
Dirik M, Journal of Soft Computing and Artificial Intelligence 04 (02): 72-79, 2023 

 

Journal of Soft Computing 

and 

Artificial Intelligence 
Journal homepage: https://dergipark.org.tr/en/pub/jscai 

 

 

International 

Open Access 
 

 

 

 

Volume 04 

Issue 02 
 

 

December, 2023 

 

72 
 

Research Article 

The Importance of Clean Energy and Technology in the Development of Smart 

Cities 

Mahmut Dirik1  

1Sirnak University, Department of Computer Engineering, Şırnak, 73000, Türkiye 

  ARTICLE INFO  ABSTRACT 

Article history: 

Received December 13, 2023 

Revised   December 27, 2023 

Accepted December 30, 2023 

 In today's global context, reducing CO2 emissions and mitigating environmental impacts 

has become an important issue, leading to the inclusion of smart cities among the top 

priorities of every country. This article aims to provide solutions for creating appropriate 

policies and overcoming obstacles in this field, with a focus on the importance of clean 

energy in the development of smart cities. Specifically, by focusing on three important 

sectors, namely Energy, Transportation, and Buildings, the aim is to help create efficient 

roadmaps for developing smart cities. To achieve this goal, successful policies and 

strategies implemented in successful cities will be examined to overcome the barriers in 

these sectors and achieve smart city status. The article emphasizes the importance of 

local government and stakeholder collaboration. This collaboration plays a critical role 

in creating appropriate policies for increasing the use of clean energy in different sectors, 

as the ideas of politicians and energy experts cannot be implemented without the support 

and participation of local governments. Therefore, the cooperation and support of local 

governments and stakeholders are of great importance for the development of smart 

cities. In short, the article emphasizes the importance of clean energy in the development 

of smart cities, provides recommendations for identifying appropriate policies and 

overcoming barriers, and highlights the critical role of local government and stakeholder 

collaboration. Therefore, this collaboration can be considered as a successful step 

towards the development of smart cities. 
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1. Introduction 

Humanity, facing critical challenges such as global 

warming and population growth, considers the 

transition to smart cities as a necessity [1], [2]. 

Despite the numerous benefits of smart cities, there 

are many factors hindering their development and, 

therefore, appropriate policies and planning must be 

implemented to successfully apply them [3], [4]. 

Additionally, appropriate management of 

infrastructure in the energy, transportation, and 

building sectors is a fundamental aspect of smart 

cities [5], [6]. The use of clean energy plays an 

important role in reducing CO2 emissions and is 
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necessary for the comfort and welfare of citizens [7]. 

The provision of high-quality and safe city services 

is also an important factor [8]. 

This study aims to examine the development of 

smart cities [8], [9] and appropriate policies in the 

energy, transportation [10], [11], and building sectors 

[12]. Previous studies [6], [8], [9], [13], [14] have 

attempted to provide suitable policies for the 

development of smart cities in successful projects. In 

these studies, four important topics were examined: 

provider, consumer, regulator, and enabler, the 

importance of technologies for smart cities was 

investigated, a study was conducted that emphasized 

the relationship between city-energy-sustainability 
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based on smart energy cities, and the main 

components, design tools, efficiency, and integration 

possibilities of renewable energy sources in smart 

cities were analyzed. In addition, the performance of 

a smart approach based on the integration of various 

technologies was also examined. 

This study focuses on the development of smart 

cities and draws attention to the importance of 

appropriate policies in the energy, transportation, and 

building sectors. Appropriate policies must be 

implemented for the successful application of smart 

cities. These policies can promote the development 

of smart cities, reduce environmental impacts, and 

increase the comfort and welfare of citizens. 

This article highlights several important aspects of 

the development of smart cities. It focuses on the role 

of suppliers, consumers, regulators and project 

promoters, as well as the importance of technology in 

smart cities. It examines the relationship between 

cities, energy and sustainability, particularly in the 

context of smart energy cities. The article also looks 

at the integration of renewable energy sources in 

smart cities, addressing components, design tools, 

efficiency and integration opportunities. It also 

evaluates the performance of smart approaches that 

integrate different technologies. 

 

The study emphasizes the importance of 

appropriate policy measures in the areas of energy, 

transport and buildings for the successful 

development of smart cities. These measures are 

crucial for promoting the development of smart 

cities, reducing environmental impacts and 

improving the comfort and well-being of citizens. 

Key points of the article include: 

• The importance of reducing CO2 emissions and 

mitigating environmental impacts in a global 

context, with smart cities being a top priority. 

• A focus on the energy, transport and building 

sectors to find solutions for creating efficient 

roadmaps for smart city development. 

• An examination of successful policies and 

strategies in different cities to address the 

challenges in these sectors and achieve smart city 

status. 

• The crucial role of local authorities and co-

operation with stakeholders in developing 

strategies to increase the use of clean energy. 

• Emphasizing clean energy as an important 

component in the development of smart cities, 

including recommendations for formulating 

strategies and removing barriers.  

 

2. Motivation  

Smart cities offer a significant opportunity to 

improve citizens' quality of life. Therefore, cities 

need to assess the benefits of smart cities in order to 

improve service quality. The progress of efforts to 

effectively deploy smart cities is observed to be 

positive, particularly in areas such as energy 

management, municipal services, public safety, 

traffic management, and building resilience, which 

include the use of Internet of Things (IoT) 

technologies [15]–[18]. The definition of smart cities 

is based on three fundamental elements: IoT, big data 

analytics, and cloud computing. The use of these 

elements helps cities optimize their services and 

improve citizens' quality of life. For example, in the 

field of energy management [19], smart grids can be 

used to manage energy consumption and production, 

reducing energy consumption in cities and enabling a 

transition to sustainable energy sources. Smart 

transportation systems can be used to optimize traffic 

flow and reduce traffic problems in cities [7], [12]. 

Additionally, citizens can access public 

transportation services more easily and effectively. In 

the building sector, smart buildings can be used to 

control energy consumption and improve building 

resilience. Smart buildings can also be effectively 

utilized in areas such as building security, fire 

prevention, and firefighting. In addition to the 

benefits provided by smart cities, the challenges 

encountered in implementing smart cities should also 

be addressed. These challenges include inadequate 

technological infrastructure, investment costs, and 

low technological infrastructure and insufficient 

funding in developing countries. 

 

3.  Methodology  

The main purpose of this article is to emphasize the 

importance of clean energy and present a more 

accurate perspective on smart city development. This 

goal can be achieved by overcoming obstacles in 

various sectors and providing appropriate solutions, 

focusing on the successes of applied policies. Energy, 

transportation, and buildings have a decisive role in 

the successful implementation of smart cities. In this 

context, the development of smart cities is discussed 

in relation to clean energy sources, technologies used 

in smart cities, and the impact of clean energy and 

technology in smart cities. 

The conclusion and discussion sections increase 

our knowledge and understanding of appropriate 

policies and necessary actions for a city's 

transformation into a smart city. In this context, the 

use of clean energy sources and adoption of smart 
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technologies are important factors for the successful 

development of smart cities. 

Overall, this article emphasizes the importance of 

clean energy in smart city development. To this end, 

it aims to increase our knowledge and understanding 

of appropriate policies and actions for transforming a 

city into a smart city by reviewing research on the 

development of smart cities, clean energy sources, 

technologies used in smart cities, and the impact of 

clean energy and technology in smart cities. 

 

3.1. Development of Smart Cities 

Smart cities are a rapidly developing concept in 

urban planning, aiming to use information and 

communication technologies (ICT) to enhance the 

quality of life and sustainability of cities. Developing 

smart cities requires the integration of various 

technological components such as sensors, networks, 

and data analytics with urban systems such as 

transportation, energy, and public services. The goal 

is to create an efficient and livable urban environment 

that responds to the needs of citizens and supports 

economic growth [20], [21]. An example project 

image in this regard is given in Figure 1. 

 

 
 

Figure 1 Relevant components of smart city areas [22]  

 
The concept of smart cities has emerged globally in 

response to increasing urbanization and environmental 

problems faced by cities. The United Nations estimates 

that by 2050, 68% of the world's population will live in 

urban areas, up from 55% in 2018 [23]–[25] .This rapid 

growth puts pressure on urban infrastructure and services, 

leading to density, pollution, and resource depletion. Smart 

cities offer a solution to these problems by optimizing 

urban systems using technology and increasing resource 

efficiency. 

The development of smart cities requires 

collaboration among various stakeholders, such as 

governments, the private sector, and citizens. 

Governments play an important role in facilitating 

the adoption of smart technologies by developing 

policies and regulations and encouraging investment 

in urban infrastructure. The private sector is 

responsible for developing and implementing smart 

technologies such as energy-efficient buildings and 

smart transportation systems. Citizens play an 

important role in providing feedback and 

participation in the development of smart city 

initiatives [20], [26]. Overall, the development of 

smart cities is a complex and dynamic process that 

requires the integration of various technological, 

social, and economic factors. 

 

3.2. Clean Energy Sources 

Clean energy sources are renewable sources that 

have little or no negative impact on the environment 

and can be sustained in a renewable manner [27], [28]. 

These energy sources are commonly referred to as 

renewable energy sources because they do not 

deplete with use and can be replenished. In contrast, 

fossil fuels such as coal and oil are limited resources 

that are rapidly depleting and have significant 

detrimental effects on the environment. There are 

several types of clean energy sources [29]–[35], 

including those shown in Figure 2. 
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Figure 1 Renewable Energy Sources [36]  

 

 
• Solar energy: Energy obtained from sunlight. Solar 

panels are used to capture this energy and convert it into 

usable electricity. Solar energy is abundantly available and 

can be used to power homes, businesses, and even entire 

cities. 

• Wind energy: Energy produced by the wind. Wind 

turbines are used to capture this energy and convert it into 

usable electricity. Wind energy is also abundantly 

available and can be used to power homes, businesses, and 

even entire cities. 

• Hydroelectric energy: Energy obtained from the flow 

of water. Hydroelectric power plants are used to capture 

this energy and convert it into usable electricity. 

Hydroelectric energy is also abundantly available and can 

be used to power homes, businesses, and even entire cities. 

• Geothermal energy: Energy obtained from the heat of 

the Earth. Geothermal power plants are used to capture this 

energy and convert it into usable electricity. Geothermal 

energy is also abundantly available and can be used to 

power homes, businesses, and even entire cities. 

• Biomass energy: Energy obtained from organic 

materials such as wood and crops. Biomass power plants 

are used to capture this energy and convert it into usable 

electricity. Biomass energy is also abundantly available 

and can be used to power homes, businesses, and even 

entire cities. 

 

All of these clean energy sources have various 

advantages over fossil fuels. Firstly, they do not 

produce greenhouse gases that contribute to global 

warming and climate change. Secondly, they are 

renewable and replenishable unlike fossil fuels. 

Thirdly, they do not produce harmful pollutants that 

can be detrimental to human health and the 

environment. Finally, as technology advances and 

demand increases, they are becoming increasingly 

cost-effective. 

 

3.3. Technologies Used in Smart Cities 

Smart cities are an emerging concept that aims to 

optimize urban infrastructure and services using 

technology [37], [38]. Various technologies used in 

smart cities enable efficient resource management, 

reduction in energy consumption, and an overall 

improvement in quality of life. 

One of the fundamental technologies used in smart 

cities is the Internet of Things (IoT), which connects 

devices and sensors embedded in urban 

infrastructure, such as traffic lights, waste 

management systems, and public transportation, to a 

central network [39], [40]. IoT sensors collect and 

transmit data that can be analyzed for optimizing 

resource utilization, reducing energy consumption, 

and increasing service efficiency. Figure 3 illustrates 

the application areas of Cloud-IoT. 

 

 
Figure 3 Cloud-IoT application areas [41] 

 
Artificial Intelligence (AI) is used to analyze the large 

amounts of data generated by IoT sensors in smart cities to 

predict future events, optimize resource usage, and 

improve service efficiency. AI-supported systems can 

detect patterns in data and make real-time decisions, 

enabling proactive problem-solving and improving 

citizens' quality of life. For example, AI-supported traffic 

management systems can optimize traffic flow, reduce 

congestion, and enhance transportation services. 

Smart cities also reduce their dependence on fossil fuels 

and mitigate the effects of climate change by using 

renewable energy sources such as solar, wind, and 

geothermal energy [42]. These technologies enable cities 

to generate their own electricity, reduce carbon emissions, 

and improve air quality. 

Furthermore, smart cities communicate with citizens, 

provide access to city services, and enable citizen 

participation through various digital platforms such as 

mobile applications, social media, and websites. These 

platforms can increase citizen participation, transparency, 
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and accountability, thereby enhancing trust between 

citizens and government. 

 

3.4. The Impact of Clean Energy and Technology on 

Smart Cities 

Smart cities are urban areas that utilize data and 

technology to enhance the quality of life for citizens 

while reducing their environmental impact. The 

concept of smart cities has gained popularity in recent 

years due to the need for more sustainable and 

efficient urban development. One of the most 

important components of smart cities is the use of 

clean energy sources and technology. 

Clean energy sources such as wind, solar, and 

geothermal energy are becoming increasingly 

popular in smart cities due to their environmental 

benefits and potential to lower energy costs [30], [34], 

[42]. These energy sources are also more reliable than 

traditional fossil fuels as they are not subject to price 

fluctuations caused by global political tensions or 

supply-demand imbalances. 

In addition to reducing environmental impact, 

smart cities also utilize various technologies to 

increase energy efficiency and reduce emissions. For 

example, sensors and meters can be used to monitor 

and manage energy use in buildings, while electric 

vehicles and public transportation systems can help 

reduce the number of cars on the road and mitigate 

air pollution. 

Clean energy and technology can also have a 

positive impact on the economy of smart cities. The 

adoption of clean energy sources can create new jobs 

in sectors such as renewable energy and energy 

efficiency, while the implementation of smart 

technologies can enhance the efficiency and 

productivity of businesses and government services 
[43]. 

In general, the use of clean energy and technology 

in smart cities has the potential to reduce 

environmental impact, create economic benefits, and 

enhance citizens' quality of life. As the need for 

sustainable urban development continues to grow, we 

can expect to see more cities adopting clean energy 

and technology as key components of smart city 

strategies. 

Another important aspect of clean energy and 

technology in smart cities is their ability to increase 

resilience and prepare for potential disruptions. With 

the effects of climate change becoming more 

pronounced, cities need to be able to withstand 

extreme weather events and other crises. Clean 

energy sources such as solar panels and wind turbines 

can continue to generate electricity even during 

power outages, providing a reliable energy source for 

critical infrastructure such as hospitals and 

emergency services [44], [45]. 

Smart technologies can also help cities manage 

their resources more effectively in emergency 

situations. Real-time data from sensors can help 

identify areas that are in greatest need of resources, 

and autonomous systems can be used to quickly 

deliver essential supplies to these areas. Figure 4 

presents a visualization of technology focused on 

smart cities. 

 

 
Figure 4 Smart city-focused technologies  [46]  

 
However, there are also challenges related to the 

implementation of clean energy and technology in smart 

cities. One of the main challenges is the cost of 

implementing these technologies. While clean energy 

sources are becoming more affordable, the initial 

investment required for infrastructure and technology can 

be a barrier for some cities. 

Another challenge is the need for skilled workers and 

expertise to maintain and operate these systems. As 

technology use becomes more widespread in cities, 

workers with specialized skills in areas such as data 

analytics, cybersecurity, and renewable energy will be 

needed. 

In conclusion, the adoption of clean energy sources and 

technology is a key component of smart cities. These 

technologies can help reduce environmental impact, 

increase economic benefits, and improve resilience against 

potential disruptions. While there are challenges 

associated with their implementation, the benefits 

outweigh the costs and provide a path towards a more 

sustainable and efficient urban future [47], [48]. 

 

4. Result 

Smart cities consist of six important components: smart 

people, smart governance, smart living, smart mobility, 

smart environment, and smart economy. All these 

components are equally important and their integration is 

crucial for creating a smart city. Therefore, it is important 

to structure the integration of each component properly. 

This integration requires the use of technological 

advancements. The use of technology in smart cities can 

result in effective outcomes in many areas. However, a 

solely technology-based approach is not sufficient for 
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smart cities. It is crucial for governments and policy 

makers to establish and implement appropriate policies for 

the energy, transportation, and building sectors. This way, 

smart cities can achieve goals such as sustainability, 

efficiency, safety, and livability. 

Tools such as systems that monitor energy consumption 

in new buildings, new technologies that promote energy 

conservation, and building management systems can assist 

in the development of zero-energy buildings. Successful 

smart cities have adopted policies and strategies in the 

energy, transportation, and building sectors that largely 

focus on the expansion of new technologies, the use of 

renewable energy, and energy conservation. 

Policies in smart cities can vary depending on the 

characteristics of each city. For the sustainability of cities, 

governments and stakeholders must collaborate. Local 

governments can achieve objectives such as clean air, low-

consumption technologies, and new transportation 

systems. Stakeholders can also support the policies of local 

governments to achieve these objectives. 

In conclusion, the development of smart cities can be 

achieved by the integration of various factors such as the 

use of technology, the establishment and implementation 

of appropriate policies, and the integration of components. 

Therefore, it is important for research on the development 

of smart cities to consider these factors. 

 

5. Conclusion  

The development of smart cities is facing significant 

challenges due to the necessity to reduce CO2 emissions 

and meet energy demand. This study aims to identify and 

present effective policies related to the energy, 

transportation, and building sectors. Previous studies have 

shown that technologies and smart vehicles play a 

significant role in increasing efficiency and effectiveness 

in every sector. Solutions such as the use of IoT, the 

development of lighting programs, and energy 

conservation have led to successful results in smart cities 

concerning energy loss prevention. In the transportation 

sector, the use of electric vehicles (EVs) and smart 

transportation systems with traffic management ensure 

higher safety and timely transportation. In the building 

sector, IoT use results in reduced energy consumption and 

enables real-time adjustment of electricity consumption, 

management of ventilation and lighting, and adjustment of 

energy loads for grids. 

Past policies, strategies, and technologies' successes and 

failures should be reviewed. However, it should be noted 

that each country and city has different needs, and what 

works in one region or country may not work elsewhere. 

Additionally, local governments' attention to stakeholder 

needs and cooperation among them, especially the use of 

stakeholder knowledge by local governments, positively 

impacts smart city development. 

 

As a result, focusing on efficient policies in the 

development of green energy and solutions for attracting 

investment in clean energy development is crucial, based 

on the results of this study. 
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