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Abstract.Exploring the intersection of geothermal energy and smart city 

development, this review underscores the pivotal role of Earth's intrinsic 

heat in fostering sustainable urban environments, particularly in building 

climate control. Geothermal energy systems, including Ground Source 

Heat Pumps and Geothermal Power Plants, emerge as viable solutions for 

consistent and sustainable heating, cooling, and electricity generation in 

urban contexts. This article navigates through the multifaceted applications 

and challenges of integrating geothermal energy into smart cities, 

highlighting its potential to enhance urban services, optimize energy use, 

and significantly reduce carbon emissions. Despite the technical, financial, 

and regulatory hurdles, strategic solutions, policies, and technological 

advancements pave the way for a future where geothermal energy 

substantively contributes to the realization of energy-efficient and smart 

urban ecosystems. The exploration is substantiated by various case studies 

and data, providing a comprehensive overview of the current state and 

future prospects of geothermal energy in smart city development.  
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1 Introduction 

Geothermal energy, derived from the Earth's internal heat, has been recognized as a 

substantial and sustainable energy source. It has the potential to play a pivotal role in 

developing smart cities, particularly in the realm of building climate control. This review 

article explores the potential and challenges of integrating geothermal energy into smart 

city designs for efficient climate control. 

 

Geothermal Energy Systems and Smart Cities 

Smart cities, characterized by their use of technology and data to enhance urban services 

and reduce costs, find a reliable ally in geothermal energy for optimizing energy use. 

Various geothermal energy systems, such as Ground Source Heat Pumps (GSHPs), Direct 

Use Applications, and Geothermal Power Plants, offer diverse applications in heating, 

cooling, and electricity generation. The integration of these systems into smart cities not 

only aligns with global sustainability goals but also paves the way for a future where cities 

are more energy-efficient and sustainable. Notable examples include Reykjavik, Iceland, 

and Basel, Switzerland, where geothermal energy is utilized for heating and sustainable 

energy models. 

 

Challenges and Solutions in Integration 

While the prospects are promising, the integration of geothermal energy into smart cities is 

not without challenges. High initial costs, the need for technical expertise, environmental 

impacts, and the necessity for robust regulatory frameworks are some of the hurdles faced 

in this integration. Solutions such as financial incentives, training programs, and the 

establishment of policies that encourage sustainable practices and ensure minimal 

environmental impact are pivotal. These strategies aim to offset initial costs, develop 

skilled professionals in the field of geothermal technology, and establish guidelines that 

safeguard environmental and societal interests. 

 

Future Prospects and Sustainability 

Looking forward, the future of geothermal energy in smart cities is illuminated by 

continuous technological advancements and an increasing emphasis on sustainable 

development. Innovations like Enhanced Geothermal Systems (EGS) and the integration of 

Internet of Things (IoT) for efficient energy management and distribution are noteworthy. 

The strategic implementation of geothermal energy systems in urban planning and 

development not only contributes to reducing carbon emissions but also supports the 

evolution of smart cities towards more sustainable, efficient, and intelligent urban 

environments, thereby contributing significantly to global sustainability efforts. 

 

2 The Essence of Geothermal Energy 

Geothermal energy, emanating from the Earth's interior, stands out as a pivotal and 

sustainable energy source, offering a myriad of applications in various domains, 

particularly in heating and cooling. This form of energy, which is both renewable and 

consistent, harnesses the Earth's intrinsic thermal properties to provide a stable power 

source, contrasting sharply with the intermittency often associated with other renewable 

sources like wind and solar. The utilization of geothermal energy not only aligns with 
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sustainability goals but also provides a pathway towards reducing dependency on fossil 

fuels, thereby mitigating the impacts of energy production on climate change. 

 

Moreover, geothermal energy, with its minimal reliance on external weather conditions, 

presents a unique advantage in ensuring a steady and reliable energy supply. This is 

particularly crucial in maintaining energy security and stability in smart cities, where 

consistent energy supply is paramount in managing and optimizing various urban services 

and infrastructures. The integration of geothermal energy into urban energy systems can 

significantly enhance the resilience and sustainability of cities, contributing to the 

realization of energy-efficient and environmentally friendly urban environments. 

2.1 Types of Geothermal Energy Systems 

Ground Source Heat Pumps (GSHPs) 

Ground Source Heat Pumps (GSHPs) leverage the relatively stable temperature of the 

ground to provide heating and cooling solutions for buildings. These systems typically 

involve a network of pipes buried underground, through which a heat transfer fluid 

circulates, absorbing heat from the ground during winter for heating and dissipating heat 

back into the ground during summer for cooling. GSHPs stand out for their efficiency and 

effectiveness in providing climate control solutions, as they can deliver up to three times 

the electrical energy consumed in heating, thereby reducing energy consumption and 

associated costs. 

 

Furthermore, GSHPs offer a scalable and adaptable solution for various building types and 

sizes, making them a versatile option for smart cities aiming to implement sustainable 

climate control solutions across diverse urban infrastructures. The application of GSHPs in 

urban settings not only contributes to reduced energy consumption but also mitigates the 

urban heat island effect, thereby enhancing the liveability and environmental quality of 

cities. 

Direct Use Applications 

Direct Use Applications of geothermal energy involve utilizing hot water from springs or 

reservoirs near the Earth's surface for heating purposes without a heat pump or power plant. 

This can include applications like district heating systems, spas, greenhouse heating, and 

industrial processes. Direct use systems, by tapping into naturally occurring geothermal 

resources, provide an energy-efficient and environmentally sustainable solution for heating, 

thereby reducing dependency on conventional heating systems and contributing to reduced 

carbon emissions. 

 

Moreover, the implementation of direct use geothermal systems in smart cities can 

significantly enhance the sustainability and efficiency of urban heating solutions. By 

providing a stable and reliable heat source, direct use geothermal systems can contribute to 

the development of sustainable urban infrastructures, enhancing the resilience and energy 

security of smart cities, and supporting the transition towards low-carbon urban 

development. 

 

Geothermal Power Plants 

Geothermal Power Plants utilize the heat from within the Earth to generate electricity, 

typically by extracting hot water or steam from geothermal reservoirs to drive a turbine 

connected to a generator. These power plants offer a reliable and consistent power 

generation solution, as they are not subject to the variabilities associated with other 

renewable energy sources like wind and solar. Geothermal power plants, therefore, provide 
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a stable and sustainable electricity supply, contributing to the energy security and 

sustainability of regions. 

 

In the context of smart cities, geothermal power plants can play a crucial role in providing a 

stable and sustainable electricity supply, supporting various urban services and 

infrastructures. The integration of geothermal power generation into the energy systems of 

smart cities can significantly enhance the reliability and sustainability of the urban 

electricity supply, supporting the operation of various smart technologies and systems, and 

contributing to the realization of energy-efficient and low-carbon urban environments. 

 

3 Geothermal Energy in Smart Cities 

Smart cities, with their intrinsic reliance on technology and data, aim to enhance the quality 

and performance of urban services, reduce costs, and optimize energy use, all while 

ensuring sustainability and reducing environmental impact. Geothermal energy, with its 

consistent and sustainable characteristics, emerges as a pivotal player in this context, 

particularly in the realm of building climate control. The integration of geothermal energy 

into the energy systems of smart cities not only aligns with the objectives of energy 

efficiency and sustainability but also provides a stable and reliable energy source that can 

support various urban services and infrastructures. 

Moreover, the application of geothermal energy in smart cities extends beyond mere energy 

provision. It encompasses the enhancement of urban resilience and sustainability, 

contributing to the reduction of carbon emissions and the mitigation of the urban heat island 

effect. By providing a stable and sustainable energy source, geothermal energy supports the 

operation of various smart technologies and systems within cities, thereby contributing to 

the realization of smart, sustainable, and resilient urban environments. 

3.1 Applications in Building Climate Control 

Heating and Cooling 

Ground Source Heat Pumps (GSHPs) stand out as a viable solution for directly controlling 

the climate within buildings, leveraging the stable temperature of the ground to provide 

heating and cooling solutions. GSHPs involve a network of pipes buried underground, 

through which a heat transfer fluid circulates, absorbing heat from the ground during winter 

for heating and dissipating heat back into the ground during summer for cooling. This 

system not only reduces energy consumption and associated costs but also enhances the 

energy efficiency and environmental sustainability of buildings. 

 

Furthermore, GSHPs offer a scalable and adaptable solution for various building types and 

sizes, making them a versatile option for smart cities aiming to implement sustainable 

climate control solutions across diverse urban infrastructures. The application of GSHPs in 

urban settings not only contributes to reduced energy consumption but also mitigates the 

urban heat island effect, thereby enhancing the liveability and environmental quality of 

cities. 

 

District Heating Systems 

Geothermal energy can be utilized to heat multiple buildings from a single source through 

district heating systems, providing an energy-efficient and environmentally sustainable 

solution for urban heating. By tapping into naturally occurring geothermal resources, 

district heating systems provide a stable and reliable heat source, reducing dependency on 
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conventional heating systems and contributing to reduced carbon emissions. This 

application is particularly relevant in regions with accessible geothermal resources, 

providing a localized and sustainable heating solution. 

 

Moreover, the implementation of geothermal district heating systems in smart cities can 

significantly enhance the sustainability and efficiency of urban heating solutions. By 

providing a stable and reliable heat source, geothermal district heating systems can 

contribute to the development of sustainable urban infrastructures, enhancing the resilience 

and energy security of smart cities, and supporting the transition towards low-carbon urban 

development. 

 

Hybrid Systems 

Hybrid systems that combine geothermal energy with other renewables offer optimized 

energy use by leveraging the strengths of various energy sources. For instance, integrating 

geothermal energy with solar or wind energy can provide a more stable and consistent 

energy supply, ensuring that the energy demands of smart cities are met even during 

periods of low sunlight or wind. Hybrid systems, therefore, provide a balanced and reliable 

energy solution, ensuring the stability of the energy supply while also maximizing the 

utilization of available renewable energy resources. 

 

In the context of smart cities, hybrid systems that integrate geothermal energy with other 

renewables can significantly enhance the reliability and sustainability of the urban energy 

supply. By ensuring a consistent and stable energy supply, hybrid systems support the 

operation of various smart technologies and systems within cities, contributing to the 

realization of smart, sustainable, and resilient urban environments. Furthermore, the 

strategic implementation of hybrid systems can enhance the adaptability and flexibility of 

urban energy systems, enabling them to respond effectively to varying energy demands and 

conditions. 

 

 

4 Case Studies 

4.1 Geothermal Integration in Smart Cities’ Infrastructure 

Source:Smart City Press 

 Key Points: 

 The adoption of geothermal systems in smart cities can challenge 

traditional HVAC emissions, reducing HVAC air pollution by 75% 

annually. 

 Geothermal systems have been installed in individual buildings, such as 

the Joyce Center for Partnership and Innovation in Canada, which utilizes 

the system for heating, cooling, and energy production. 

 Smart thermostats can maximize a geothermal system’s temperature 

control abilities by reading local weather predictions and altering a 

system’s performance. 

 The high cost of geothermal systems (installation fees between $20,000 

and $25,000, excluding system prices) and the need for a plot of land 

twice the size of the building are current barriers to widespread adoption. 
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 Technological advancements are underway to improve geothermal land-

use efficiency and decrease installation costs. 

4.2 Geothermal Energy’s Role in Addressing the Climate Crisis 

Source:U.S. Department of Energy 

 Key Points: 

 Geothermal energy has the potential to counterbalance over 500 million 

metric tons (MMT) of greenhouse gases in the electricity sector and 

surpass 1,250 MMT in the heating and cooling domain by the year 2050. 

 By 2050, the deployment of geothermal resources can deliver more than 

60 gigawatts-electric (GWe) of stable, adaptable clean energy. 

 Geothermal heat pumps (GHPs) have the potential to be implemented in 

28 million American homes by 2050, catering to nearly a quarter of the 

total U.S. market for heating and cooling. 

 As many as 17,500 Geothermal District Heating (GDH) systems could be 

implemented by 2050, accommodating 45 million residences. 

 Noteworthy deployment opportunities necessitate intervention since 

maintaining the status quo in business practices will only achieve 

marginal growth and market share by 2050. 

 For geothermal energy to realize its potential, it is imperative to 

streamline regulations, policies, and technological advancements 

throughout its lifecycle. 

4.3 Geothermal Heating and Cooling Networks for Green and Livable Urban 
Transformations 

Source:Europe Now Journal 

 Key Points: 

 Geothermal solutions offer a viable option for district temperature 

regulation systems, positioning it as a pivotal tool for the essential 

thermal energy shift. 

 When juxtaposed with natural gas, geothermal solutions can lead to a 

CO2-emission decline of as much as 88%. 

 In the Netherlands, forecasts suggest that by 2030, geothermal solutions 

will account for 15% of the required CO2-emission cuts in the thermal 

sector, and this could rise to 25% by 2050. 

 Munich stands out for its commitment to geothermal solutions in its 

district temperature control systems, aiming to meet the city's primary 

heating needs and over half of the yearly heating requirement in an eco-

friendly manner by 2040. 

4.4 How Smart Cities Can Use Renewable Energy Sources 

Source:Bee Smart City 

 Key Points: 

 Urban areas account for between 67%-76% of global energy use and are 

responsible for 71%-76% of energy-linked CO2 releases. 
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 Renewable energy forms, with geothermal energy at the forefront, are 

instrumental in fulfilling the Paris Climate Agreement's ambition of 

achieving carbon neutrality by 2050. 

 Geothermal solutions offer a trifecta of benefits: cooling, heating, and 

power generation, marking its significance in the power and thermal 

systems of smart cities. 

4.5 Integrating Renewable Sources into Energy System for Smart City 

Source:Science Direct 

 Key Points: 

 The 'smart city' paradigm is frequently linked with the infusion of 

Information and Communications Technologies and the evolution of 

contemporary facilities. 

 Embedding renewable energy forms, geothermal energy included, into 

the power blueprints of intelligent urban areas is essential for 

transitioning to a carbon-conscious economy and curtailing CO2 

emissions. 

 

4.6 Geothermal Energy-Based Hydrogen Production 

Source:ScienceDirect 

 Key Points: 

 Geothermal energy is recognized as a heat source within the Earth's 

subsurface and can be utilized for various applications, including cooling, 

heating, power generation, and producing clean, sustainable hydrogen. 

 The application of geothermal energy is not only limited to direct heating 

and power generation but also extends to innovative applications like 

hydrogen production, which can be pivotal in creating a sustainable 

energy future. 

4.7 How Geothermal Energy Makes All Cities More Efficient 

Source:The Urbanist 

 Key Points: 

 Geothermal energy, fundamentally, is the heat energy stored and 

absorbed by the Earth. Areas of high favourability are predicted to have 

accessible temperatures that are high enough for efficient energy 

production. 

 The heat island effect, a result of concentrated human activities, boosts 

the natural ambient temperature of population centres, which can be 

utilized to enhance the efficiency of geothermal heat pumps in urban 

areas. 

 Geothermal heat pumps, which can be applied in various forms like 

horizontal, vertical, and pond/lake systems, are used to access the steady 

temperatures of the subsurface, providing a viable solution for heating 

and cooling in urban settings. 
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 While the installation of a geothermal heat pump can be expensive, it 

offers a sustainable solution for heating and cooling, especially in urban 

areas where the heat island effect is prominent. 

 

5 Literature Review 

 

Integrating renewable sources into energy system for smart city [1] 

This article discusses the key elements in smart cities such as energy supply, networks, 

demand, and storage, and how energy in smart cities can be produced from either 

distributed micro-generation sites or prevailing Renewable Energy (RE) sites. 

 

The geothermal potential of cities [2] 

The study focuses on low-temperature geothermal energy, providing a robust, 

decentralized, and renewable energy source for cities. It discusses the direct use of 

endogenic geothermal resources accessible at shallow depths beneath cities, which offers a 

great potential for decarbonization of the heating sector. 

 

Hybrid smart grid with sustainable energy efficient resources for smart cities [3] 

This article presents solutions for energy optimization in smart cities, highlighting 

geothermal energy as a promising form of clean green technology that exists naturally. It 

discusses how utilizing these environmental resources is easy and brings no detriment to the 

community. 

 

Development of smart energy systems for communities: technologies and challenges 

[4] 

The article explores issues such as concepts and implementation cases for smart cities, 

multi-vector energy systems modelling, and challenges and shortcomings of future research 

systems. It also touches upon new technologies for geothermal energy, such as 

Thermoelectric generators (TEGs) and Water-to-water geothermal heat pumps. 

 

Technological advancements toward smart energy management in smart cities [5] 

This article discusses the term “smart city” and how it aims to solve or alleviate challenges 

caused by fast-growing urbanization and population growth, such as waste management, 

mobility, and energy supply, by maximizing productivity and optimizing resources. 

 

Smart Energy for Smart Cities [6] 

This article introduces a Blockchain-based peer-to-peer energy transaction framework for 

trading decentralized clean energy within a connected society. It discusses the Smart 

Energy-Trading model designed to initiate transactions autonomously while interacting 

with home automation units, managing the generation, consumption, and distribution of 

clean energy using distributed renewable energy sources. 

 

Toward a Secure and Resilient All-Renewable Energy Grid for Smart Cities [7] 

This article discusses the concept of smart cities driven by the need to enhance citizens’ 

quality of life, with a focus on the electric grid as the energy backbone of smart city 

deployments. It explores an electric energy system that is immune to adverse events, both 

cyber and physical risks, and supports the integration of renewable sources. 

 

Smart Grid: A Step Toward Smart City [8] 
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The article discusses the improvement in the quality of life and rapid growth across urban 

regions, focusing on shaping smart cities. It talks about facilitating the monitoring and 

optimization of natural resources, including water and renewable energy, as well as man-

made resources like power, infrastructure, and smart buildings, without harming the 

environment. It also discusses how Smart Grid (SG) uses Information and Communication 

Technology (ICT) solutions to optimize electrical energy and reduce losses. 

 

Intelligent energy grids for smart cities [9] 

This article discusses the surge in rooftop solar and local battery storage adoption in various 

countries due to more affordable technology and the skyrocketing cost of power from fossil 

fuels. It emphasizes the need for a rethink of local and national energy grids, especially in 

Japan, where the installed capacity of rooftop solar has jumped from fewer than 5 gigawatts 

to more than 20 gigawatts over the past decade. 

 

Development of smart energy systems for communities: technologies and challenges 

[10] 

This article explores the development of smart energy systems for communities, focusing 

on technologies and challenges in the field. It discusses concepts and implementation cases 

for smart cities, multi-vector energy systems modelling, and challenges and shortcomings 

of future research systems. It also touches upon new technologies for geothermal energy, 

such as Thermoelectric generators (TEGs) and Water-to-water geothermal heat pumps. 

 

Smart Cities and Positive Energy Districts: Urban Perspectives in 2020 [11] 

This article introduces contemporary research on Smart Cities and Positive Energy 

Districts, discussing methodologies for quantifying energy-saving potentials by combining 

building retrofitting, solar thermal energy, and geothermal resources. 

 

Energy and Sustainable Development in Smart Cities: An Overview [12] 

The article discusses the Smart Cities Energy Prediction Task Force, which uses various 

methods to predict electrical consumption. It explores long-term and medium-term load 

forecasting as the basis for smart cities’ energy forecasting methods, ensuring reliable 

electricity supply by combining grid’s resources. 

 

Development and Future Scope of Renewable Energy Resources for Smart Electrical 

Power Systems [13] 

This article discusses various renewable energy resources, including geothermal energy, for 

smart electrical power systems. It explores the modelling of these resources and their 

application in smart cities. 

 

Large-Scale Geothermal Collector Systems [14] 

This article discusses low-temperature district heating and cooling networks (5GDHC) in 

combination with very shallow geothermal energy potentials, enabling the complete 

renewable heating and cooling supply of settlements up to entire city districts. It explores 

how 5GDHC can distribute heating and cooling at a low temperature level with almost no 

distribution losses. 

 

The gathered studies offer a rich tapestry of insights into the integration and optimization of 

geothermal energy within smart cities, especially in the context of building climate control. 

One study provides a methodological framework to quantify energy-saving potentials 

through various energy resources, which is pivotal for evaluating the efficiency of 

geothermal energy in urban settings. Another set of articles provides a broad overview of 
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the technological advancements and current practices in the geothermal energy domain, 

ensuring our review is anchored in the most recent developments in the field. Insights into 

energy prediction and management from another study can guide the exploration of 

efficient management and utilization of geothermal energy in smart cities. Furthermore, 

research discussing the modelling of renewable energy resources, including geothermal, for 

smart electrical power systems, offers a perspective on how geothermal energy can be 

integrated and modelled within smart city energy systems. Lastly, a study discussing the 

application of geothermal collector systems in district heating and cooling is directly 

relevant to exploring the practical applications and challenges of implementing geothermal 

energy systems in urban building climate control. Each study, with its unique focus and 

findings, contributes distinct perspectives and data, enriching our review article and 

providing a comprehensive exploration of geothermal energy’s potential in smart cities 

building climate control. 

6 Challenges and Solutions 

Geothermal energy, while heralded for its sustainability and consistency, is not without its 

hurdles, especially when it comes to its integration into the intricate web of smart cities. 

The myriad opportunities it presents, from reducing carbon footprints to providing a stable 

energy source, are juxtaposed with challenges that span technical, financial, environmental, 

and regulatory spectrums. Navigating through these challenges necessitates a thorough 

understanding and strategic approach to harness the full potential of geothermal energy in 

smart cities. 

6.1 Technical and Financial Challenges 

High Initial Costs 

The substantial upfront investment required to establish geothermal systems is often a 

significant barrier to its adoption. This includes the costs associated with drilling, installing 

heat pump systems, and establishing a network of pipes, which can be particularly high in 

urban environments where the complexity and scale of projects are often magnified. 

Moreover, the financial burden is further compounded when considering the retrofitting of 

existing buildings and infrastructures to accommodate geothermal systems. 

Technical Expertise 

The implementation and maintenance of geothermal systems necessitate a cadre of skilled 

professionals, which is often scarce. From the initial stages of site assessment and system 

design to the installation and ongoing maintenance of geothermal systems, a depth of 

technical expertise is crucial. This expertise is not only pivotal in ensuring the optimal 

performance and longevity of the systems but also in navigating through the various 

challenges and complexities that arise during implementation. 

6.2 Environmental and Regulatory Challenges 

Environmental Impact 

Geothermal systems, while being a source of clean energy, do pose environmental 

concerns, particularly related to land use and potential seismic activity. The drilling 

processes, especially in the case of Enhanced Geothermal Systems (EGS), can induce 

seismicity, while the extensive land use for geothermal plants and systems can impact local 

ecosystems. These environmental impacts necessitate careful consideration and 

management to ensure the sustainability of geothermal energy projects. 
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Regulatory Frameworks 

The development and implementation of geothermal projects are often entwined with 

regulatory frameworks that can either facilitate or hinder progress. The need for policies 

that not only support but also regulate geothermal development is paramount. This includes 

policies that guide the sustainable development of projects, ensure adherence to 

environmental standards, and facilitate the integration of geothermal systems into existing 

urban infrastructures. 

6.3 Solutions and Strategies 

Financial Incentives 

To offset the high initial costs, financial incentives such as subsidies, tax incentives, and 

grants can be pivotal. These incentives can reduce the financial burden on developers and 

encourage the adoption of geothermal systems in smart cities. Moreover, innovative 

financing models, such as public-private partnerships and community financing, can also be 

explored to facilitate the financial feasibility of projects. 

Training Programs 

Addressing the gap in technical expertise requires the development and implementation of 

training programs that cultivate skilled professionals in the field of geothermal technology. 

These programs, spanning various levels from technical training to advanced research, can 

ensure a steady pipeline of professionals capable of driving the development, 

implementation, and maintenance of geothermal systems in smart cities. 

Robust Policies 

Establishing robust policies that encourage sustainable practices, ensure minimal 

environmental impact, and facilitate the integration of geothermal systems into smart cities 

is crucial. This includes policies that guide the sustainable development of projects, ensure 

adherence to environmental and safety standards, and facilitate coordination among various 

stakeholders, ensuring that geothermal energy projects are developed and implemented in a 

manner that is sustainable, safe, and aligned with the broader objectives of smart cities. 

7 Future Prospects 

The horizon of geothermal energy in the context of smart cities gleams with promise, 

intertwining continuous technological advancements and a burgeoning emphasis on 

sustainable development. The symbiosis between geothermal energy and smart cities paves 

the way towards not only enhancing the efficiency and sustainability of urban environments 

but also towards crafting cities that are more resilient, adaptable, and in harmony with the 

natural environment. 

7.1 Technological Advancements 

Enhanced Geothermal Systems (EGS) 

Innovations in Enhanced Geothermal Systems (EGS) are broadening the applicability of 

geothermal energy, enabling its use in areas devoid of conventional geothermal resources. 

EGS involves the artificial creation of reservoirs in hot dry rock formations, allowing for 

the extraction of geothermal heat in regions where it was previously unattainable. This 

innovation not only expands the geographical applicability of geothermal energy but also 

opens new avenues for its integration into various urban and industrial applications, thereby 

amplifying its impact on smart city development. 

IoT Integration 

  
 
          

, (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202454013007540
ICPES 2023

13007 

11



 

 

The integration of the Internet of Things (IoT) in managing and distributing geothermal 

energy heralds a future where energy systems are not only smart but also highly efficient 

and adaptable. IoT enables the real-time monitoring and management of geothermal 

systems, ensuring optimal performance and efficient energy distribution. By leveraging 

data and smart technologies, IoT integration facilitates the creation of intelligent 

geothermal energy systems that can adapt to varying demands and conditions, ensuring 

stable energy supply and enhanced energy security in smart cities. 

7.2 Sustainability and Urban Development 

Carbon Neutrality 

Geothermal energy stands out as a substantial contributor to the pursuit of carbon neutrality 

in urban environments. By providing a clean and sustainable energy source for heating and 

cooling applications, geothermal energy significantly reduces the dependency on fossil 

fuels, thereby mitigating carbon emissions. The role of geothermal energy in achieving 

carbon neutrality extends beyond mere energy provision, contributing to the creation of 

urban environments that are not only sustainable but also conducive to the well-being of its 

inhabitants and the surrounding environment. 

Urban Planning 

The integration of geothermal systems into urban planning is pivotal for sustainable 

development, ensuring that the growth and evolution of cities are in harmony with the 

natural environment. This involves the strategic incorporation of geothermal energy 

systems into various aspects of urban development, from building design and construction 

to energy infrastructure development. Integrating geothermal systems into urban planning 

not only enhances the sustainability and energy efficiency of cities but also ensures that the 

development of urban environments is aligned with broader sustainability objectives, 

thereby crafting cities that are resilient, sustainable, and harmonious with the natural 

environment. 

 

8 Conclusion 

Geothermal energy stands out as a viable solution for building climate control within the 

framework of smart cities. While challenges exist, the strategic implementation and 

continuous technological advancements present a pathway towards sustainable urban 

development. The integration of geothermal energy systems in smart cities not only aligns 

with global sustainability goals but also paves the way for a future where cities are more 

energy-efficient, sustainable, and smarter. 

 

Embarking on a journey through the multifaceted domain of geothermal energy and its 

potential in shaping the climate control of smart city buildings, this review has unfolded 

various layers, intricacies, and prospects embedded within this sustainable energy source. 

The exploration, deeply rooted in various studies and articles, has not only illuminated the 

current landscape but also hinted at the boundless possibilities that lie ahead in the 

integration of geothermal energy within the urban tapestry of smart cities. 

Key Findings: 

 Sustainable and Consistent Energy Source: Geothermal energy emerges as a 

sustainable and consistent energy source, providing a stable and reliable energy 

supply that can support various urban services and infrastructures in smart cities, 

thereby enhancing urban resilience and sustainability. 
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 Versatile Applications: The versatile applications of geothermal energy, 

particularly through Ground Source Heat Pumps (GSHPs), district heating 

systems, and hybrid systems, offer diverse and adaptable solutions for building 

climate control in various urban contexts and conditions. 

 Economic and Environmental Benefits: The integration of geothermal energy 

presents notable economic and environmental benefits, including reduced energy 

consumption and costs, mitigated urban heat island effects, and enhanced 

environmental quality in cities. 

 Challenges and Solutions: While the prospects are promising, challenges such as 

high initial costs, technical expertise requirements, and environmental impacts 

exist, with solutions such as financial incentives, training programs, and robust 

regulatory frameworks being pivotal. 

 Technological Advancements: Continuous technological advancements, such as 

Enhanced Geothermal Systems (EGS) and the integration of Internet of Things 

(IoT) for efficient energy management, illuminate the future of geothermal energy 

in smart cities, offering innovative solutions and applications. 

 Strategic Implementation: The strategic implementation of geothermal energy 

systems in urban planning and development contributes significantly to global 

sustainability efforts, supporting the evolution of smart cities towards more 

sustainable, efficient, and intelligent urban environments. 

These findings weave a narrative that not only underscores the pivotal role of geothermal 

energy in enhancing the sustainability and efficiency of smart cities but also highlights the 

myriad of possibilities, challenges, and future directions embedded within this domain. The 

exploration, deeply intertwined with various studies and articles, provides a foundation 

upon which future research can build, exploring uncharted territories and further enriching 

our understanding of geothermal energy in smart cities. This review, therefore, not only 

provides a snapshot of the current landscape but also serves as a beacon, guiding future 

explorations and developments in the realm of geothermal energy and smart cities. 

References 

1. Hoang, A. T., & Nguyen, X. P. (2021). Integrating renewable sources into energy 

system for smart city as a sagacious strategy towards clean and sustainable process. 

Journal of Cleaner Production, 305, 127161. 

2. Bayer, P., Attard, G., Blum, P., &Menberg, K. (2019). The geothermal potential of 

cities. Renewable and Sustainable Energy Reviews, 106, 17-30. 

3. Khalil, M. I., Jhanjhi, N. Z., Humayun, M., Sivanesan, S., Masud, M., & Hossain, M. 

S. (2021). Hybrid smart grid with sustainable energy efficient resources for smart 

cities. sustainable energy technologies and assessments, 46, 101211. 

4. Razmjoo, A., Mirjalili, S., Aliehyaei, M., Østergaard, P. A., Ahmadi, A., & Nezhad, 

M. M. (2022). Development of smart energy systems for communities: Technologies, 

policies and applications. Energy, 248, 123540. 

5. Pandiyan, P., Saravanan, S., Usha, K., Kannadasan, R., Alsharif, M. H., & Kim, M. K. 

(2023). Technological advancements toward smart energy management in smart cities. 

Energy Reports, 10, 648-677. 

6. Pangracious, V. (2022, February). Smart Energy for Smart Cities. IEEE Smart 

Cities.https://smartcities.ieee.org/newsletter/february-2022/smart-energy-for-smart-

cities 

  
 
          

, (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202454013007540
ICPES 2023

13007 

13

https://smartcities.ieee.org/newsletter/february-2022/smart-energy-for-smart-cities
https://smartcities.ieee.org/newsletter/february-2022/smart-energy-for-smart-cities


 

 

7. Konstantinou, C. (2021). Toward a secure and resilient all-renewable energy grid for 

smart cities. IEEE Consumer Electronics Magazine, 11(1), 33-41. 

8. Kumar, A., & Srivastava, I. (2023, March). Smart Grid: A Step Toward Smart City. 

Title of Periodical.https://smartcities.ieee.org/newsletter/march-2023/smart-grid-a-

step-toward-smart-city 

9. Tokohu University. (2022). Intelligent energy grids for smart cities: A clever initiative 

in Japan is reforming the way power is distributed amid rapid growth in decentralized 

renewable energy and storage. Nature. https://www.nature.com/articles/d42473-022-

00500-8 

10. Razmjoo, A., Mirjalili, S., Aliehyaei, M., Østergaard, P. A., Ahmadi, A., & Nezhad, 

M. M. (2022). Development of smart energy systems for communities: Technologies, 

policies and applications. Energy, 248, 123540. 

11. Clerici Maestosi, P. (2021). Smart Cities and Positive Energy Districts: Urban 

Perspectives in 2020. Energies, 14(9), 2351. 

12. Almihat, M. G. M., Kahn, M. T. E., Aboalez, K., &Almaktoof, A. M. (2022). Energy 

and Sustainable Development in Smart Cities: An Overview. Smart Cities, 5(4), 1389-

1408. 

13. Sridhar, S., &Salkuti, S. R. (2022). Development and future scope of renewable energy 

and energy storage systems. Smart Cities, 5(2), 668-699. 

14. Zeh, R., Ohlsen, B., Philipp, D., Bertermann, D., Kotz, T., Jocić, N., & Stockinger, V. 

(2021). Large-scale geothermal collector systems for 5th generation district heating 

and cooling networks. Sustainability, 13(11), 6035. 

 

 

  
 
          

, (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202454013007540
ICPES 2023

13007 

14

https://smartcities.ieee.org/newsletter/march-2023/smart-grid-a-step-toward-smart-city
https://smartcities.ieee.org/newsletter/march-2023/smart-grid-a-step-toward-smart-city
https://www.nature.com/articles/d42473-022-00500-8
https://www.nature.com/articles/d42473-022-00500-8

