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Mega Sporting Events (MSEs), such as the Olympic Games and FIFA World Cup, attract
worldwide interest but produce extreme environmental and resource management
difficulties owing to the large infrastructure requirements, short project cycles, and large
number of spectators. Increasing demands for environmentally sustainable behavior have
made sustainability one of the primary focuses of event organizers. To investigate the role
of Al in sustainability outcomes in Mega Sporting Events, this study uses a systematic
scoping review. The PRISMA-ScR guideline is used in this study to collect data from
literature in various databases such as Scopus, Web of Science, IEEE Xplore, Science Direct,
and Google Scholar. The databases were searched using the terms "Artificial Intelligence,”
"Machine Learning," "Mega Sporting Event" "Sustainability,” "Energy Management,"
"Crowd Management," and "Waste Reduction." English-language documents from 2010
through 2024 were selected, including only verified peer-reviewed studies and reports
regarding sustainability practiced by Al. The analysis found that there are four different
domains of Al applications in sustainability in Mega Sporting Events related to "Energy
Efficiency by Predictive Controlling," "Mobility & Crowd Flow Optimization," "Circular
Procurement & Waste Management," and "Risk Resilience by Predictive Maintenance." The
results show that Al can make significant contributions towards reducing overall "Energy
Consumption,” "Congestions,” and "Generation of Waste,” as well as increasing
"Resilience." Nevertheless, these should be properly implemented by "Clear Governance &
Collaborative Stakeholder Engagements." Based on these investigations, it is suggested
that there should be an "Al-for-Sustainability” (AI4S) framework used in future Mega
Sporting Event planning.
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development as a universal agenda that inspired
future event organizers. Sustainability frameworks
today align with the United Nations Sustainable
Development Goals (SDGs), in particular SDG 11
(Sustainable Cities), SDG 12 (Responsible
Consumption), and SDG 13 (Climate Action).

1. INTRODUCTION

1.1. Background Under Which Mega Events
and Sustainability Coexist
Mega sporting events (MSEs) such as the

Olympic Games, FIFA World Cup, and continental
cups are the pinnacle of international cooperation,
technological innovation, and world
entertainment. Their sheer infrastructure demands
have, however, long imposed excessive ecological
and logistical burdens. Sustainability in modern
sports is not simply mitigation of emissions but
also inclusion of long-term environmental thinking
in urban rejuvenation, transport infrastructure,
and supply of resources. Sustainability as a
discourse emerged significantly in the aftermath of
the 1992 Rio Earth Summit, with sustainable

Integrating these values in sports events demands
innovation beyond standard facility management
with the adoption of intelligent systems that
combine operations with sustainability goals.

1.2. Sustainability in Sports

Development with the Assistance of Artificial
Intelligence (AI) Artificial Intelligence (AI) is the
future of sustainable sports management. With the
capabilities of pattern recognition, optimization,
and predictive analysis, Al converts static
management into dynamic systems that can adapt
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to current conditions in real time. It allows
predictive maintenance of infrastructure, energy
optimization with sensor grids, and crowd flow
control autonomously. Studies conducted by Yoon
et al. [9] and Zhang and Yang [10] show that
energy-driven systems with Al can save 15-30%
wastage in this critical area, a crucial saving for
mega events that are frequently spread across
several venues. They permit Al to function both as
sustainability enabler and control mechanism for
achieving carbon-neutral outcomes.

1.3. Strategic Drivers and Institutional
Governance

Munich Organizations like the International
Olympic Committee (IOC) have incorporated

sustainability into planning at the strategic level
[3]. The IOC 2024 sustainability framework
emphasizes carbon neutrality, circular economy
integration, and transparency. Operationalizing
such policies, though, is dependent on digital
governing structures aided by Al Predictive Al
allows for modeling scenarios in logistics, water
supply, and fan mobility that ensure compliance
with environmental parameters in real-time. The
Olympic Al Agenda [4] offers an ethical framework
for responsible technology implementation that
emphasizes fairness, accountability, and
transparency.

1.4. Challenges in Integrating Al

Even with its promise, applying Al in mega
events poses several challenges, like fragmented
data, financial barriers, and black-box algorithms.
Integrated data infrastructures are often not
present in sports organizers to support Al models
fully. Even with privacy legislations, ethical
matters are also problematic at the nexus between
crowd monitoring and personal data analysis.
Without robust governing structures, sustainability
arguments are definitively superficial, Bellotto [1]
noted. Consequently, Al will have to be applied in
transparent, auditable systems that translate
environmental benefits to social responsibility. 1.5
Emerging Future of Ai-Driven Sustainable Sports
The future lies with Al-driven digital twins of
complete event ecosystems. Digital twins mimic
energy consumption, transportation, and waste
looping, enabling predictive optimization way
prior to event day. By allowing near-zero waste,
adaptive resource planning, and resilience against
climatic or logistics disruptions, such systems
become a reality. By creating Al-for-Sustainability
(AI4S) schemes, mega sporting events can become
testing grounds for the world's green innovation.
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2. LITERATURE REVIEW

The use of artificial intelligence (AI) in
sustainability strategies for large sporting events is
attracting interest from both researchers and
practitioners. Current studies show that sports
organizations, event managers, and urban planners
see Al as an important tool for efficient resource
use, resilience, and caring for the environment.
This review focuses on four main themes: the need
for sustainability in mega events, Al in stadium
operations, Al for managing energy and mobility,
and the governance and ethical issues tied to
adopting new technologies.

2.1. Sustainable Imperatives in Mega
Sporting Events
Mega sporting events (MSEs) like the

Olympic Games and FIFA World Cup are popular
cultural events. However, they face criticism for
their significant environmental impact, high
resource use, and limited infrastructure benefits.
Bellotto [1] examined Tokyo 2020 and Paris 2024,
pointing out the increasing focus on sustainability
reporting, carbon-neutral commitments, and the
adoption of circular economy principles. The
International Olympic Committee [3,5] has also
created sustainability frameworks that highlight
carbon reduction, responsible sourcing, and
climate resilience. They view these goals as
essential for the legitimacy of events and public
support. Despite these efforts, experts say putting
sustainability into practice remains difficult. MSEs
often function in unpredictable and changing
conditions, including fluctuating attendance and
varying weather, which make traditional planning
harder. This situation creates a pressing need for
data-driven management systems. Here, Al plays a
growing role as a potential solution.

2.2. Alin Stadium and Event Operations

The concept of "smart stadium" has become
popularity as sports venues start using digital
technologies to improve fan experiences and boost
sustainability. Yadav and Sandeep [8] showed how
[oT sensors, Al-driven analytics, and mobile
platforms help with crowd movement, streamline
sales at concessions, and better manage energy.
PwC Middle East [7] also highlighted the digital
changes in sports venues in Saudi Arabia. They
reported that Al-driven ticketing, predictive
maintenance, and lighting systems that respond to
occupancy can enhance user experience and make
better use of resources. The use of Al-powered
digital twins—which are virtual copies of physical
infrastructure has been noted as a significant
development in stadium management. These
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digital twins allow for predictive simulations of
crowd flow, energy needs, and maintenance
requirements [2]. To synthesize existing
knowledge in a structured and transparent
manner, this study adopts a systematic scoping
review methodology, which is particularly suitable
for emerging and interdisciplinary research areas
where concepts, methods, and evidence are still
evolving. These studies show that Al can turn
sustainability from vague goals into practical
actions.

23. Al in Energy Optimization and
Predictive Management

Energy demand is one of the biggest
challenges for sustainability at large events. This is
due to the high use of lighting, heating, ventilation,
air conditioning, and broadcasting systems.
Research by Yoon et al. [9] showed that predictive
control systems based on neural networks can
significantly cut energy use in sports facilities
while still keeping comfort levels high. Zhang and
Yang [10] looked into how machine learning and
optimization algorithms work in unexpected
sports event situations. Their findings revealed
that Al can adjust energy demand and supply
dynamically, reducing peak load risks. These
results match other studies that find that Al-driven
HVAC and lighting controls save more than ten
percent compared to traditional systems that rely
on set schedules. By matching energy demand with
the availability of renewable energy and predicting
carbon intensity, Al-based energy systems also
improve climate strategies in major sports events.

2.4. Alin Mobility and Crowd Management

Crowd and mobility management is another
area where Al is making a big impact on
sustainability. Jibraili, Rharib, and Jibraili [6]
pointed out that Al-based risk management tools
are used to predict congestion, improve transport
flows, and lower the chance of safety issues during
sports events. Studies have shown that Al-powered
computer vision systems can monitor crowd
density and queue formation. This allows for real-
time adjustments to entry and exit plans [8]. These
systems not only make things safer but also cut
down on energy waste in crowded areas and
reduce fuel consumption in shuttle or transit
systems. By linking mobility forecasts with public
transport schedules, Al helps achieve better
coordination across different transport modes. The
literature clearly shows that Al-powered mobility
systems boost both efficiency and spectator
satisfaction, providing a double benefit for
sustainability.
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2.5. Waste Reduction and Circular Economy
Operatic

Research into the role of Al in reducing
waste is still developing, but it shows promising
possibilities. Bellotto [1] noted that Paris 2024 has
tested digital platforms for material passports and
supplier responsibility. In these cases, Al may
predict waste streams and improve recycling
logistics. Smaller sports venues have also tested Al-
driven demand forecasting for concessions. This
approach has reduced food waste by improving
procurement methods [5]. Although there is still
little quantitative data on waste reductions, the
research suggests that Al can play an important
role in promoting circularity at large events.

2.6. Governance, and

challenges

ethics, adoption

The literature highlights major concerns
about using Al in large events. Transparency, data
management, and inclusivity often come up as
obstacles to implementation. The I0C’s Olympic Al
Agenda [4] emphasizes the need for ethical use of
Al. It prioritizes privacy, fairness, and
accountability in systems meant for crowd
monitoring and decision-making. Miiller [12] also
points out the dangers of relying too much on
unclear algorithms in high-stakes situations. He
warns that claims of sustainability need solid
evidence and independent audits. The ongoing
balance between efficiency and ethics is a key
theme. Scholars urge the inclusion of human
oversight to address risks of bias, privacy breaches,
and system failures. In summary, the literature
shows that Al has great potential to improve
sustainability outcomes in major sporting events,
especially in energy management, transportation,
and waste handling. However, these systems'
success depends on both technical strength and
ethical governance, transparency, and cooperation
among stakeholders. This focus on technical
performance and governance implies that Al
should be seen not just as a technological tool but
as part of a social and technical system that needs
ongoing assessment and public accountability.

2.7. Synthesis and Conceptual Framework

This paper combines insights from these four
domains of topics, energy, mobility, waste, and
governance, to create a unified body of knowledge
regarding how artificial intelligence for
sustainability (AI4S) can be leveraged to optimize
the forcing and sustaining ecosystems of Mega
Sporting Events. Rather than viewing these
domains of topics as separate spheres of
intervention, this body of reviewed knowledge
specifies their integral and mutually self-
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reinforcing roles within a dynamic socio-technical
environment, where energy, mobility, and waste
are integral to the operational core of MSEs. The
energy, mobility, and waste sectors of MSEs are
known to have profound influences on one
another, with energy demand driven by neither
energy nor waste but rather impacted and shaped
by how mobility activities influence this demand.
The sector of waste is known to have close direct
linkages to both energy and mobility, given a
defined number of activities, including food
service, product sales, and visitor travel. In this
way, this reviewed body of knowledge indicates
inherent linkages among these domains of topics, a
lack of optimization within a given domain being
able to impact others, for example, a lack of
optimization within transport having a knock-on
effect on energy, waste, and both. AI4S is
designated within this body of knowledge as being
able to functionally connect these domains of
operational topics within a defined body of
knowledge. Al-enabled energy platforms apply
defined machine-based algorithms to determine
energy demand, dependent on defined levels of
crowd movement. Al-enabled mobility platforms
optimize traffic and public transport, while Al-
enabled energy consumption is decreased. In
waste treatment, Al-enabled computer vision
systems optimize waste sorting, while predictive
waste collections are achieved, primarily because
of decreased fuel usage. In each of these examples,
Al4S functions as a systems engineer, being able to
combine defined activities into a defined body of
knowledge. The fourth and final domain of topics,
topics of governance, is a defined body of
knowledge that functions as an integral part of
Al4S. Within this domains of topics knowledge,
Al4S requires both defined levels of mediation and
moderation intervention, this process being
mutually impacted within a defined body of
knowledge. Al4S requires a defined structure of
governance to ensure defined levels of
interoperability, = Al = decision-making, and
alignment to defined levels of sustainability topics
knowledge and applications. The lack of defined
structure within this fourth domain of topics
knowledge can mutually impact this process. From
a conceptual point of view, this analysis can
uncover a strong research gap within the pre-
existing literature. Although current research
approaching the applications of artificial
intelligence in general tends to focus typically on
applications in one area, for example, energy
efficiency or crowd mobility, only a few attempt to
take a systemic point of view. The importance of
this research lies in bringing all different
applications of artificial intelligence in the area of
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MSEs under one umbrella. By doing so, this
research contributes positively to the pre-existing
body of knowledge because of the fact that for the
first time in history, this conceptual analysis
conceptualizes AI4S as a multi-layered system
consisting of (i) the continuous data extraction
from the energy, crowd, and waste subsystems, (ii)
the data processing and analysis using artificial
intelligence algorithms in real-time, and (iii)
ethical decision-making within a governance
structure.

3. MATERIALS AND METHODS

3.1. Review Design

This study adopts a systematic scoping
review methodology, guided by the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses - Scoping Review) framework.
A scoping review is appropriate given the
interdisciplinary and emergent nature of research
on Artificial Intelligence for Sustainability (AI4S) in
Mega Sporting Events (MSEs), where empirical
evidence is fragmented across domains such as
energy systems, mobility management, waste
management, and governance.

3.2. Data Sources and Search Strategy

A comprehensive literature search was
conducted across major academic databases,
including Scopus, Web of Science, and IEEE Xplore,
complemented by targeted searches of reputable
policy and industry reports relevant to mega
sporting events. Search strings combined
keywords and Boolean operators related to
artificial intelligence, sustainability, mega sporting
events, stadiums, energy, mobility, waste, and
governance.

3.3. Inclusion and Exclusion Criteria

To ensure academic rigor, relevance, and
methodological quality, explicit inclusion and
exclusion criteria were applied during the
screening process.

Inclusion criteria:

e Peer-reviewed journal articles published in
journals indexed in Scopus or Web of
Science

e Journals with a minimum impact factor (or
CiteScore equivalent) threshold, ensuring
scholarly quality

e Studies explicitly addressing Al
applications in relation to sustainability
outcomes (energy efficiency, mobility
optimization, waste reduction, governance,
or environmental performance)
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e Research focused on mega sporting events,
large stadiums, or event-scale urban
systems

e Empirical, modeling, simulation-based, or
systematic review studies with a clearly
defined methodological approach

Exclusion criteria:

e Conference papers, editorials, opinion
pieces, book reviews, and non-peer-
reviewed sources

e Studies focusing on Al in sports
performance, athlete analytics, or fan
engagement without sustainability
relevance

e Articles lacking methodological

transparency or empirical grounding

e Publications addressing small-scale or non-
event-related contexts

e Duplicate records across databases

3.4. Data Sources and Collection

There are three major databases, including
Scopus, Web of Science, and Google Scholar—were
accessed to extract peer-reviewed journal articles,
conference proceedings, and industry reports that
have been authored during the period 2016-2025.
The key terms were "Al in sports sustainability,”
"smart stadiums,"” "Al resource management,” and
"sustainable mega events." Over 110 relevant
documents were screened and 45 were shortlisted
based on inclusion criteria such as publication
quality, decency, and soundness of methodologies.
Additional grey literature by International Olympic
Committee, PwC Middle East, and Digital
Transformation Network [2,7] was accessed to
complement the analysis.

3.5. Analytical Framework

Three researchers were involved in
organizing data into four areas of sustainability:
(1) energy optimization, (2) mobility and crowd
management, (3) reduction of waste, and (4)
governance and ethics. Reports were coded
according to repeated ideas like "predictive
control,” "circular economy,"” and "risk resilience."
NVivo software sped up content analysis by
identifying frequency patterns, co-occurrence
networks, and sentiment strength. Quantitative
summaries were extracted whenever available, like
recorded energy savings or percentages of waste
diversion.

3.6. Data Validation and Reliability Validation
Cross-source verification was used to ensure
validity, cross-matching information between
research studies and professional reports. Expert
advice was cited where appropriate to confirm
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technological viability. The reliability of each
proposition was confirmed by replication of
reported work or by citation to similar use cases,
e.g., FIFA Qatar 2022 and Tokyo 2020. 3.5
Visualization and Synthesis. The analysis created
descriptive graphs (e.g., Al energy efficiency 2016-
2024) with statistical information drawn from
documented work. Figures 1-3 reveal longitudinal
sustainability outcomes gains that are enabled by
Al. Thematic synthesis intertwined qualitative
reasoning with numeric evidence, creating a
combined explanation about scalability that is
exerted by Al applications on sporting events.

4. RESULT AND DISCUSSION

4.1. Energy Optimization and Operational

Efficiency

HVAC systems and smart lighting grids that
incorporate artificial intelligence have been shown
to significantly improve energy use efficiency
(EUE) in large-scale sporting facilities. Specifically,
the reviewed studies measure efficiency gains
using reductions in total electricity consumption
(kWh) and energy intensity per occupied square
meter (kWh/m?/event day), benchmarked against
pre-event baselines and non-Al-controlled
operations. Al-based forecasting models, primarily
using machine learning algorithms integrated with
[oT sensor networks, align energy supply with
real-time occupancy levels, event schedules, and
localized weather conditions, thereby minimizing
overproduction and operational waste. Empirical
evidence from mega sporting events supports
these findings. In the case of Tokyo 2020, Al-
enabled building management systems using
predictive HVAC control and adaptive lighting
reported electricity consumption reductions
ranging between 18-22%, compared to
conventional rule-based systems, as documented
in  post-event sustainability and  smart
infrastructure  evaluations  [10].  Similarly,
operational data from FIFA World Cup Qatar 2022
indicate that stadiums equipped with Al-assisted
cooling, demand forecasting, and occupancy-
responsive lighting achieved up to a 28% reduction
in overall electricity consumption, measured as
cumulative kWh savings across event days relative
to baseline projections [11]. These improvements
were primarily attributed to machine learning
models that dynamically adjusted cooling loads
and lighting intensity based on crowd density and
external temperature fluctuations. Collectively,
these case studies demonstrate that the integration
of machine learning into IoT-enabled energy
management systems does not merely optimize
operational efficiency but re-conceptualizes energy
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management from a cost-intensive necessity into a
strategic sustainability lever.

Ahen (2016-2024)

Figure 1. shows Al-driven improvements in
HVAC/lighting efficiency, rising from 5% (2016) to
28% (2024).

Energy consumption is a major sustainability
issue for large sports events. Stadiums, training
camps, and ancillary facilities need significant
amounts of energy for lighting, ventilation, heating,
cooling, and broadcasting. Traditionally, these
energy systems have operated on fixed schedules
that never match actual occupancy or weather
patterns. This results in inefficiency and waste. Al
is the solution with data-driven, dynamic control. It
uses predictive analytics and reinforcement
learning to forecast demand, optimize scheduling,
and identify problems before they happen. For
example, neural network-based predictive control
can analyse patterns of arrival of the audience, live
temperature readings, and grid carbon intensity.
This helps to modulate HVAC systems to keep it
comfortable while reducing unnecessary energy
use. In big events where several venues are all
working at the same time, Al ensures that the
energy load is managed across these venues. This
flattens peak loads and matches energy usage with
clean energies. Latest trials suggest that
implementing Al in sports facilities can reduce
energy expenses by 15% to 30%, with additional
savings in multi-venue applications [10]. The
following graph shows that projected energy
savings increased from around 5% in 2016 to
nearly 28% in 2024. This reflects the accelerated
evolution of Al innovation and its application in
venue systems. These improvements make
operations cheaper and significantly lower
greenhouse gas emissions per spectator-hour,
supporting host cities' broader climate agenda.
Anomaly detection models also increase the
reliability of the system by identifying issues, like
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faulty chillers or lights, before they lead to
expensive failures or lost energy. It remains a
challenge to achieve Al models that function in
non-normal conditions, like opening ceremonies or
unexpected weather changes. Model drift and low-
quality predictions can lead to overcompensation,
which can raise energy use. Additionally, sensor-
based information can create calibration, bias, and
maintenance problems. To deal with these issues,
governance models have to provide regular audits
of Al systems, clear reporting of energy savings,
and operators' training in reading and adjusting Al
suggestions. In summary, using Al to optimize
energy is one of the most effective ways to make
sustainability the top priority of major sporting
events.

4.2. Movement, Crowd Control, and Carbon
Footprint

Predictive analytics and computer vision
provide real-time management of auto movement
and crowd density. Geospatial Al decreases waiting
time, transport congestion, and emissions per
passenger-kilometre. Efficiency went up from 8%
in 2016 to 32% in 2024 [8]. This outcome, apart
from enhancing user experience, also enhances
environmental resilience through matching
mobility networks at locations.

Al in Crowd Management [2016-2024]

020 2021 2022 2023 2024

Yoar

016 2017 2018 2009

Fig.2: highlights reductions in congestion/wait
times with Al, improving from 8% (2016) to 32%
(2024).

Mobility and crowd management are some of
the most noticeable and complicated challenges at
major sporting events, where millions of
spectators gather at venues within tight
timeframes. Inefficient mobility systems lead to
long lines, congestion, excessive idling, and higher
emissions from public and private transport.
Traditionally, organizers have depended on
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manual monitoring and set schedules, but these
methods fall short when it comes to real-time
changes in attendance, weather, and transport
disruptions. Al provides a game-changing solution
by using computer vision, geospatial analytics, and
predictive modeling to forecast crowd flows,
manage queues in real time, and coordinate
transport systems in ways that significantly lessen
environmental and social impacts. For instance,
computer vision systems placed at entrances and
walkways can track crowd density and direct
spectators to less crowded entry points. This
reduces waiting times and the energy needed for
lighting or air conditioning in busy areas.
Geospatial Al models can pull together data from
ticketing systems, ride-sharing apps, and public
transport feeds to predict peak arrival times. This
allows organizers to stagger shuttle departures,
adjust train frequencies, and avoid bottlenecks.
These systems not only improve safety but also
support sustainability by cutting down on
unnecessary energy and fuel use. Statistical
evidence strongly backs the effectiveness of Al in
this area. As shown in the graph, Al-driven crowd
management increased efficiency from 8% in 2016
to over 32% in 2024. This reflects less congestion,
better egress times, and smoother coordination
across multiple modes of transport. These
improvements lead to lower carbon emissions, as
vehicles spend less time idling, fewer shuttles
travel empty, and pedestrian movement is
streamlined. Additionally, smoother operations
boost spectator satisfaction, which indirectly
encourages more people to use public transport.
However, challenges remain in balancing efficiency
with ethics. Privacy issues arise from the use of
surveillance cameras and personal mobility data,
which call for privacy-preserving analytics and
clear consent practices. There is also the potential
for algorithmic bias if models unfairly
disadvantage certain groups, such as directing
specific ticket categories to longer lines. Effective
governance needs human oversight, fairness
audits, and proactive communication with the
public to build trust. Despite these obstacles, Al-
driven mobility and crowd management are vital
for connecting major events with sustainability
and resilience goals. This illustrates Al's ability to
optimize complex, dynamic systems in real time.

4.3. Waste Minimization and Circular Economy

Artificial intelligence-enabled waste
forecasting  systems enhance procurement
efficiency, leading to minimized food wastage and
more efficient recycling processes. Supervised
machine learning programs forecast concession
needs and allocate resources dynamically. This
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integration improved diversion rates from 4% to
27% from 2016 to 2024 [1,2]. Operating benefits
also include reduced landfill costs and improved
stakeholder engagement.

Al im Waste Reduction (2016-2024)

Figure 3. Depicts Al-enabled diversion and waste
minimization, increasing from 4% (2016) to 27%
(2024).

Mega sport events produce huge amounts of
trash. There are packaging from food, promotional
brochures, and construction waste from temporary
structures. This type of waste is hard to handle in
an environmentally friendly way. Uncertain
demand tends to lead to overbuying, wasted use,
and unnecessary trash in landfills. Al provides
essential tools that maximize circular economy
principles. Al supports forecasting volumes of
trash, optimizing purchases, and simplifying
recycling. For instance, supervised learning models
can examine past consumption behaviours,
weather, and ticketing transactions to predict
concession demand. This prediction reduces food
wastage because of unsold items. Al-driven waste-
sorting machines and computer vision further
improve recycling by sorting plastics, metals, and
organic materials with limited human interference.
This reduces recycling complexities and increases
recycling rates. The efficacy of Al in waste
management is evident. According to a graph, Al-
supported waste reduction activities rose from a
mere 4% in 2016 to about 27% in 2024. This rise
illustrates the growing adoption of predictive
analytics and digital twin platforms in event
logistics. These technologies not only decrease the
net carbon footprint of mega sporting events but
also save resources on waste hauling and landfill
fees. Furthermore, by using Al in procurement,
event organizers can implement "just-in-time"
principles. This minimizes wasted materials and
synchronizes purchasing with current rates of
consumption. This responsiveness significantly
lowers upstream emissions as well as downstream
waste. There are pragmatic limitations, however.
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One of the biggest hurdles is data access. To
accurately forecast waste, there need to be detailed
records of past consumption as well as disposal
rates, which event organizers might not
systematically gather. Secondly, the expensive
initial price tag of Al-sorting technology or digital
twin solutions can discourage use, especially for
smaller cities or lower-budget organizing
committees. To mitigate these challenges, public-
private partnerships and sustainability-linked
lending can fund Al waste systems. Furthermore,
follow-up contracts for mega events must insist on
standardized data collection practices. Finally,
circular operations through Al strengthen the
vision of a "zero-waste mega event" by linking
global sports with the imperative of climate action
and sustainable development.

4.4. Governance, Ethics, and Policy Integration

While Al may support sustainability
performance, governance systems are the
cornerstone  for  guaranteeing responsible

utilization in mega sporting events. The success of
Al-led sustainability initiatives is not merely a
technical challenge but a question of governance
that mandates the incorporation of ethical
principles, transparency, and inclusiveness into
working systems. Since artificial intelligence takes
control of increasingly decision-making processes
across areas such as energy distribution, crowd
handling, and garbage management, the danger of
algorithmic discrimination, abuse of data, or
excessive surveillance takes on real proportions.
Strong mechanisms of governance are thus needed
to balance accountability and efficiency with social
trust. Ethical Al practices form the constituents of
this governance structure. They consist of fairness,
explainability, and the right to privacy in all Al-
based processes. Fairness avoids biased automatic
decisions affecting any particular demographic or
stakeholder group, while explainability keeps Al
output human-readable for operators and
regulators. Transparency, in its turn, makes
auditing and third-party verification of Al
performance metrics possible so that sustainability
claims are assured by auditable evidence. The
involvement of diverse groups of stakeholders,
ranging from environmental NGOs and local
communities to sponsors and public regulators,
ensures greater legitimacy as multiple opinions get
to shape system design and control mechanisms.
The I0C has also been a leader on this front with its
Olympic Al Agenda [4] and Sustainability Progress
Report 2021-2024 [5], both of which highlight the
necessity of ethical, transparent deployment of Al
in international sport governance. Both of these
reports recommend the employment of fairness

49

audits, impact assessments, and continuous human
oversight throughout the Al life cycle from model
training through deployment. These measures are
designed to ensure that Al-based systems align
with the Olympic values of respect, equality, and
fairness and minimize unintended consequences.
Incorporating these values into digital governance
policies for mega events ensures accountability
and responsible stewardship of information. This
involves establishing proper protocols in data
ownership, consent, and security and providing
governance boards that monitor compliance with
ethical requirements. In addition, disclosure of the
performance of Al systems and environmental
effects can enhance trust and facilitate
transparency. Lastly, governance is the
institutional and ethical mechanism that
transforms Al into a socially accountable
instrument for sustainable development from
being typically a technologically oriented
innovation. Through the incorporation of ethical
oversight in every part of Al implementation, event
organizers will be capable of ensuring that
technology supports humanity's greater agendas of
equity, sustainability, and shared global prosperity.

4.5. Holistic Understanding and Practical
Implications

The success of Al in mega sporting events
depends on the nature of socio-technical
harmonization; a holistic equilibrium between
advanced data-based automation and lasting
human moral governance. The equilibrium
guarantees that while artificial intelligence drives
efficiency and optimization, human values,
judgment, and contextual awareness drive
decision-making. In terms of sustainability, this
alignment enables Al systems to not just process
enormous datasets from power grids, transport
systems, and waste management systems but also
to interpret them into frameworks that prioritize
environmental and social responsibility. Without
this alignment, the technical power of Al runs the
risk of being undermined by ethical breakdowns,
public mistrust, or uneven application. The success
of Al in megaproject event management also
depends on interoperability, its potential to
natively interface and communicate between
disparate systems and platforms. Mega events
commonly have multiple stakeholders, which
include government authorities, private service
providers, venue administrators, and sustainability
officers. Each has varied data standards,
infrastructures, and  operating  mandates.
Interoperability enables such systems to exchange
real-time data across boundaries and create a
unified ecosystem that enhances forecasting
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precision and responsiveness to decisions.
Connecting crowd monitoring software, for
example, to transportation scheduling platforms
and energy management dashboards enables
having a unified response to congestion or peak
energy consumption. This integration converts
isolated subsystems into an integrated, smart
network with the ability to change rapidly. Real-
time monitoring is another pillar of socio-technical
alignment. Al works best with continuous feedback
cycles that update based on real-time inputs, such
as weather forecasts, crowd movement, or power
supply levels. When supported by human
operators who interpret anomalies, validate
forecasts, and act in situations that involve moral
dilemmas, such systems function better and
withstand pressure better. This ambiguity between
automation and human control establishes
operational transparency and guarantees fewer
over-reliance hazards against algorithms. Inter-
organizational collaboration is also important. The
complexity of the mega sport event is such that
sustainability outcomes cannot be imposed by a
single actor. Shared data repositories, cross-cutting
task forces, and collaborative decision-making
platforms ensure Al solutions are managed
together and continually optimized. By acting as a
catalyst for sustainability, Al converts reactive
operations, where interventions occur after
subsequent crises into adaptive, proactive systems
that can continually be optimized. Ultimately, Al
becomes not just a technology but a strategic
enabler of resilience and continuous improvement,
combining precision analytics with the ethical and
collaborative elements so vital to sustainable
mega-event management.

5. CONCLUSION

5.1. Synthesis of Results

This paper confirms that artificial
intelligence  (AI) possesses transformative
potential to revolutionize sustainability practices
within the domain of mega sporting events. By
integrating machine learning, predictive analytics,
and real-time data processing into event
management systems, Al introduces a new era of

environmental  efficiency and  operational
intelligence. One of its most significant
contributions lies in  optimizing energy
performance across stadiums, arenas, and

supporting facilities. Through predictive control
algorithms, Al systems can dynamically adjust
heating, ventilation, air conditioning, and lighting
based on occupancy and environmental conditions,
leading to substantial reductions in energy
consumption and associated carbon emissions. Just
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as critical, mobility efficiency is improved with the
assistance of Al in simplifying traffic logistics and
crowd flow control. Sensor, camera, and ticketing
information in real-time allow predictive crowd
flow and transportation movement modeling that
reduces congestion, optimizes fuel, and enhances
spectator experience comprehensively.
Optimizations like this not only augment seamless
flow, they also complement larger sustainability
objectives like reduced emissions and enhanced
public security. Additionally, Al facilitates circular
processes with automated waste monitoring,
procurement planning, and recycling functions.
Smart technologies are able to forecast the demand
for materials and waste volumes, thereby utilizing
resources with maximum efficiency and creating
minimal environmental footprints. They also
support a closed-loop sustainability process,
whereby each phase of event logistics, right from
supply chain planning to waste management, is
optimally optimized in a continuous loop. Beyond
environmental gains, the capacity of Al to
automate predictive control and optimize logistics
produces measurable economic and social benefits.
Event organizers can achieve cost savings, reduce
resource waste, and strengthen resilience against
disruptions such as equipment failures or energy
shortages. Collectively, these advancements
demonstrate that Al is not merely a supportive tool
but a strategic driver of sustainable
transformation—one capable of reimagining how
mega sporting events are planned, executed, and
remembered in the era of global sustainability.

5.2. Implications for Policy and Implementation

Policymakers will need to mandate the
inclusion of artificial intelligence (AI) in
sustainability auditing procedures for all world
sporting events that host audiences exceeding
50,000. Such mandates are in response to the sheer
scale and fervour that mega events engender,
developing complex sustainability challenges that
are not effectively addressed under manual
analysis alone. Sustainability audits that
incorporated Al would permit event organizers to
capture, process, and report real-time observations
regarding key variables such as energy
consumption, waste generation, water utilization,
transport emissions, and crowd flow. By
incorporating Al into auditing infrastructure,
stakeholders can move beyond static post-event
analysis and instead head toward sustained, real-
time environmental monitoring with adaptive
control. Compliance implementation frameworks
such as the Al-for-Sustainability (Al4S) framework,
therefore, also need to provide the functional
foundations for such audits. The AI4S framework is
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an amalgamation of intelligent automation, data
analytics, and governance frameworks that
develop transparent accountability frameworks
along all functional dimensions of a mega event.
Under this framework, Al-driven sensors and
predictive modeling can provide granular
information on where sustainability goals are at
risk and provide the basis for early correction. By
way of illustration, automated dashboards can
track carbon emissions per spectator hour or
energy consumption per venue and compare them
against pre-defined sustainability benchmarks.
Inscribing accountability mechanisms within such
infrastructures guarantees that sustainability
pledges translate into quantifiable outcomes
instead of inspirational goals. By incorporating
audit trails, Al-driven algorithmic explainability,
and independent data verification, AI4S
infrastructures can build public confidence while
showing quantifiable carbon footprint and
resource reduction. Moreover, such audits would
promote adherence to international climate goals,
with key sports bodies joining the UN Sustainable
Development Goals (SDGs) and Paris Agreement.
In the long run, Al-enhanced sustainability audits
will not only reinforce regulatory enforcement, but
also redefine accountability, turning world
sporting events into living experiments for
environmental innovation and digital governance
excellence.

5.3. Limitation and Constraints

Though there is great promise that artificial
intelligence (AlI) can deliver in promoting
sustainability in mega sporting events, a number of
emergent problems persist that restrict wide scale
adoption and sustainable long-term scalability.
Front and centre among them is data
fragmentation or a failure to have standardized
and cohesive data systems across event planning
and execution stakeholders. Mega events have a
number of data inputs including venue
management systems, transport infrastructure,
power supply utilities, and public protection
functions. Without such datasets interlinked, Al
programs are deprived of their full potential to
operate, with resultant inefficiency and patchy
analysis. Further, failure to have mutually
interoperable data platforms makes timely
realization-driven decisions difficult and also
invalidates credible sustainability auditing. As a
remedial response to this situation, future
programs must make data standardization, open-
platform accessibility, and mutually secure data-
share arrangements involving local governments,
technology providers, and event managers a
priority. Another significant challenge is the
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expensive  nature  of Al infrastructure
implementation. The installation of sophisticated
systems like predictive energy optimization
schemes, computer vision crowd management, and
digital twins of stadiums is expensive and demands
heavy financial investment in sensors, computation
equipment, and qualified technical staff. Smaller
host capitals, especially in developing countries,
either cannot afford or have no expertise to
conceptualize and sustain such installations.
Without smart financial assistance, Al uptake can
become localized in high-income countries,
worsening disparities in sustainable event hosting.
Privacy concerns are also contributing to
complexities. Adoption of data analysis and Al-
powered surveillance must be in accordance with
stringent data protection laws to prevent abuse or
unauthorized surveillance of individuals. Public
confidence is dependent on open processes of
consent and anonymizing procedures. Hence,
overcoming the barriers necessitates cross-
sectoral collaborations by private investors,
government agencies, researchers at universities,
and international agencies. Sector-specific
financing incentives, capacity building programs,
as well as governance structures with ethics, can
make smaller host cities sustainably embark on Al
adoption  with  inclusivity, fairness, and
international  equity = during the  sports
sustainability digital revolution.

5.4. Ethical and Governance Dimensions

The Governance frameworks must be
consciously engineered to integrate transparency
provisions, bias abatement audits, and public
participation platforms if sustainable event
management can benefit meaningfully from
artificial intelligence (AI). Transparency is the
basis on which accountability and trust are
anchored. In the case of mega sporting events
based on Al, this translates to stakeholders-from
local societies to international regulators—having
clear sight into how the algorithms function, what
they are fed, and how they make decisions.
Transparency provisions in governance structures
must compel publication of methodologies
underpinned by the algorithms, a basis for their
performance, and sustainability outcomes in non-
restricted public formats. This facilitates
independent verification, peer scrutiny, and early
detection of errors or biases in the Al
infrastructure that manages energy, waste, or
mobility. Just as critical are bias mitigation audits.
Regular assessments guarantee that the Al systems
treat every demographic group equally and that
resource allocation or outcome of decisions is not
skewed to disproportionately harm the
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marginalized group. Crowd control algorithms, for
instance, have to be subjected to a test for spatial
or demographic bias in order to forestall skewed
access or differential treatment during events with
high attendance. Integrating bias audits as a
standard governance practice guarantees that
sustainability gains are distributed equally across
every level of society. Public engagement platforms
also have a key role to play in democratizing the Al
governance. Citizen comment schemes, open-data
platforms, and interactive dashboards can
encourage spectators, citizens, and civil society
organizations to provide inputs and assess
sustainability performance. These processes turn
passive viewers into active stakeholders in
environmental stewardship. Last but not least,
sustainable Al is not simply a technological effort
at productivity, but a matter of moral duty that is
fundamentally intertwined with social equity and
fairness. By bringing ethical thinking into
government processes, Al can become a force for
transformation that unifies technological progress
with human values and makes sustainability gains
advantage all sections of society transparently and
equally.

5.5. Long-Term Vision

Ultimately, integrating artificial intelligence
(Al) with sustainable event planning can
precipitate a long-term paradigm shift toward the
building of "smart green cities." Smart green cities
will become sustainable long-term event legacies
for mega sporting events, utilizing the digital
infrastructure, renewable energy technologies, and
intelligent data platforms developed for event
activity to long-term urban redevelopment
applications. By integrating Al with planning,
monitoring, and management procedures in such
mass events, host cities can build foundations for
long-term urban resilience and ecological
sustainability. By way of example, Al technologies
deploying to operate energy efficiency, manage
traffic flow, and sense environmental quality
during mega events can be redeployed for regular
urban management applications following the
events, creating smarter, more adaptable cities.
The resulting urban ecosystems will exemplify a
balance between technological efficiency and
ecological mindfulness. Al-driven analytics can
facilitate  precision  control over energy
distribution, water use, and waste management,
thereby minimizing resource waste while
maximizing service delivery. Predictive
maintenance algorithms can ensure that critical
urban infrastructure, such as transport systems,
lighting grids, and waste facilities, remains
functional and energy-efficient over extended
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lifecycles. These features contribute to the
establishment of cities that are both
environmentally responsible and economically
viable. In addition, long-term sustainability
planning with Al makes possible participatory
urban planning. The citizenry can interact with
open-data platforms and applications based on Al
that reveal environmental states, carbon footprint,
or public transportation effectiveness in near-real
time. This open nature fosters public ownership
and shared responsibility toward sustainability
goals. Ultimately, the development of intelligent
green cities is the most noteworthy inheritance
that Al-embedded mega events can leave behind. It
is the epitome of the combination of innovation
and environmental ethics; a world where
technology is not just used for human convenience,
but also works toward planetary well-being.
Intelligent green cities will become a series of
living exemplars that show digital intelligence,
with sustainability values as a guiding force, can
redefine the future of urban civilization.

6. FUTURE RESEARCH

6.1. Development of Quantitative

Models Subsequent research must be aimed
at developing systematic quantitative models that
connect artificial intelligence (AI) performance
metrics with sustainability key performance
indicators (KPIs) like energy usage per spectator-
hour and emissions per vehicle-hour. Development
of such connections would allow for improved
estimation of Al systems' environmental impact
and their overall ecological footprint. Such models
can include varied variables such as computation
efficiency, model simplicity, processing intensity,
and scalability to execute, providing a multi-
dimensioned foundation for  sustainability
evaluation. With the inclusion of real-time data
analysis, machine learning optimization methods,
and lifecycle analysis, scientists can potentially
simulate how variations in Al performance metrics
affect the results of sustainability across scenarios.
Besides, predictive modeling can also help policy-

makers and business leaders compare Al
technologies with clearly established
environmental benchmarks, enabling decision-
making for more sustainable innovation.
Comparative studies between Al applications,

ranging from self-driving cars to smart city
management, could be facilitated through such
research to mark out pathways for reducing
wastage of resources and maximizing operational
sustainability. Lastly, extending such models would
contribute to the formulation of a combined
framework for the measurement of artificial
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intelligence systems' environmental efficiency to
bridge  technological = advancements  with
sustainable development goals.

6.2. Cross-Sectoral Cooperation

Collaboration among governments, artificial
intelligence technology developers, and event
organisers is required to ensure equitable and

sustainable use of artificial intelligence
technologies among sectors and regions.
Subsequent studies must investigate the

governance frameworks, economic frameworks,
and institutions facilitating successful public-
private partnerships (PPPs) in the use of Al,
especially  within  scenarios with varying
technological capability and economic
endowments. While governments' responsibility is
to set supportive regulatory frameworks, offer
subsidies, and promote ethical compliance, private
Al producers provide technological expertise,
innovation, and scalable outputs. Event planners,
on the other hand, are implementation agents,
highlighting how Al can increase efficiency in
operations, crowd management, and sustainability
gains. Studies must quantify how such
collaborations can reduce deployment costs,
promote shared infrastructure, and foster
knowledge sharing among stakeholders. Cross-
country studies between developed and
developing economies can also explore the best
practices and challenges of inclusivity in Al
adoption. By placing affordability, transparency,
and collective responsibility at the forefront, such
collaborations would bring Al-powered systems
within reach, trustworthy, and contextual in
nature. In the long term, establishing collective
research and policy-making will bridge
technological gaps, establish strong innovation
ecosystems, and promote responsible use of Al in
furtherance of more comprehensive economic and
social development agendas.

6.3. Ethical and Sociotechnical Integration
There is a necessity of more research in
exploring the implementation of ethics-by-design
principles in Al system design such that ethical
issues are not an afterthought but a fundamental
part of development and deployment. This agenda
of research must focus on the operationalizing of
transparency, accountability, fairness, and privacy
at each phase of the AI lifecycle, from data
gathering and algorithmic development to
decision-making and system feedback. Integrated
ethics-by-design would avoid bias, discrimination,
and hidden effects and make Al output compatible
with society values and legal standards.
Researchers should also investigate how human
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oversight frameworks influence system credibility,
reliability, and effectiveness as a whole. Human-in-
the-loop architectures, ethical auditing procedures,
and cross-disciplinary review boards might be
investigated to establish how they augment or
diminish Al capabilities in practice. Empirical
research into user attitudes and behavioural
reactions to ethically designed Al systems can shed
more light on how trust builds or erodes in the
long term. It is important to understand these
dynamics because this will open the door to Al
systems that are not only effective but also socially
commendable and ethically sound. Finally, such
research will help build governance models that
meet the challenges of innovation with moral
responsibility so that Al technologies serve
humanity in equitable and transparent ways.

6.4. Climate Adaptation and Resilience

Speaking of artificial intelligence (Al) in
enabling adaptive climate resilience for outdoor
activities is a critical extension of the sustainability
literature from care regarding efficiency to survival
in the long term and environmental flexibility.
Artificial intelligence technologies can be game-
changers in the forecasting, addressing, and
prevention of climate risks to the safety, delivery,
and sustainability of mass events. For example,
machine learning-based predictive weather
modeling can issue more precise forecasts of
severe weather such as storms, heatwaves, or
flooding and with greater lead times. Similarly,
artificial intelligence-enabled flood risk
management models can assess geospatial data,
topography modeling, and hydrological patterns to
aid real-time decision-making by emergency
personnel and event planners. Future research
could investigate how combining Al with early
warning systems, infrastructure planning, and
contingency planning strengthens environmental
and human resilience. Furthermore, adaptive Al
models could regulate resource distribution in the
case of surprise weather conditions, reducing
waste and carbon emissions. Such a study would
also be enhanced by considering data-based
climate resilience's ethical and governance
dimensions in order to make it inclusive and
equally accessible through technology. Last but not
least, research into Al contribution to adaptive
climate resilience expands sustainability
scholarship to anticipatory, smart responses that
protect populations and places in the face of rising
climate uncertainty.

6.5. Standardization and Benchmarking
Finally, establishment of global norms on
sustainability through Al, just like with global
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models like the ISO standards, is necessary for the
internalization of best practices and accountability
in the case of planning future mega sporting
events. These norms would provide comparative
baselines for assessing to what degree the
application of Al technology is being utilized to
enhance environmental sustainability, social
responsibility, and economic effectiveness in event
planning. By establishing measurable targets, such
as energy optimization, waste minimization,
carbon management, and responsible regulation of
Al, such standards would ensure comparability,
transparency, and consistency across and between
regions and types of events. In addition, common
sustainability measures would allow event
producers, policymakers, and Al creators to
synchronize their approaches with international
goals of sustainability, including the United Nations
Sustainable Development Goals (SDGs). Studies in
this field need to consider how to formulate,
enforce, and track such Al sustainability standards
while ensuring that they are capable of being
responsive to new technologies and socio-cultural
conditions. Such a global certification system can
also drive compliance through reward and
reputation, promoting ongoing improvement in
sustainability performance. Finally, global Al
sustainability standards would be an agreed plan
that would bring people together, encourage
innovation, and ensure the moral and ecological
responsibility of Al use in big sporting and
entertainment events around the globe.
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