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Abstract

This research explores the optimization of behavioural and economic strategies for the seamless integration of wireless
energy transmission (WET) technologies into smart cities. As urban centres evolve towards greater connectivity,
efficiency, and sustainability, the adoption of WET offers immense potential for powering Internet of Things (IoT)
devices, electric vehicles, and infrastructure without physical connections. However, the widespread implementation
of WET faces significant barriers, including public scepticism, economic feasibility, and the high costs of infrastructure
development. This study addresses these challenges by examining the psychological and economic factors influencing
the adoption of WET. Key behavioural obstacles such as resistance to change, safety concerns, and lack of awareness
are analyzed, alongside potential interventions like educational campaigns, gamification, and trust-building initiatives.
In parallel, economic barriers such as infrastructure costs, regulatory hurdles, and uncertainties regarding return on
investment are investigated. The research proposes innovative economic strategies, including public-private
partnerships, dynamic pricing models, and financial incentives, to support widespread adoption. By integrating
behavioural and economic approaches, this research develops an optimized framework for promoting the ubiquitous
integration of WET in smart cities. Case studies of successful technological adoptions provide insights into how similar
strategies can be applied to WET. Furthermore, the research identifies opportunities for patentable innovations that
combine behavioural incentives with economic models, fostering the development of new technologies and policies.
This multidisciplinary approach offers a roadmap for cities seeking to harness WET for sustainable urban growth,
emphasizing the importance of addressing both psychological and economic barriers.
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1. Introduction

Smart cities represent a transformative approach to urban living, leveraging digital technologies, data analytics, and
automation to enhance the quality of life, sustainability, and efficiency of urban spaces (Bibri, 2019; Kumar et al., 2020).
At the core of a smart city is the integration of Information and Communication Technology (ICT) with physical
infrastructure, allowing for real-time monitoring and management of resources such as transportation, energy, and
public services. Smart cities are characterized by their ability to optimize operations, improve energy efficiency, and
promote citizen engagement through connected devices and systems (Belli et al.,, 2020). Some key features of smart
cities include the use of the Internet of Things (IoT), renewable energy integration, smart grids, and intelligent
transportation systems. Energy systems play a crucial role in smart city infrastructure, as they provide the foundation
for many of the technologies and services that enable the city to function efficiently (Hoang and Nguyen, 2021). Smart
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energy systems often incorporate renewable energy sources, such as solar and wind power, to reduce reliance on fossil
fuels and minimize environmental impact (Ahmad and Zhang, 2021). These systems also include smart grids, which can
manage energy supply and demand dynamically, optimizing energy distribution and reducing waste. Efficient energy
management is essential for powering smart devices, autonomous vehicles, and public infrastructure, making energy
systems a central element of any smart city initiative (O’'Dwyer et al., 2019).

Wireless Energy Transmission (WET) refers to the transfer of electrical energy from a power source to a device without
the need for physical connections like cables or wires (Li, 2022). This technology has been under development for over
a century, with notable progress made in recent decades due to advances in electromagnetics, resonant induction, and
microwave transmission. The key advantage of WET is its ability to provide power to devices that are mobile or difficult
to connect to the electrical grid, offering greater flexibility and convenience (Guan et al., 2022). Current applications of
WET are mostly found in consumer electronics, such as wireless charging for smartphones, wearables, and electric
vehicles. In urban settings, WET has the potential to revolutionize the way energy is distributed and consumed (Radini
et al, 2021). It could be used to power 10T devices scattered throughout the city, enable the wireless charging of
autonomous vehicles, and provide energy for street lighting, traffic signals, and other essential services. Additionally,
WET could contribute to the development of microgrids, allowing decentralized energy generation and distribution
within neighbourhoods or city districts (Considine et al., 2021). The future potential of WET in smart cities is vast. As
cities become more connected and reliant on smart technologies, the demand for flexible, efficient, and scalable energy
systems will grow. WET could reduce the need for costly and complex wiring infrastructure, streamline energy
distribution, and enhance the overall resilience of urban energy systems (Freed and Zimmerman, 2022). However, for
WET to become a ubiquitous feature in smart cities, several challenges must be addressed, particularly in the areas of
public acceptance, economic viability, and regulatory support (Paiva et al., 2021).

The primary objective of this research is to investigate behavioural and economic strategies for integrating WET into
the fabric of smart cities. While the technology offers significant potential, its widespread adoption is hindered by
psychological and economic barriers. From a behavioural perspective, the public may have concerns about the safety
and reliability of wireless energy, particularly when it comes to invisible energy transfer systems. Additionally, there
may be a lack of understanding or awareness of the benefits of WET, leading to resistance to change or slow adoption.
Economically, the implementation of WET requires significant investment in infrastructure, and the returns on such
investments are not always immediately apparent. Cities and private stakeholders must be convinced that WET is a
financially viable solution for their energy needs, which involves developing innovative business models, pricing
strategies, and financial incentives. This research aims to explore these challenges and develop strategies to overcome
them. By examining both behavioural and economic factors, the study seeks to create a framework that can facilitate
the seamless adoption of WET in smart cities. Moreover, the research will identify patentable solutions that combine
innovative technological advancements with effective behavioural and economic strategies. These patentable solutions
could serve as a blueprint for cities looking to implement WET and pave the way for the widespread use of this
technology in urban environments. The integration of WET into smart cities requires more than just technological
advancement; it demands a comprehensive approach that addresses human behaviour, economic considerations, and
legal frameworks. By focusing on these aspects, this research will contribute to the development of practical, scalable
solutions for future urban energy systems.

2. Technological Overview: Wireless Energy Transmission in Smart Cities.

Wireless Energy Transmission (WET) has a long history of development, tracing its origins back to the early
experiments of Nikola Tesla in the late 19th century (Maloberti and Davies, 2022). Tesla’s work on wireless power
transfer laid the theoretical groundwork for many modern WET technologies. He envisioned the transmission of energy
across long distances using electromagnetic waves, aiming to deliver electricity wirelessly to homes and industries as
explained in Figure 1 (Perera et al.,, 2017). However, technological limitations at the time, along with the rise of wired
infrastructure, relegated WET to theoretical research for much of the 20th century. It wasn’t until the early 21st century
that significant breakthroughs in materials science, electronics, and electromagnetics rekindled interest in WET. Two
key advancements enabled this resurgence: resonance-based power transfer and microwave energy transmission.
Resonance-based power transfer, which works by using electromagnetic fields to induce current in receiving devices,
allows energy to be transmitted over short to medium distances without physical contact (Khan et al., 2020; Jiang et al.,
2021). This technology is at the heart of many consumer products, such as wireless charging pads for smartphones and
electric vehicles. Microwave transmission, on the other hand, uses directed microwave beams to transmit energy over
longer distances. Though still in the experimental phase for large-scale applications, microwave-based WET has
demonstrated success in niche areas like satellite power systems and remote energy transmission. In recent years, laser-
based WET has emerged as a potential breakthrough for the transmission of energy over even greater distances with
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high precision. This technology could allow for energy transmission from satellites to Earth or between urban grids
without significant energy loss.

WET holds immense potential for transforming energy management in smart cities. One of its most immediate
applications is in powering Internet of Things (IoT) devices. The rise of [oT devices in smart cities, from traffic sensors
to environmental monitoring systems, requires a distributed and reliable energy source (Raj et al., 2022). WET could
eliminate the need for constant battery replacement or extensive wiring, enabling uninterrupted operation of these
devices. For example, a city equipped with wireless charging zones could power its network of air quality monitors,
public security cameras, and smart traffic lights seamlessly. Another major application is in smart vehicles and
autonomous transportation systems. Currently, electric vehicles (EVs) rely on plug-in chargers, which limit their range
and usability. WET could enable wireless charging of EVs at designated spots across the city or even while they are in
motion (Karki et al.,, 2020). A 2022 study estimated that wireless charging infrastructure could reduce EV downtime by
30%, increasing the overall efficiency of urban transportation systems.
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Figure 1 An mmWave-enabled wireless power transfer scheme for smart cities (Perera et al., 2017)

WET can also enhance the functionality of energy-efficient buildings. In commercial and residential buildings, wireless
energy systems could be used to power lights, HVAC systems, and appliances without the need for complex electrical
wiring (Ramalingam and Shanmugam, 2022). Combined with solar power and smart grid technologies, WET could
further optimize energy use in buildings, contributing to reduced energy consumption and lower carbon emissions. The
integration of WET in urban grids would allow for more flexible and decentralized energy distribution. Microgrids could
be established to distribute wireless power within specific areas, allowing for localized energy management in
neighbourhoods or city districts.

Despite its potential, WET faces several technical and infrastructural challenges, particularly when it comes to large-
scale implementation in smart cities (Gupta et al., 2021). One of the primary technical limitations of WET is the distance
over which energy can be transmitted. Most current technologies can only transmit energy effectively over short
distances (a few meters). For large-scale urban deployment, this limitation would require either highly localized energy
hubs or significant advancements in long-range wireless power transfer, such as microwave or laser-based systems.
WET systems are often less efficient than traditional wired systems due to energy losses during transmission. This issue
is particularly acute in longer-range systems where energy dissipates before reaching the receiver (Agupugo et al.,
2024). For instance, resonance-based systems often operate at around 85% efficiency, while wired systems can reach
99% efficiency. Even a small loss in efficiency can become significant when applied to large-scale power needs in a smart
city. There are concerns regarding the safety of WET systems, particularly those that involve electromagnetic radiation
or microwave transmission. Regulatory standards and safety measures would need to be established to ensure that
these systems do not pose health risks to the public (Filip et al.,, 2022). A 2020 report by the International Commission
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on Non-lonizing Radiation Protection (ICNIRP) emphasized the need for stringent regulations regarding exposure to
electromagnetic fields in urban environments.

The integration of WET into existing cities would require substantial infrastructure changes. This could involve the
installation of wireless charging pads in roads, public spaces, and transportation hubs, as well as the construction of
localized energy transmission towers. According to a 2021 study, the cost of retrofitting a mid-sized city for WET
integration could range from $50 million to $200 million, depending on the extent of the infrastructure needed. For
WET to be fully integrated into smart cities, it needs to be coordinated with broader urban planning initiatives. This
includes ensuring that WET technologies align with public transport systems, green energy goals, and smart grid
infrastructures (Agupugo et al., 2022). Many cities, particularly in the developing world, face challenges in upgrading
existing infrastructures, making WET adoption difficult without external funding or public-private partnerships (Li et
al, 2020). While Wireless Energy Transmission offers groundbreaking potential for powering smart cities, its
widespread adoption faces significant technical, economic, and planning challenges. However, with continued
technological advancements and strategic planning, WET could become a key enabler of smart, sustainable urban
environments.

2.1. Behavioral Strategies for Widespread Adoption of Wireless Energy Transmission (WET)

Despite the technological advantages of Wireless Energy Transmission (WET), several psychological barriers hinder its
widespread adoption. Understanding these barriers is crucial to developing strategies that promote the acceptance and
usage of WET systems in smart cities (Ureta et al., 2021). One of the most significant challenges in introducing any new
technology, including WET, is public scepticism. People tend to be wary of unfamiliar technologies, particularly when
they involve complex scientific principles or operate invisibly, as WET does. The concept of transmitting energy through
invisible waves can evoke concerns about its impact on health and safety, similar to early concerns about mobile phone
radiation and Wi-Fi signals. A 2021 survey by Pew Research found that 49% of respondents expressed concerns about
the safety of wireless technologies, highlighting the need for public education to mitigate fears and build trust in WET.
The invisibility of WET makes it difficult for users to comprehend how the technology works, leading to a lack of trust.
Many people equate the invisibility of energy transfer with a loss of control over their environment. Additionally, some
may perceive potential dangers associated with exposure to electromagnetic fields, even though numerous studies,
including a 2020 report from the World Health Organization, have shown no conclusive evidence of harm from non-
ionizing radiation (Verbeek et al, 2021). To overcome this, clear communication about the safety and regulatory
standards of WET is essential. Human behaviour is often resistant to change, especially when it comes to daily habits
and established routines. The transition from traditional wired energy systems to WET requires a shift in mindset,
which can be difficult for many people. Behavioral inertia, or the tendency to stick with the status quo, is a well-
documented phenomenon in the adoption of new technologies. According to a 2022 study on consumer behaviour,
approximately 60% of individuals tend to resist adopting new technologies if they perceive a disruption to their
established practices. This resistance can slow the adoption of WET systems, even if they offer long-term benefits. Table
1 outlines essential behavioural strategies for fostering the widespread adoption of Wireless Energy Transmission in
both consumer and commercial sectors (Mutule et al., 2021).

Table 1 Essential behavioural strategies for fostering the widespread adoption of Wireless Energy Transmission
(Mutule et al.,, 2021)

benefits, safety, and functionality of WET.

Strategy Description Key Considerations
Awareness Initiating public awareness initiatives to | Focus on highlighting the advantages of
Campaigns educate individuals and businesses about the | convenience, efficiency, and

environmental impact. Address potential
concerns such as safety  and
electromagnetic exposure.

User-Friendly Designing intuitive and accessible user | Ensure seamless integration with existing

Interfaces and | interfaces for WET-enabled devices to ensure a | smart home or city technologies. Use

Devices smooth user experience. familiar interfaces and clear instructions to
reduce technological resistance.

Incentivization Offering financial incentives, such as rebates or | Implement tiered incentives for

Programs tax credits, to early adopters of WET | households, businesses, and public spaces.

technologies. Develop long-term reward systems for

consistent use of WET.
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Social Influence and
Peer Learning

Leveraging social influence by promoting case
studies and testimonials from early adopters to
encourage wider uptake.

Utilize social media, influencers, and
community leaders to create positive
narratives around WET. Promote adoption
through word-of-mouth and peer-to-peer
education.

Collaborative Public
Demonstrations

Organizing public demonstrations and
collaborative events to showcase WET
applications in real-world scenarios, such as
smart cities or public transportation systems.

Engage local communities and media for
maximum outreach. Make demonstrations
interactive and participatory to drive
curiosity and enthusiasm.

Behavioral Nudges

Introducing subtle cues or nudges to encourage
the use of WET, such as reminders in public
places, gamification techniques, or energy
consumption tracking apps.

Design nudges to be simple, timely, and
linked to user preferences. Consider
integrating gamification features to
reward positive behaviour, like milestones
for wireless energy usage.

Social Norming

Establishing WET as a new social norm by
embedding the technology into everyday
infrastructure (e.g., charging stations in public
spaces) and promoting the idea that WET is the
standard energy transmission method.

Consistent messaging across advertising,
public policy, and corporate
communication will be key. Encourage
governmental and corporate investment in
WET for public visibility.

Community Engaging communities in the design and | Create open communication channels for

Engagement and | implementation process of WET technologies, | continuous user feedback and rapid

Feedback Loops gathering feedback and adapting strategies | adjustment to concerns or suggestions.
based on user experiences. This fosters a sense of ownership and

boosts adoption rates.

Psychological Framing WET as a future-proof and | Highlight positive environmental impacts,

Framing environmentally  responsible  technology, | such as reduced reliance on non-
aligning  with  broader  environmental | renewable energy sources and lower
sustainability goals to appeal to eco-conscious | carbon emissions, to enhance emotional
consumers. and psychological resonance.

Trust Building | Providing transparent information about the | Publish research, safety data, and case

Through technology, safety standards, and data privacy | studies to foster  trust. Open

Transparency measures associated with WET, addressing | communication from both government

potential fears or concerns among users. and corporate entities is crucial in
mitigating concerns around health and

safety.

To overcome these psychological barriers, targeted behavioural strategies can encourage widespread adoption of WET
in smart cities (Fartash et al, 2021). By addressing concerns, educating the public, and creating user-friendly
experiences, WET can become a more appealing and accessible option for urban dwellers. One of the most effective
ways to address public concerns and build trust in WET is through education and awareness campaigns. These
campaigns should focus on explaining the benefits of WET, such as its potential to reduce wiring costs, enhance energy
efficiency, and provide greater convenience in daily life. Public demonstrations, workshops, and informative materials
can help demystify the technology and showcase its practical applications. For example, a 2021 awareness campaign
for electric vehicle (EV) adoption in the United States resulted in a 20% increase in public interest within six months,
demonstrating the power of education in driving technological adoption. The design of WET systems should prioritize
ease of use and seamless integration into daily life (Lee and Baek, 2021). By offering intuitive interfaces, such as wireless
charging pads in public spaces or user-friendly mobile apps for monitoring energy consumption, WET systems can
reduce the perceived complexity of the technology. Ensuring that users can interact with the system effortlessly is
essential for encouraging adoption. The success of wireless charging systems for consumer electronics, like
smartphones, underscores the importance of convenience in driving behavioural change. Studies have shown that user-
friendly designs can boost technology adoption rates by up to 25%. Gamification using game-like elements in non-
gaming contexts—can be a powerful tool for encouraging the adoption of WET (Ofosu-Ampong et al., 2020). Reward
systems that incentivize energy-saving behaviours or participation in WET initiatives can motivate users to engage with
the technology. For example, users could earn points or rewards for charging their electric vehicles using WET
infrastructure or reducing energy consumption in wireless-powered buildings. A 2020 study on gamification in energy
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conservation found that households using a reward-based system reduced their energy consumption by 15%,
demonstrating the effectiveness of such approaches in promoting behavioural change.

The behavioural adoption of WET can be informed by lessons learned from other technological transitions, such as
electric vehicles (EVs) and renewable energy systems (Temby and Ransan-Cooper, 2021). The adoption of EVs faced
significant behavioural barriers in its early stages, including concerns about range, cost, and charging infrastructure.
However, targeted strategies such as public education campaigns, government incentives, and improvements in user
experience have helped overcome these challenges. Between 2010 and 2020, the global number of EVs grew from
17,000 to over 10 million, according to the International Energy Agency (IEA). The introduction of financial incentives,
such as tax rebates and subsidies, played a key role in accelerating adoption, highlighting the importance of economic
incentives alongside behavioural strategies. The shift to renewable energy sources, such as solar and wind power, has
similarly faced resistance due to concerns about cost, reliability, and environmental impact. However, as public
awareness of environmental issues has grown, so too has the adoption of renewable energy. In the European Union, for
example, the share of renewable energy in gross final energy consumption rose from 14.5% in 2009 to 22.1% in 2020.
Public education campaigns about the benefits of clean energy, combined with government incentives and subsidies,
were instrumental in driving this shift. The parallels between renewable energy and WET adoption are clear: addressing
public concerns through education and economic incentives can drive behavioural change. Widespread adoption of
Wireless Energy Transmission in smart cities will require a combination of strategies that address psychological
barriers and provide clear behavioural incentives (Wang et al., 2022). By learning from past technological transitions,
policymakers and city planners can design systems that foster trust, convenience, and engagement with WET, ensuring
its successful integration into urban environments.
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2.2. Economic Strategies for Facilitating Ubiquitous WET Integration

One of the primary economic barriers to the widespread adoption of Wireless Energy Transmission (WET) in smart
cities is the high initial cost of infrastructure (Alnahari and Ariaratnam, 2022). Implementing WET systems requires
substantial investments in both hardware and software, including energy transmitters, receivers, and integration with
existing energy grids. The installation of wireless charging stations, inductive pads, and transmission hubs, especially
in large urban areas, can be capital-intensive. For example, a study by the National Renewable Energy Laboratory
(NREL) estimated that the cost of installing wireless energy systems for electric vehicles across a medium-sized city
could range from $50 million to $100 million, depending on the scope and scale of the project. These high upfront costs
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can discourage businesses and municipalities from committing to WET infrastructure, as the long-term returns may
seem uncertain compared to traditional wired systems (Beard et al., 2020). Another significant barrier is the concern
over the return on investment (ROI) for businesses and local governments. Municipalities and companies may hesitate
to invest in WET due to uncertainties regarding adoption rates, energy consumption patterns, and the lifespan of WET
technologies. The financial benefits of WET—such as savings on maintenance and reduced dependence on fossil fuels—
are often realized only in the long term, which can deter decision-makers from seeking more immediate returns. In
addition, businesses may be concerned that consumers will not adopt WET-enabled products quickly enough to justify
the investment, exacerbating the challenge of predicting a reliable ROI. The lack of clear policy frameworks and
regulatory guidelines for WET implementation is another obstacle. Governments may be slow to develop regulations
that govern the use, safety, and distribution of WET in public spaces. For example, questions regarding who owns the
transmitted energy, how it is monitored, and how energy providers are compensated must be answered before large-
scale deployment can occur. Without regulatory clarity, investors may be reluctant to fund WET projects. Additionally,
some cities may face zoning restrictions, environmental regulations, or safety codes that delay or prevent the
installation of WET infrastructure (Hobbie and Grimm, 2020).

One of the most effective strategies for overcoming the financial barriers to WET implementation is fostering public-
private partnerships (PPPs). Through PPPs, the cost burden of infrastructure development can be shared between
governments and private entities, making it more feasible for municipalities to invest in cutting-edge technologies like
WET. For example, in 2021, the European Union facilitated several PPP projects aimed at advancing smart city
infrastructure, including wireless energy systems for public transportation. Such collaborations help reduce the
financial risk for both parties and enable broader access to investment funds (Lerne and Nanda, 2020). Governments
can also provide low-interest loans or co-financing schemes to incentivize businesses to invest in WET infrastructure.
A dynamic pricing model, which adjusts energy costs based on demand, could be an effective way to promote WET
adoption. In smart cities, dynamic pricing allows consumers to benefit from lower energy costs during off-peak hours,
encouraging them to use WET-enabled devices like electric vehicles or [oT devices during times when energy demand
is lower. This model would not only help balance the load on the energy grid but also provide economic incentives for
users to adopt WET technologies. A similar approach has been successfully implemented in smart grids, where dynamic
pricing has been shown to reduce energy consumption by 10-15% during peak hours. Applying this model to WET could
further enhance its cost-effectiveness. Governments can play a crucial role in facilitating the integration of WET by
offering financial incentives (Rasul and Neupane, 2021). Subsidies, tax breaks, and grants for both businesses and
consumers can help offset the initial costs of WET systems. For instance, businesses that install WET infrastructure
could receive tax credits, while consumers who purchase WET-enabled devices might qualify for rebates. These
incentives would make the technology more affordable and accessible, promoting early adoption. A historical parallel
can be seen in the renewable energy sector, where government incentives significantly boosted the adoption of solar
panels and wind turbines. The U.S. Solar Investment Tax Credit, introduced in 2006, contributed to a 42% annual growth
in the solar industry. Similar financial mechanisms could accelerate WET deployment in smart cities (Tabassum et al.,
2021).

Despite the high initial costs, WET systems offer significantlong-term savings. By reducing the need for extensive wiring
and decreasing energy loss during transmission, WET can lead to more efficient energy use in smart cities (Zeb et al.,
2022). For instance, wireless energy systems for electric vehicles can reduce downtime and maintenance costs, leading
to increased efficiency in transportation networks. Over time, these savings can outweigh the initial investment,
especially when coupled with reduced reliance on fossil fuels. As cities transition to cleaner, more sustainable energy
sources, WET can play a critical role in reducing carbon emissions and lowering energy costs. A 2020 report by
McKinsey & Company estimated that smart city energy solutions, including WET, could reduce energy expenditures by
up to $160 billion annually worldwide. The integration of WET into urban areas also offers numerous socio-economic
benefits. First, it can promote greater access to clean energy, particularly in underserved communities where traditional
energy infrastructure may be lacking. WET can democratize energy access by reducing the need for expensive grid
expansions, enabling more equitable energy distribution (Golding, 2021). Furthermore, WET-enabled smart cities could
create new economic opportunities by fostering innovation and attracting tech-driven industries. The deployment of
WET infrastructure could lead to the creation of jobs in engineering, construction, and energy management, further
contributing to local economic growth. Additionally, WET’s ability to integrate seamlessly with renewable energy
sources like solar and wind power could help cities achieve their sustainability goals. By supporting the transition to
renewable energy, WET can contribute to the reduction of greenhouse gas emissions, helping to mitigate climate change
while enhancing energy security. While economic barriers such as high infrastructure costs and uncertain returns on
investment pose challenges to WET adoption, a range of economic strategies can help facilitate its integration into smart
cities. Public-private partnerships, dynamic pricing models, and financial incentives are key to overcoming these
barriers, offering both immediate and long-term benefits that make WET a viable and transformative energy solution
(Voorwinden, 2021).
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2.3. Interplay of Behavioral and Economic Factors in WET Adoption

The integration of Wireless Energy Transmission (WET) in smart cities requires a comprehensive approach that
addresses both behavioural and economic factors (Mahmood et al., 2021). Understanding how human behaviour
interacts with financial incentives is critical for the widespread adoption of WET technologies. This section explores the
synergies between behavioural and economic strategies, proposes an integrated framework for WET adoption, and
suggests patentable solutions for accelerating the technology's uptake. Economic strategies such as subsidies, tax
incentives, and dynamic pricing models are effective in promoting technology adoption, but their impact can be
significantly enhanced by behavioural interventions. For instance, studies show that when economic incentives are
paired with targeted awareness campaigns, adoption rates can increase dramatically. A case in point is the adoption of
renewable energy systems. According to the International Energy Agency (IEA), countries that implemented public
education initiatives alongside economic incentives for solar panels saw a 30% higher adoption rate compared to those
that relied on financial incentives alone. Similarly, for WET, public education campaigns can increase the perceived
value of WET technology, encouraging more users to invest in the infrastructure and devices required for wireless
energy (Dyantyi and Njenga, 2022). Additionally, leveraging social proof—showcasing how others are benefiting from
WET can reduce psychological barriers and enhance the effectiveness of economic incentives. For example, research on
electric vehicle (EV) adoption found that visible charging stations in urban areas serve as a form of social proof, making
individuals more likely to purchase EVs. In the context of WET, the more people see others using wireless charging
stations or wireless energy-enabled devices, the more they are likely to embrace the technology, particularly when
coupled with economic incentives like rebates or dynamic pricing. Social norms play a pivotal role in shaping collective
behaviour, especially when new technologies are involved. Economic incentives can drive individual decisions, but
widespread adoption of WET requires a shift in collective behaviour. Social norms—unwritten rules that govern
behaviour can either hinder or promote the uptake of WET systems, depending on how they are shaped. In situations
where WET is perceived as environmentally friendly or cutting-edge, social norms can encourage its use. To foster
positive social norms, policymakers can implement pilot projects that highlight the economic and environmental
benefits of WET. For example, a 2019 study on the adoption of renewable energy sources in Denmark demonstrated
that communities exposed to small-scale, successful renewable energy projects were more likely to support large-scale
deployments. Similarly, early WET adopters, such as public transportation systems or smart buildings, can serve as role
models for the wider community, illustrating the economic and societal benefits of the technology (Schwartz and Krarti,
2022). The combination of social norms and economic incentives creates a reinforcing cycle that can drive widespread
WET adoption.

An integrated framework for WET adoption must address the psychological, social, and economic dimensions of
technology adoption (Sunny et al., 2022). One potential model involves three interconnected pillars: behavioural
nudges, economic incentives, and social engagement. These are small interventions designed to influence decision-
making without restricting choices. For WET, nudges might include default settings that encourage the use of wireless
energy systems, such as wireless charging stations installed in public spaces. Subsidies, grants, and dynamic pricing
models can encourage early adopters and lower the perceived cost barriers to WET adoption. Community-driven
projects and public demonstrations of WET technologies can create social proof and foster new social norms that
encourage widespread usage (Fadairo et al., 2020). By combining these elements, cities can create a holistic approach
to WET adoption that addresses the psychological reluctance, economic concerns, and social hesitations that may
otherwise impede progress. Scaling WET adoption across urban populations requires adaptive strategies that take into
account the diverse economic backgrounds, technological literacy, and energy needs of different communities. For
example, low-income neighbourhoods may require additional subsidies or targeted outreach efforts to encourage the
use of WET-enabled devices, while tech-savvy populations might respond more to gamification techniques that reward
frequent use of wireless energy systems. Data from smart grid implementations show that engagement strategies need
to be tailored to specific population groups. In one study conducted in the U.K., dynamic pricing and awareness
campaigns led to a 17% reduction in energy use in affluent areas but had less impact in low-income neighbourhoods,
where upfront costs and distrust of new technologies were higher. Thus, an adaptive strategy for WET should involve
flexible economic models such as tiered pricing or sliding-scale subsidies combined with tailored behavioural
interventions, such as community-led education initiatives or incentive programs (Cox and Henderson, 2022). A key
objective of this research is to identify patentable solutions that combine behavioural and economic strategies for WET
adoption. One potential innovation is a patentable "smart incentive platform" that dynamically adjusts economic
rewards based on user behaviour. For example, the platform could track the energy usage patterns of wireless energy
users and provide tailored economic incentives (such as discounted energy rates or loyalty rewards) based on their
engagement with WET systems. By leveraging real-time data, this platform could provide both individual and collective
rewards, encouraging not only individual adoption but also broader community engagement. Another potential
patentable solution is a wireless energy device with embedded social features. For instance, users could earn points for
every kilowatt-hour of wireless energy they consume, which they can share or compare with friends via a mobile app,
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fostering competition and collective action. This system could integrate gamification elements with economic
incentives, driving behavioural change through competition and social engagement. Finally, adaptive infrastructure
designs that combine both economic and psychological incentives such as wireless charging stations that offer real-time
pricing discounts during low-demand periods could be another patentable avenue. By embedding dynamic pricing
features into the physical infrastructure, cities could encourage more widespread use of WET systems while balancing
the load on the energy grid (Sharda et al., 2021).

The interplay of behavioural and economic factors is essential for the successful integration of WET in smart cities
(Baklanov et al., 2020). By combining economic incentives with behavioural interventions and leveraging social norms,
cities can create a comprehensive strategy for widespread WET adoption. An integrated framework that addresses
psychological, social, and economic dimensions will not only accelerate adoption but also foster the development of
patentable solutions that further enhance the effectiveness of WET systems.

2.4. Legal and Regulatory Considerations in Wireless Energy Transmission

The successful integration of Wireless Energy Transmission (WET) in smart cities hinges not only on technological
advancements and public adoption but also on the establishment of robust legal and regulatory frameworks (Ijemaru
et al., 2022). The regulatory landscape for WET is still in its formative stages, with different regions adopting varying
approaches based on their existing energy policies and technological ecosystems. In many countries, WET is regulated
under broader energy policies that govern wireless communication and electromagnetic spectrum use. For instance, in
the United States, the Federal Communications Commission (FCC) oversees the use of radio frequencies essential for
wireless power transfer, while the Federal Energy Regulatory Commission (FERC) regulates the broader energy
infrastructure. Similarly, the European Union (EU) has begun incorporating WET into its regulatory framework through
directives on energy efficiency and electromagnetic compatibility. However, these regulations are often piecemeal and
not specifically tailored to the unique requirements of WET. This can lead to gaps in safety standards, inconsistencies
in implementation, and uncertainties in compliance, particularly when it comes to large-scale urban deployments. The
regulatory challenges for WET vary significantly across regions due to differences in legal systems, technological
infrastructure, and economic priorities (King et al.,, 2021). In developed regions like North America and Europe, the
primary challenge lies in integrating WET into existing energy and communications infrastructures without disrupting
services or creating new safety hazards. Regulatory bodies must address concerns about electromagnetic interference,
energy efficiency, and public safety while ensuring that WET technologies comply with existing environmental and
health standards. In contrast, developing regions face different challenges. In many parts of Asia and Africa, the lack of
a comprehensive regulatory framework for emerging technologies like WET can slow down adoption and innovation.
These regions often have less stringent regulations, which can lead to safety risks, but also present an opportunity to
develop new frameworks that encourage innovation while ensuring public safety. Additionally, the disparity in
infrastructure development between urban and rural areas in these regions poses a significant challenge to the
widespread deployment of WET technologies.

Renewable Energy Act e State plans

Centralized special rules
for the use of renewable
Specialized rules for energy sources
the use of renewable
energy sources

Regional/local RES rules
Renewable Energy and regulations

Regulation System

Other energy laws
including renewable
energy

Non-specialized rules,
including provisions for
the use of renewable

energy sources Laws on the environment
and climate protection,
including RES

Figure 3 Proposed system of legal regulation of renewable energy (Sabyrzhan et al.,, 2021)
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To foster innovation in WET, governments and regulatory bodies need to adopt proactive policies that encourage
research, development, and deployment of these technologies as explained in figure 3 (Vushe, 2021; Sabyrzhan et al.,
2021). One recommendation is to establish clear and consistent regulatory standards that address the unique
characteristics of WET, such as electromagnetic field exposure limits and energy efficiency requirements. Governments
should also consider creating regulatory sandboxes-controlled environments where companies can test WET
technologies without the full burden of regulation (Lin and Chen, 2020). This approach allows regulators to observe the
technology in action and refine policies based on real-world data. Another critical policy recommendation is to
harmonize regulations across regions to facilitate global deployment and integration of WET technologies. This could
involve international cooperation to develop common standards for WET, similar to how the International
Telecommunication Union (ITU) coordinates global telecommunications standards (Frieden, 2020). Streamlining the
approval process for WET technologies is essential for accelerating their adoption in smart cities. One strategy is to
create specialized regulatory bodies or task forces focused solely on emerging technologies like WET. These bodies
could provide faster review times and more tailored guidance to companies developing WET solutions. Additionally,
adopting a risk-based approach to regulation where the stringency of regulations is proportional to the potential risks
can help balance safety with innovation. Another strategy involves implementing a tiered approval process, where
small-scale or pilot WET projects receive expedited approval, while larger deployments undergo more rigorous review.
This approach encourages incremental innovation and allows regulators to gather data and refine policies as the
technology evolves. As WET technologies advance, intellectual property (IP) considerations become increasingly
important. Companies developing novel methods for integrating WET into smart cities must navigate complex patent
landscapes to protect their innovations (Ghorbani et al., 2022). Patent laws vary widely between regions, which can
create challenges for companies seeking global IP protection. Innovators must conduct thorough patent searches and
consider filing for patents in multiple jurisdictions to secure comprehensive protection. Additionally, policymakers
should consider updating patent laws to better accommodate emerging technologies like WET. This could include
extending the scope of patentable subject matter to cover new types of WET-related inventions or creating expedited
patent examination processes for technologies deemed critical for smart city development. The legal and regulatory
landscape for WET in smart cities is still developing, with significant challenges and opportunities ahead. By creating
supportive legal frameworks, streamlining approval processes, and addressing IP considerations, governments and
regulatory bodies can foster innovation and facilitate the widespread adoption of WET technologies. These efforts will
be essential for ensuring that WET becomes an integral part of the smart cities of the future, enabling more efficient and
sustainable urban environments (Mishra et al., 2022).

2.5. Case Studies of Wireless Energy Transmission (WET) Integration in Smart Cities

Wireless Energy Transmission (WET) is emerging as a pivotal technology for the energy infrastructure of smart cities
(Sah et al., 2022). Around the globe, select cities have begun adopting WET to power various devices, enhance urban
mobility, and integrate renewable energy. This section provides an analysis of global case studies where WET systems
have been implemented, exploring the behavioural and economic strategies employed. It also identifies key success
factors and lessons learned to guide future smart city development.

Ouly, a city in northern Finland, has been at the forefront of smart city innovation and WET integration (Meyer, 2022).
The city began a pilot project in 2019, incorporating resonant inductive coupling technology to wirelessly charge
electric buses. Charging pads were installed at bus stops, enabling buses to recharge wirelessly during regular
operations. This initiative significantly reduced downtime, improving fleet efficiency. The city secured funding through
public-private partnerships and utilized European Union (EU) grants aimed at fostering green energy solutions. By
collaborating with energy companies and research institutions, Oulu reduced the financial burden on the city and
accelerated the project timeline. Public information campaigns were critical for reducing scepticism surrounding
wireless charging. Community workshops and demonstrations were organized to raise awareness and ensure the
public's trust in the safety and benefits of WET (Loury et al., 2021).

In 2020, Oslo implemented a large-scale WET project focusing on inductive wireless charging for electric taxis. The city
partnered with wireless energy companies like Momentum Dynamics to install charging pads at taxi stands. The system
enabled taxis to charge wirelessly while waiting for passengers, thus removing the need for extensive physical charging
infrastructure (Oliveira et al., 2020). Oslo’s initiative was driven by Norway’s government-backed incentives for
electrification. The city utilized tax rebates and subsidies to encourage taxi operators to adopt electric vehicles (EVs),
further facilitated by the convenience of wireless charging. The economic benefits were underscored by a reduced
reliance on fossil fuels, long-term savings from efficient energy usage, and lower maintenance costs associated with
wireless systems. A major focus in Oslo was to reduce the perceived complexity of WET. The city deployed user-friendly
interfaces for taxi drivers, simplifying the transition from conventional charging to wireless systems. Awareness
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campaigns emphasized the environmental and cost benefits, fostering a positive attitude toward the technology.
According to data from Oslo’s municipal reports, the initiative led to a 30% increase in EV taxi adoption by 2022.

Shanghai, known for its progressive stance on smart city technologies, piloted a WET project focused on powering
Internet of Things (IoT) devices across urban infrastructure (Zareba et al.,, 2021). Wireless charging technology was
integrated into streetlights, traffic signals, and public Wi-Fi hotspots to minimize the need for wired connections and
enhance urban efficiency. Shanghai’s pilot was funded through a combination of municipal investment and private
partnerships with leading Chinese tech companies. The city also took advantage of government policies promoting
smart city development and innovation, helping offset the high initial costs of WET infrastructure. Shanghai launched
extensive educational campaigns aimed at both the public and key stakeholders, explaining the utility of wireless power
systems in maintaining urban infrastructure. Public exhibitions and tech showcases were utilized to familiarize the
population with the benefits of WET (McGenity et al., 2020). As a result, the city saw a 15% reduction in operational
costs associated with maintaining wired infrastructure within three years of implementation.

Across these case studies, several commonalities have emerged. Firstly, public-private partnerships were essential in
reducing the financial burden on cities and accelerating the adoption of WET technologies. Leveraging government
subsidies, tax incentives, and private investments enabled cities like Ouly, Oslo, and Shanghai to overcome high initial
costs. Secondly, widespread public education and awareness campaigns played a crucial role in addressing
psychological barriers. By openly communicating the safety, reliability, and benefits of WET systems, these cities
fostered public trust and encouraged behavioural adoption (Bellezoni et al., 2022). Public acceptance, in turn, facilitated
quicker scaling of WET technologies across different urban sectors. The key success factors identified from these global
examples can guide future smart cities in adopting WET technologies. Ensuring a well-coordinated mix of economic
incentives and behavioural strategies is critical. Governments must proactively design subsidies and grants to ease the
financial challenges, while private companies can provide technological expertise. Additionally, public engagement is
paramount. Smart cities can learn from the educational campaigns in Oslo and Shanghai, where community involvement
and transparent communication helped overcome scepticism and foster acceptance. As future WET technologies evolve,
cities must remain agile in addressing both technical and societal challenges. The integration of WET systems in smart
cities hinges on a combination of economic and behavioural strategies. The case studies of Oulu, Oslo, and Shanghai
reveal that strong public-private partnerships, robust economic incentives, and proactive public engagement are
essential for widespread adoption. These lessons provide a blueprint for future smart cities, helping them navigate the
complexities of WET integration while maximizing the technology's benefits.

2.6. Future Trends and Opportunities in Wireless Energy Transmission (WET)

Wireless Energy Transmission (WET) is poised to become an integral component of smart cities as technological
advancements and urbanization accelerate (Choudhary et al, 2021). As cities evolve to accommodate growing
populations and increasing energy demands, WET offers a sustainable and efficient energy solution. This explores
emerging innovations in WET technologies, integration with other smart city systems, and opportunities for developing
patentable solutions, particularly in the realms of behaviour-driven systems and economic models.

Technological progress in WET continues to expand the boundaries of what is possible in energy transmission,
particularly through the integration of artificial intelligence (AI). Al-enhanced energy management systems are
becoming a crucial advancement, optimizing energy distribution and consumption in real-time. For instance, Al can
monitor energy needs across different city sectors—transportation, buildings, and IoT devices and automatically adjust
the energy supply to maximize efficiency. These intelligent systems can learn from usage patterns, predict demand
fluctuations, and allocate wireless power accordingly. Additionally, breakthroughs in long-range wireless power
transfer using resonance-based power and microwave transmission are reshaping WET applications. New
developments in magnetically coupled resonators have increased transmission range and efficiency, making WET more
feasible for urban-scale deployment (Toro et al.,, 2022). This allows smart city infrastructures to power devices such as
drones, electric vehicles, and other mobile technologies without the need for frequent recharging at physical stations.
The convergence of WET with other smart city technologies, such as 5G networks, the Internet of Things (IoT), and
autonomous systems, presents new opportunities for enhancing urban life. 5G’s ultra-low latency and high-speed
connectivity are pivotal for supporting the massive data transfer required for real-time energy management. WET
systems can be integrated into 5G networks to ensure seamless communication between power transmitters and
receivers in a smart city environment (Muratkar et al., 2022). This will enable continuous power delivery to [oT devices
like smart sensors, traffic lights, and public Wi-Fi stations, enhancing their reliability and operational efficiency.
Moreover, WET plays a crucial role in the deployment of autonomous systems, such as electric vehicles and drones. As
these technologies become more prevalent in smart cities, WET solutions that wirelessly charge autonomous vehicles
during operation will reduce downtime, eliminate the need for large-scale charging stations, and increase the
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sustainability of urban mobility systems. This could be particularly impactful for electric public transportation systems,
where continuous wireless charging at bus stops or taxi stands can maintain operational efficiency.

One of the most exciting areas for patentable innovation lies in the development of behavior-driven WET systems. By
leveraging behavioural data from users, WET technologies can be designed to adapt dynamically to individual or
collective energy consumption patterns (Piano and Smith, 2022). For instance, Al-powered platforms could predict a
user’s energy needs based on their daily habits such as commuting times, building usage, or device charging patterns
and automatically adjust wireless power supply accordingly. Such personalized energy delivery systems present a
fertile ground for patenting unique algorithms and interfaces that make WET systems user-centric. Moreover,
gamification and incentive-driven energy systems present another area for innovation. By designing WET interfaces
that reward users for efficient energy use, cities could promote sustainable energy consumption while increasing public
engagement. For example, integrating real-time feedback systems that show users how much energy they save when
using WET, compared to traditional methods, could drive adoption rates. These behaviour-driven systems could
become patentable innovations by combining unique methods of data collection, user interaction, and energy
management algorithms. Economic strategies for monetizing WET technologies also present a wealth of patentable
opportunities. Dynamic pricing models, where users are charged different rates based on peak demand periods or
energy efficiency, could be embedded into smart city infrastructures (Saharan et al., 2020). Such models can leverage
Al-driven analytics to optimize wireless energy pricing, ensuring equitable access while maintaining profitability for
energy providers. Patenting these dynamic pricing systems, particularly those that adapt to user behaviour in real-time,
would offer a competitive edge to innovators in the WET market. Furthermore, public-private partnerships for financing
WET infrastructure open opportunities for creating new economic models that can be patented. For instance, models
that allow energy providers, governments, and private companies to share infrastructure costs and profits, while
dynamically adjusting prices based on demand, offer a scalable and financially sustainable framework for deploying
WET technologies. Patents could be filed for specific methods of structuring these partnerships, including contractual
agreements, profit-sharing mechanisms, and incentive structures that encourage investment in WET.

The future of Wireless Energy Transmission in smart cities is marked by tremendous technological advancements and
innovation opportunities. With Al-enhanced energy management systems, long-range wireless power transfer, and
integration with 5G and IoT, WET will transform how energy is distributed and consumed in urban environments.
Opportunities for patenting new technologies abound, particularly in behaviour-driven WET systems and innovative
economic models. As these technologies continue to evolve, WET will play an increasingly critical role in powering the
cities of the future, offering both environmental sustainability and economic viability.

3. Conclusion

The integration of Wireless Energy Transmission (WET) into smart cities represents a transformative advancement in
urban energy systems. This essay has explored the multifaceted strategies necessary for the successful adoption of WET,
emphasizing both behavioural and economic dimensions.

Behavioural strategies for widespread WET adoption involve addressing psychological barriers such as public
scepticism and resistance to change. Educational campaigns, user-friendly designs, and gamification have proven
effective in overcoming these hurdles and fostering acceptance. Economically, high initial infrastructure costs and
concerns about return on investment pose significant challenges. Strategies such as public-private partnerships,
dynamic pricing models, and subsidies are crucial for mitigating these economic barriers and facilitating widespread
implementation. Addressing these psychological and economic barriers is vital to ensure a smooth transition to WET
systems, maximizing their potential benefits in urban environments.

Looking ahead, further research is needed to refine WET technologies and optimize their integration into smart cities.
Studies should focus on improving energy efficiency, extending the range of wireless power transfer, and enhancing the
adaptability of WET systems to diverse urban contexts. Additionally, exploring innovative economic models and
behavioural incentives will be essential for fostering adoption and scalability.

A call for multi-disciplinary collaboration is crucial for advancing WET deployment. Combining expertise from fields
such as engineering, psychology, economics, and urban planning will facilitate the development of comprehensive
strategies that address both technological and socio-economic aspects. Collaborative efforts can drive innovation,
streamline regulatory processes, and ensure that WET systems are seamlessly integrated into the infrastructure of
future smart cities.
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In summary, advancing WET technology and its adoption requires a concerted effort across various domains. By
addressing both behavioural and economic challenges and encouraging collaborative research, we can unlock the full
potential of WET in creating more efficient, sustainable, and connected urban environments.
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