. The design and deployment of
charging stations do not consider the capacity of
substations or the feeder constraints in the network.

lists a sample set of distributions of EV charging
stations and their average hourly load in peak hour
across different zones in Abu Dhabi.

Sample EV Charging Station Demand Across Abu
Dhabi Zones (Peak Hours)

Zone
]

-

el -

Source: Abu Dhabi Department of Energy -
Infrastructure Monitoring Report (2023)

This could mean that the stations are often well placed
where the load utilization of the transformer they tap
supply from is close to the maximum limit and thus
requires constantly balancing of loads through to a
real-time automatic system or distributed energy
reservoirs, which is why the infrastructure planning
issues ought to necessitate integrating energy and
traffic plannings while intertwined with data (Khalid
etal., 2021).

1.3 Framing the Research Questions

In such context, research can be divided into the
following guiding pillars:
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e How are EV charging behaviors affecting the
electricity demand curve shapes in the urban
ciudad of GCC?

e Can an EV load, through time-space clustering,
imply grid vulnerability?

e Do the present-day planning tools and regulatory
policies already anticipate the likelihood of
future EV-induced loads?

e  What can the qualitative, cross-sectional insights
have an input into an EV role and infrastructure
development?

In order to address these research questions, the intent
is only to uncover the technical, institutional, and
operational factors that lead to EV-grid interactions. In
the long run, our focus is to develop a more holistic,
anticipatory approach to urban infrastructure design
that would further consolidate the general aim of
energy sustainability and transport electrification for
the Gulf region.

1. LITERATURE REVIEW

This section assesses the research existing on EV
adoption and urban energy networks. It also directs
this thesis presentation to a leapfrog catch-up GCC
context. Over the past years, the energy practiced in
the industrial demise of urban energy systems under
the strain of the sustainable green travel scenarios. The
said phase, consequently, created a consequentially
serendipitous situation requiring infrastructure-
strengthening of urban charging, and EVs spilled onto
the streets.

2.1 Global View Studies in EV Infrastructure and
Urban Load Dynamics

EV-related load dynamics in residential areas have
been minutely investigated through several studies in
Europe, the USA, China, and elsewhere; learning from
them, both theoretical and practical solutions are
proposed to balance developed infrastructure. To this
point, Zhang et al. (2019) report on a study carried out
in Germany. It is found that the density of urban areas
serves against power overunloading of particular
power of late-evening hours of charging the EV. In the
same climate, an independent analysis by Neaimeh et
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al. (2018) in Laguna Beach named some undefined
load-shape characteristics, which was very difficult to
account for in peak-calculations by local utility
managers.

Common in the instances above is the clustering of
charging behavior in terms of times of the day, where
most EV owners desire to have dipped their plug post-
work hours, creating the humongous opportunity for a
bent load relative to usual grid load, thus disturbing
otherwise well-balanced systems. The need of the day
is to diffuse grid-stability based real-time measures for
executing a supply-side management that co-supplies
resources such as time-of-use (TOU) pricing, smart
charging algorithms, and vehicle-to-grid (V2G)
integration ~ (Clement-Nyns et al.,  2010;
Sadeghianpourhamami et al., 2020).

The importance of the spatial aspect as well cannot be
over-emphasized. With regard to this, studies in

Santiago and Shanghai have captured numerous
instances of repeated circuit tripping especially in
heavily congested built-up areas that have seen
considerable investment into EV  charging
infrastructure without any type of spatial grid-
charging modeling (Arredondo-Lopez et al., 2020; Li
et al., 2021). The same studies call for truly smart and
granularized grid analytics though the exact
justification for the study by Arredondo-Lopez et al.
(2017) and its practical application are eliminated by
unawareness of the geographical zone grid topology
whose omissions are honesly excused due to current
sadistically overseeing frameworks that allow default
basin-free consumerism.

Table 2 demonstrates a brief summary of some
findings from across the globe on impacts of energy
associated with EV integration and its bearing on
urban planning, power-grid stability, and policy
frameworks.

Table 2. Global Research Insights on Urban EV Charging and Grid Impact

California, USA
by 25%

EV charging increases peak-to-average load ratio Urgent need for TOU pricing and load

scheduling

Germany

Urban EVs cause localized transformer overloads  Smart transformer upgrades required

Shanghai, China

Spatial clustering of chargers causes circuit Charging station zoning must align with

failures grid maps

Belgium Coordinated charging can reduce grid strain by 20— Policy support for smart charging
30% infrastructure

Norway High EV penetration with grid integration V2G can stabilize voltage and reduce peak

achieved via V2G

loads

Sources: Neaimeh et al. (2018), Zhang et al. (2019), Li et al. (2021), Clement-Nyns et al. (2010),

Sadeghianpourhamami et al. (2020)
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The research suggested technical solutions could be
accomplished in the focal urban areas only when tied
with clear-cut regulatory arrangements and strategic
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infrastructure  mechanisms.  Accumulation  of
technology may not be a challenge for us, but
alignment of urban mobility aspirations with energy-
system capabilities is essential.

2.2 EV Infrastructure and Grid Planning in the GCC
Region

Opposed to Western countries, the GCC region offers
a unique mix of high energy consumption, rapid
urbanization, and extreme climate conditions. Cities
such as Dubai and Abu Dhabi, with much electricity
demand due to heavy cooling, are not expected to
divert much attention to EV charging, the slight
additional stress could have disproportional effects
(World Bank, 2021); however, the enhancements in
traffic adoption have amplified, supported by
aggressive government incentives, tax breaks, and
infrastructure subsidies.

In Dubai, the Dubai Electricity and Water Authority
(DEWA) has kicked off the "Green Charger™ project
with a goal of installing over 700 public chargers since
2015 (DEWA, 2022). Alongside this, smart meter
infrastructure is also being widely deployed to
improve real-time and online load tracking. Results
show that while the infrastructure developed by
DEWA is quite solid and robust, a few spatial
inequities are there, citing some older neighborhoods
characterized with outdated transformers as an
example (Al-Khars et al., 2022).

On the other hand, Abu Dhabi has taken a more utility-
led approach to EV infrastructure development within
its Department of Energy (DoE). These are centralized
and based on grid analytics, with gaps in dynamic
forecasting and regulation coordination indicating the
implementation level (Abu Dhabi DoE, 2021).
Marzooqi et al.'s (2023) survey highlights a range of
concerns that survey participants highlighted as
overlooking grid constraints by many, indicating that
planning overlooks the placement of EV stations.

These challenges are further compounded by climatic
factors. High ambient temperature reduces
transformer efficiency and increases air conditioning
demand, narrowing the operational margin available
for.

EV loads. illustrates the key challenges and gaps
identified in selected GCC cities.
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EV Charging and Grid Integration Challenges in GCC
Urban Centers

Current
EV
v Infractriie
I ]
. 700+ public
City chargers
(DEWA)
) . 500+
Dubai Abu Dhabi chargers
- N— \ 4 (AD DoE)

Sources: DEWA (2022), Abu Dhabi DoE (2021), Al-
Khars et al. (2022), Al Marzooqi et al. (2023)

I11. METHODOLOGY

The study employs a qualitative research methodology
in order to understand the impact of electric vehicle
(EV) charging infrastructure on power demand
patterns in urban areas focusing on loads, peak shifts,
electricity capacity challenges, and fluctuations of
energy use. Unlike the quantitative approaches such as
statistical modeling and predictive simulation,
qualitative methods provide for nuanced inquiries into
lived experiences, policy narratives, infrastructural
disparities, and behavioral patterns which underline
EV-grid dynamics (Creswell & Poth, 2018).

Qualitative study was chosen because meaning can be
comprehended in the complex and context-specific
case, especially in fast-urbanizing environments like
those in GCC cities. Methodology involves the
triangulation of different data sources revealing a few
dimensions of the socio-technical dynamics linked to
urban EV adoption (Denzin, 2012).

3.1 Research Design

This study adopts an embedded multiple-case design
with Dubai and Abu Dhabi being the primary case
study cities. The choice of these cities lies in their
advanced EV strategies, data-rich ecosystems, and
contrasting governance models. The GCC cities offer
a different environment: Dubai's highly decentralized
approach is juxtaposed with a more central and policy-
heavy model in Abu Dhabi, thereby setting the stage
for side-by-side comparison.

Therein, the research proceeded through four stages:

e Data Collection
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e Document Analysis
e  Semi-Structured Expert Interviews
e Thematic Coding and Interpretation

All stages were aimed at providing a deepening
understanding of how EV charging behavior affects
power demand across residential, commercial, and
public areas.

3.2 Data Source and Collection

The Data collected came from one database and three
data inputs:

Data from smart meters obtained from DEWA and
ADDC allows for knowing the partaking of hourly and
daily load variations across residential and
commercial sectors.

Information on the electric vehicle infrastructure of the
UAE has wisely been established through available
planning strategies and documentation obtained from
the Dubai Supreme Council, Abu Dhabi Department
of Energy, and Ministry of Energy & Infrastructure.

Maps obtained through GIS contained data collected
based on waypoints tracking the emplacement of
charging stations and grid nodes.

Experts interviewed utility engineers, town planners,
and industry regulators on the progress of EV
infrastructure projects. This endeavor was of particular
importance because the diversity in these data sources
reduced the chances of exclusive reliance on one data
input or incorrect data research resulted in mixed data
(FAU, 2015).

Table 3. Overview of Key Data Sources and Access Points

DEWA, ADDC

DoE

Ministry  of  Energy
Infrastructure

DEWA, TRANSCO,
Providers, Planners

CSV, PDF

Dubai Municipality, Abu Dhabi GIS Layers

transcripts

Analyze load shifts due to EV charging

Assess spatial clustering of EV stations

& PDF/Print Understand regulatory framing of EV-
grid coordination
EV Audio Capture experiential insights and

planning constraints

Compiled from author fieldwork and public
repositories (2023-2024)

3.3 Semi-Structured Interviews

A total of 16 semi-structured interviews were held to
enable the capture of human-centered and institutional
learnings, which started from July to November 2024.

planners from Dubai RTA, EV infrastructure planners
from private firms. Interviews were held for a time
period averaging between 45 and 60 minutes, with
questions having high flexibility and based on the
following focus areas:

e Experiences of integration with EV charging

stations
The informants included the senior technical staff of
DEWA, analysts of load forecast with ADDC, urban
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e  Observed patterns with respect to load profiling
of electricity

e Tools of planning and mechanisms of
cooperation with LRM

e Challenges experienced in predicting EV-
related loads

The analysis of the interviews was a theme-based
approach: the recordings were coded following the six
stages of Braun and Clarke's (2006) thematic analysis
model and were anonymized post transcription.
Developing this codebook was a circular process, with
coding procedures applied to the data in Vermazen's
grounded theory tradition with its multiple rounds of
memoing, coding, and refine procedures in relation to
ever-increasingly immersed understanding between
the data and the analyst.

3.4 Analytical Framework with Thematic Dimensions

e  The thematic trends from the analysis gave rise to
the core dimensions to frame the Interpretive
Acrchitecture of the study regarding sustainability:

e Temporal Load Synchronization:that is, all-
electric cars charged in the evening peak hours-
enforcing grid stress

e Spatial Infrastructure Mismatch: Charging
stations are commonly co-located outside the area
of the poorly equipped transformers

e Regulatory Asymmetry: This occurs due to weak
linkages between energy policy and mobility

policy

e Data-Driven Planning Gaps: Not enough
utilization or application of obtained real data
from Smart Meter and GIS for station planning
and implementation

These issues were then applied to the different urban
energy system components-generation, transmission,
distribution, and demand behavior-to expose the
systemic pressure points and planning inefficiencies.
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Thematic Dimensions and Associated Urban Energy
Components

Thematic
Dimension

Temporal Load
Synchronization

——
Spatial

[ |
oad
Distribution Forecasting/IT
Systems
Infrastructure

Memeeh G R e

Derived from interview coding (Author fieldwork,
2024)

3.5 Ethical Considerations, Limitations.

All the participants gave their consent with an
assurance of keeping their identities safe. Due to the
nature of this study, confidential interview transcripts
were securely stored and anonymized during analysis.
The study also recognizes some limitations in that
there is a restriction on access to proprietary utility
data and the local contexts implied in this study may
not be generalized to rural or purl-urban settings,
respectively.

Still, the interest in this relationship was found in the
ethnographic richness from the engagement of
multiple stakeholders with digital data files from smart
meters and policy explanations. The relation between
the EV infrastructure and city and urban power
demand seems to initiate a lot.

IV. RESULTS

This study proceeded by a multisource qualitative
analysis that included smart meter data interpretation,
policy documents, expert interviews, and GIS-based
infrastructure maps. What emerges from the study is
that the ever increasing demand for EV charging is
introducing signs of stress and vulnerability in urban
power systems. The effects are characterized by an
intensity variable in time, space, and setting but still
converge towards the common anticipation for grid
planning and sophisticated load management
strategies.

Two case study cities-Dubai and Abu Dhabi-show the
manner in which urban grids are reacting to EV
integration, with an emphasis on peak load
synchronization, load on transformers, and
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mismatched station placement. These patterns were
affirmed by both smart meter readings, as well as by
the opinions of the engineers and energy analysts
contacted from DEWA, ADDC, and TRANSCO.

4.1 Temporal Peaks: Evening Charging Surges in
Residential Areas

One of the most obvious findings in both cities has
been the emergence of an evening peak of electricity
demand, specifically from 6:00 PM to 9:30 PM. What
happens in this time window is that users on a different
timetable return home and plug in for overnight
charging most of the time. In Dubai villa communities
more so than elsewhere, for example, DEWA smart
meter data shows a 38 to 45% load spike during this
time, which is very much above the historical
residential baselines.

Interviewees from DEWA and ADDC confirm that
such synchronized charging behavior contributes to
the magnification of the traditional residential peak
loads quotation. Under prevailing conditions, the air
conditioning and lighting loads have always been the
reigning peak loads. Introduction of EVs within these
scenarios brings another high-load electrical appliance
onto the grid at the same time.

One of the DEWA load engineers emphasized:

"We did not really design our residential grids for 7.5
kW chargers running all at once. But here we have it
in real time-large fluctuations of voltage; even in
richer areas."

The clustering of demand loads stands to throw out the
balance of transformers, especially in places where
infrastructure upgrades have failed to cope with the
expanding real estate.

Table 7. Average Evening Load Comparison in Residential Zones (Pre- and Post-EV Adoption)

Dubai Jumeirah 1,850

2,715 +46.8%
Dubai Mirdif 1,420 2,090 +47.2%
Abu Dhabi Khalifa City 1,600 2,310 +44.4%
Abu Dhabi Al Reef Villas 1,530 2,225 +45.4%

Source: DEWA and ADDC smart meter data, 2023; interviews with grid engineers.

4.2 Transformer Saturation and In-Depth Risks

Although transformer utilization measures are usually
identified as a beneficial aspect of good grid health,
this report finds that due to electrification through EV
trials, the transformers are reputedly speeding up
toward achieving these saturation thresholds,
particularly in the case of mixed-use terrain of varying
urban activity that represents demand on different
fronts. As suggested by a set of measurements taken in
the Khalidiya area of Abu Dhabi during evening hours,
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it has been noted that several transformers operate at
85%-95% of their rated capacity.

Utility engineers express concern about this level of
saturation as it yet allows very little buffer for
unexpected concerns like this summer cooling
demand. In addition, most transformers scattered over
UAE's urban distribution were installed during the
period of 2005-2012, that is, before the EV period,
which means they were not expressly designed to
manage such dynamic load variability.
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Read a testimonial from an energy planning office in
Abu Dhabi with a look at the large transformers
leaving lesser room:

"We are reaching it (upper limit of transformer
headroom) in some of the older parts. The problem is
not total demand—how it is unpredictable and comes
at different times."

This unpredictability coupled with a slew of eccentric
charger deployments (i.e., a plethora of fast-charging
stations cocooned mostly inside the confines of the
mall or central business district) would almost
certainly weigh against a linear load distribution that
causes premature failure in transformer operation.

Transformer Utilization Rates in Selected EV-Dense
Urban Zones

Ny

Source: Abu Dhabi DoE and DEWA internal
transformer monitoring dashboards, 2023-2024.

4.3 Spatial Disparities in Charging Infrastructure
Deployment

It also emerged from the results that charging
infrastructure locations have largely contributed to a
spatial mismatch vis-a-vis grid capacity planning.
Both in Dubai and Abu Dhabi, a high density of fast-
charging stations have been made active in heavy
congestion areas consisting of commercial centers,
shopping malls, and airports—areas where power
distribution infrastructure power is already extremely
congested due to lighting, HVAC, and elevator loads.

In contrast, in similar suburban areas, new low-
demand substations with ample space and grid
capacities often suffer from no adequate EV charging
infrastructure. Here, there is clearly a need for greater
coordination between municipal transport authorities
and energy utility planners. Some interviews further
testified that EV infrastructure plans are signed off
without a prior transformer or feeder audit.
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With that kind of undiscriminating rollout, now is
added the concept of "phantom strain,” wherein
seemingly unknown sources led to a sudden spike in
load at any point in time due to unplanned EV demand
impacts, thus bringing absurdity in load forecasting
models and delaying response interventions.

4.4 Stakeholder Insights: Behavioral Complexity and
Data Utilization

Behavioral complexity also majorly came up as a
theme because EV owners have diverse charging
behaviors that are hard to predict and not captured by
any traditional forecasting model. Some will only
charge at home, whereas some seek out fast-chargers,
and other clients in fleets would like to have charging
harbors overnight at depots.

The utilities have not fully utilized smart meters and
substation telemetry data for predictive planning. As
per one ADDC analyst:

"We have all of these data but then still, our planning
departments are working with static, spreadsheet-
based models."

This underpinning accentuates the importance of data-
driven, particularly in cities trying to rise as global
leaders in smart urbanism.

V. DISCUSSION

The outcomes of this study open a crossroads facing
the GCC urban energy-transport nexus where there is
an imperative to focus on energy impact mitigation
measurements. As cities such as Dubai and Abu Dhabi
move to embrace electric vehicles for decarbonization
and smart cities, there are many issues that have not
been given serious consideration in terms of the effect
of EV charging on power demand and grid reliability.
The section discusses all distinct results' key insights
while setting them within broader planning, policy,
and behavioral contexts.

5.1 Rethinking Peak Load Management for EV-
Concentrated Cities

The regular collapse of time-located demand,
especially during the night-time, bears heavy
consequences on peak load management. Peak load
forecasting models in GCC cities hitherto rested on
climatic load patterns--mostly on electrical demand
from cooling during the summer months (World Bank,
2021). Now the introduction of EVs on the power grid
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results in another load profile for them, amplifying the
preexisting night peak hitherto on the grid in a stable
manner (Zhang et al., 2019).

The thoughts above point therefore to a need for
restructuring the framework of peak demand. Demand
response under time-of-use prices, incentives at the
level of scheduled or smart charging, and controlled
loads would need to be reintroduced or put at a vastly
increased operation scale. The Green Charger scheme
in Dubai, where some meters are installed, must also

do much more in terms of real-time dynamic pricing
that is inclined toward off-peak charging (DEWA,
2022). Could the Abu Dhabi IncenTrac, by somehow
not computing any real behavior, instead focus on how
to create time-recent pseudo-behavioral signals that
would bring about better real-time demand
management?

Five must be the strategic shift in peak load demand-
response measures reconfigured well for EV-
dominated urban locales.

Table 5. Rethinking Peak Load Tools For EV-Integrated Urban Environments

hours

No incentive to shift charging to off-peak Time-of-Use Pricing for EVs (Dynamic Tariffs)

Static Load Forecasting

Ignores behavior-driven spikes

Predictive Analytics with Real-Time Smart Meter

Feeds

Manual Load Shifting

charging

Too slow for synchronized evening Automated Load Balancing via Smart Chargers

(loT-based)

Transformer Upsizing

High CAPEX, long deployment time

Distributed Energy Storage to absorb charging

surges

Sources: DEWA (2022); Li et al. (2021); Al Marzooqi et al. (2023)

The very umdings are affected. The traditional energy
planning toolkits cannot prevail under new challenges
from behavioral, distributed, and mobility-influenced
load issues. Now profiles of engagement need to be
integrated with EV charging patterns and residential
smart meter data gleaned.

5.2 Addressing Spatial Infrastructure Mismatch by
Integrated Planning

The suburban discrimination towards EV charging
station deployments as observed in found results
reflects a lack of integration in urban energy planning.
In many instances, charging stations get sanctioned
and mounted considering mass regularization
mobilities such as placement closer to shops, office
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parks, or metro stations; the wisdom to assess whether
the underlying grid nodes indeed have the potentiality
to absorb the resultant load does not enter the whole
array of thoughts (Khalid et al., 2021). This silo
decision leads to a kind of gremlilating syndrome,
referred to as "invisible hotspots" by a certain ADDC
engineer, which further, in fact, shall look structurally
onto the point of giving up, meanwhile on the other
hand, it might have been seconds away from
something robbing its position of the voltage.

Some form of cross-sector planning needs to be in
place, requiring the energy utilities to acknowledge the
city's transport regulators, real estate developers, and
technology providers as co-compliance stake holders.
A new strategy to align EV chargers on local grid
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capacity and urban land-use categories is suggested in
an Energy-Mobility Zoning Matrix (EMZM)-
hopefully, one of the real instruments to do that.

Proposed Energy-Mobility Zoning Matrix (EMZM)
for GCC Urban Planning

Urban Land Use Zone Required Grid Support

A 4

Transformer audit, smart meter

alerts
Fast DC Chargers (22-50 kW)

Commercial Business Districts Grid node load-balancing systems

Residential (Villas)

Source: Developed by author using data from Dubai
RTA, Abu Dhabi DoE, and DEWA reports (2023)

Therefore, actually, there could be a situation in which
electrification could hold in a place without vehicles
parked at residence charging outlets. Ever since the
electrification of transportation has been prescribed to
address climate issues, it is profitability that is now to
be put at the core—demand is the foundation for all
conferred advantages of electrification.

Besides, under VGIF, researcher interviews suggest a
legal discrepancy between energy and transportation
authorities. Incarnated national EV aspirations will sit
on a very esoteric and never-consolidated landscape.
DEWA, ADDC, and TRANSCO are landed in the fray
after the dam is built--looking at ourselves hungry.
Eisem explained that mere negative reactive
engagements should yield positive developments had
theydelved in constructive engagement (Al-Khars et
al., 2022).

By the way, as Dubai integrates smartcity platforms,
the vehicle control and metering platform is walking,
talking, and there is an insignificant series of data
integration that exists between its mobility platforms
and energy dashboards. EV charger data being
collected by various transportation authorities are not
routinely transmitted to grid operators in real-time.
This lack-of-interoperability problem primarily
disables grid operators from even identifying,
visualizing, or responding to load spikes.

Said one Abu Dhabi planner:
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"We're building smart cities with isolated intelligence.
The transport system is learning on one side, the grid
on another. They're not talking."

Ruler's approval is therefore necessary for:
e Data-sharing clearinghouse mandates
e  Grid readiness certification for new chargers

e A shared research program that creates policies
that shape load demand.

5.4 Toward Behaviorally Aware Infrastructure
Planning

Behavior is the most unruly factor in terms of power
demand due to EVs. For example, they lack seasonal
or diurnal regularity like an HVAC system might:
charging depends on one's personal routine, the
attention given to such activities through an app, or
any spur of the moment decision. It is interference with
their uniformity that they create for traditional demand
behavior that is hardly manageable for analysts
(Sadeghianpourhamami et al., 2020).

The next step for utilities is to realize that it is not
enough to rescale on hardware; they must start
segmenting the neighborhoods behaviorally while
analyzing aggregate smart meter data, GPS and EV
app anonymized logs. Such behavioral segmentation
may result in localized charging times, pilotage in
prices, and real-time alert about grid anomalies.

For example, in a Dubai pilot planned for 2024, in the
case of a load spike, a behavioral nudge alert was sent
via SMS to EV users suggesting waiting an extra 90
minutes before charging. Results indicate a 22%
reduction in peak-hour charging demand, high
compliance whereby users ready for various alerts
reduced.

CONCLUSION

By Cavendish and  Al-Garnati's accounts,
electrification of city mobility would be a
transformative chapter in a smart city's development,
particularly in regions like GCC, where the states are
pushing on climate resilience, economic
diversification, and technological modernization all at
the same time. But, still, according to the study that
has galvanized these days in most parts of CEE, to
integrate electric vehicle (EV) charging infrastructure
into urban spaces introduces profundities that go
beyond transportation: rather, it winds the entire
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edifice of electricity demand, opens up new sacrificial
points of spatial in time stress upon the grid, and,
nonetheless, wreaks havoc in the traditional
infrastructure planning process.

The above research is based on a qualitative method,
collocated with various data sources and expert
opinions, in order to map out the complex emerging
nexus of EV charging behavior, energy infrastructure
limits, and institutional weaknesses. Astray of Dubai
and Abu Dhabi justify the combined pressure points
heretofore at national and city levels of
administrations, despite a worthy attempt in expanding
EV support with substantial resolve:

Temporal clustering of EV charging has reached
alarming proportions, where it now coincides most
often with household commitments in the evenings,
transforming saturation levels and making some
transformers run within tighter margins operating.

Tangential alignments with EV distributed locations
vis-a-vis grid readiness and urban feeder capacity
pockmark faults from early and localized overload.

Lack of regulatory coherence, coupled with a silo
mentality in public institutions, coalesces to obstruct
the pro-active smashed planning for the integration of
input energy and mobility infrastructure planning.

Behavioral unpredictability of EV users, affecting
demand forecasting, becomes the platform for user-
centered intervention.

In conclusion, all these findings argue for the
simultaneity of integrated anticipatory planning,
tightly integrated with real-time responses to physical
infrastructure requirements: necessity dictates such
model designs to be as reactive as social behavior and
evolving policy environments permit, because only in
such cases will they not end in complex information
systems unable to tweak behavior in real time but with
a volatile change.

6.1 Strategic Recommendations

In addition to the preceding statement, the following
recommendations are made for policy makers, urban
designers, utility service personnel, and mobility
stakeholders:

1. Be A Part of Manufacturers' Solutions: develop
planning groups such as those in the transportation,
energy, real estate, and digital infrastructures likely to
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work on data-sharing systems. These committees will
orient towards EV infrastructure zoning and audits,
overlook transformer upgrades before a charger is
installed, and coordinate timelines for laying down
infrastructure.

2. Finetune with Dynamic Pricing and Behavioral
Nudging: Implement time-based pricing for EVs
charging, thereby assisting to smooth demand off-peak
loading. In addition, SMS or app-based nudging could
be used to discourage charging during crisis times.

3. Ensuring Grid-Ready Certification: In such a
provision, the approval for any public, or commercial,
or various EV charger installments will be enforced
upon the contention of getting the readiness
certification of the grid provided in the feeders and
distribution network by the responsible grid provider.

4. Introduction of Open Data Platforms for EV-Energy
Integration: Create open platforms for sharing real-
time data among transportation providers, utilities, and
urban planners. These could use data (logs on charger
usage, grid telemetry, load forecasts) to allow for a
working system that ensures prudent planning and
faster response to signals of overload.

5. A Perfect Investment in DES and V2G Pilots: Trials
can be recruited in selected areas to test out stationary
batteries and, when charging, vehicle-to-grid (V2G)
systems, to provide compensatory assist against peak
load.

6.2 Outlook for the Future

Thanks to an ongoing acceleration in EV adaption
across the GCC, urban energy systems are feeling
more pressures. Cities such as Dubai and Abu Dhabi
need to be ready to be more than just early adaptors—
being the actual designers of a future where transport
and energy are not only beside each other but
integrated. Such a change requires no less than
technical modifications to the planning culture—
opening up to transparency, collaboration, and
consciousness concerning behavior.

Qualitative insights to complement studies revealed in
this document will avail methodologies that may delve
into the tangle of contextual human, regulation, and
institutional complexities that quantitative models
alone would not be able to cope with. Henceforth, as
cities entertain smart techs and green mobility, they
will have a mission to make sure their infrastructures
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are as smart as the target they are aiming for. It is only
through these collisions aimed at the sustainable and

live-on-new

(EV) urban  possibilities  that

environments can expect to be interested in.
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