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ABSTRACT 

 

URBAN DESIGN PARAMETERS AND APPLICATIONS IN ENERGY 

EFFICIENT CITIES IN LINE WITH THE SM ART CITY APPROACH: 

THE CASE OF MERSĶN 

 

 

 

Tarēmeri, Gamze 

Master of Science, Urban Design in City and Regional Planning 

Supervisor: Prof. Dr. Z. M¿ge Akkar Ercan 

 

 

December 2024, 264 pages 

 

 

In the contemporary era, the world is witnessing an unprecedented wave of 

urbanization, with more than half of the global population now residing in cities. 

This rapid urban growth poses significant challenges, including increased energy 

consumption, environmental degradation, and strain on infrastructure and resources. 

In response to these challenges, the concept of smart cities has gained traction as a 

viable solution to foster sustainable urban development. Energy efficiency is one of 

the main goals of smart cities because energy consumption significantly impacts the 

sustainability of urban areas. Integrating urban design principles with the smart city 

approach holds immense potential to create energy-efficient and livable urban 

environments. 

This research aims to examine the intersection of urban design parameters and 

energy efficiency within the framework of the smart city approach. Focusing on the 

symbiotic relationship between urban design and energy efficiency, this study 

investigates how thoughtful design choices can contribute to creating energy-

efficient cities. The study delves into key urban design parameters under three 
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headingsðopen space, building, and transportationðthrough an interdisciplinary 

lens encompassing urban planning, architecture, environmental science, and 

technology. Drawing upon existing models and empirical data, this thesis examines 

various applications of these parameters in real-world contexts to demonstrate their 

efficacy in fostering energy efficiency. Parameter-based analyses are conducted, and 

appropriate smart city applications are proposed using Mersin and its five district as 

a single case study to understand and assess the reflection of these design parameters 

in Turkey. Moreover, this research explores how smart city applications and 

innovative ideas can be integrated with urban design to enhance energy performance 

and optimize resource utilization. By synthesizing theoretical insights with practical 

strategies, this research aims to provide valuable insights and guidelines for 

policymakers, urban planners, architects, and stakeholders involved in shaping the 

future of cities toward sustainability and resilience. 

 

Keywords: Energy Efficiency, Smart City, Urban Design Parameters 
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¥Z 

 

AKILLI ķEHĶR YAKLAķIMI DOĴRULTUSUNDA ENERJĶ VERĶMLĶ 

ķEHĶRLERDE KENTSEL TASARIM PARAMETRELERĶ VE 

UYGULAMALARI: MERSĶN ¥RNEĴĶ 

 

 

 

Tarēmeri, Gamze 

Y¿ksek Lisans, Kensel Tasarēm, ķehir Bºlge Planlama 

Tez Yºneticisi: Prof. Dr. Z. M¿ge Akkar Ercan 

 

 

Aralēk 2024, 264 sayfa 

 

G¿n¿m¿z d¿nyasē eĸi benzeri gºr¿lmemiĸ bir kentleĸme dalgasēna tanēklēk etmekte 

ve k¿resel n¿fusun yarēsēndan fazlasē artēk ĸehirlerde yaĸamaktadēr. Bu hēzlē kentsel 

b¿y¿me, artan enerji t¿ketimi, ­evresel bozulma, altyapē ve kaynaklar ¿zerindeki 

baskē gibi ºnemli zorluklarē da beraberinde getirmektedir. Bu zorluklara yanēt olarak, 

akēllē ĸehirler kavramē s¿rd¿r¿lebilir kentsel kalkēnmayē teĸvik etmek i­in 

uygulanabilir bir ­ºz¿m olarak ilgi gºrmeye baĸlamēĸtēr. Enerji t¿ketimi kentsel 

alanlarēn s¿rd¿r¿lebilirliĵini ºnemli ºl­¿de etkilediĵi i­in enerji verimliliĵi akēllē 

ĸehirlerin ana hedeflerinden biridir. Kentsel tasarēm ilkelerinin akēllē ĸehir 

yaklaĸēmēyla b¿t¿nleĸtirilmesi, enerji a­ēsēndan verimli ve yaĸanabilir kentsel 

­evreler yaratmak i­in b¿y¿k bir potansiyel barēndērmaktadēr. 

Bu araĸtērma, akēllē ĸehir yaklaĸēmē ­er­evesinde kentsel tasarēm parametreleri ile 

enerji verimliliĵinin kesiĸimini incelemeyi ama­lamaktadēr. Kentsel tasarēm ve 

enerji verimliliĵi arasēndaki simbiyotik iliĸkiye odaklanan bu ­alēĸma, ºzenli tasarēm 

tercihlerinin enerji verimli ĸehirlerin yaratēlmasēna nasēl katkēda bulunabileceĵini 

araĸtērmaktadēr. ¢alēĸma, ĸehir planlama, mimarlēk, ­evre bilimi ve teknolojiyi 

kapsayan disiplinler arasē bir mercekle temel kentsel tasarēm parametrelerini a­ēk 
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alan, bina ve ulaĸēm olmak ¿zere ¿­ baĸlēkta incelemektedir. Mevcut modellerden ve 

ampirik verilerden yararlanan bu tez, enerji verimliliĵini artērmadaki etkinliĵini 

gºstermek i­in bu parametrelerin ger­ek d¿nya baĵlamlarēndaki ­eĸitli 

uygulamalarēnē incelemektedir. Bu tasarēm parametrelerinin T¿rkiye'deki 

yansēmasēnē anlamak ve deĵerlendirmek i­in Mersin ve beĸ il­esi ºrnek vaka olarak 

kullanēlarak parametreler bazēnda analizler yapēlmakta ve alan i­in uygun akēllē ĸehir 

uygulamalarē ºnerilmektedir. Ayrēca bu araĸtērma, enerji performansēnē artērmak ve 

kaynak kullanēmēnē optimize etmek i­in akēllē ĸehir uygulamalarēnēn ve yenilik­i 

fikirlerin kentsel tasarēma nasēl entegre edileceĵini araĸtērmaktadēr. Teorik bilgileri 

pratik stratejilerle sentezleyen bu araĸtērma, ĸehirlerin geleceĵini s¿rd¿r¿lebilirlik ve 

dayanēklēlēĵa yºnelik ĸekillendirmede yer alan politika yapēcēlara, ĸehir plancēlarēna, 

mimarlara ve diĵer paydaĸlara deĵerli bilgiler ve kēlavuzlar saĵlamayē 

ama­lamaktadēr. 

 

Anahtar Kelimeler: Enerji Verimliliĵi, Akēllē ķehir, Kentsel Tasarēm Parametreleri 
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CHAPTER 1  

1 INTRODUCTION   

1.1 Background and Context of the Topic 

The awareness and the adoption of sustainable practices are required due to the 

significant shift from suburbs to cities (Reith and Orova, 2015). Therefore, cities are 

important in promoting sustainable development strategies (Arto et al., 2016). 

Addressing energy demands is a paramount challenge in ensuring the sustainability 

of urban communities and their built environments. Consequently, bolstering the 

resilience of energy systems within urban areas emerges as a vital strategy in 

confronting the reality of the energy crisis driven by pervasive energy consumption 

(Ragheb, 2022). As a proactive strategy in addressing the energy crisis, energy-

efficient urban planning presents solution-oriented approaches for improving the 

urban living experience by implementing spatial solutions. These solutions also aim 

to foster a healthy and comfortable built environment while minimizing energy 

usage. Thus, energy-efficient design and urban planning stand out as the most 

economically viable way to diminish building energy consumption (El-Sherif, 2022). 

The utilization, diversity, and accessibility of energy significantly impact a city's 

economic advancement, environmental well-being, and the welfare of its 

underserved populations. Urban areas adopting sustainable, energy-efficient 

approaches and policies diminish their susceptibility to energy shortages and price 

fluctuations. They experience reduced traffic congestion, decreased energy 

expenditure, improved air quality, and are poised to gain a competitive advantage in 

the global economy by cultivating low-carbon initiatives. Specifically, it is important 

for cities in developing countries to prioritize the usersô needs first ïthis means that 

poorer households and small energy users need a sustainable energy-efficient plan 

(El-Sherif, 2022). As one of the main components of the smart city, energy deals 



 

 

2 

with energy efficiency in urban planning. Due to this strong connection and 

interoperation principle, energy efficiency and smart cities cannot be considered 

separately. Hence, sustainable and livable environments can be preserved or 

recreated by incorporating smart city approaches into planning and urban design. 

Indeed, the concept of a smart city serves as an umbrella term encompassing diverse 

categories (Lai & Cole, 2022). The smart city embodies a theoretical urban 

development paradigm that leverages human, collective, and technological resources 

to promote advancement and prosperity within urban centers (Angelidou, 2014). The 

"Smart City" concept aims to confront the referred challenges by exploring 

innovative and intelligent approaches to navigate the intricacies of urban life and 

devise solutions for diverse, interrelated issues such as energy consumption, resource 

allocation, environmental preservation, security, quality of life enhancement, urban 

operational efficiency, and the provision of an extensive array of services (Patr«o et 

al., 2020). Based on this concept, identifying and implementing suitable green 

technologies for urban planning should be considered a forward-looking step. The 

technologies used in smart cities collect data from people and environments (crowd 

density, traffic density, climate, etc.), which are then examined to achieve optimal 

maintenance of the components of the city (Srivastava et al., cited in Tomar & Kaur, 

2019). Green energy is a fundamental part of the progress of cities in research and 

development within the scope of green technology (Sultana, 2019). 

1.2 Problem Definition 

Many cities and societies worldwide face challenges and problems related to energy 

consumption, environmental sustainability, and quality of life due to significant 

population growth. This growth leads to the expansion of cities, consequently, 

increased energy demand, greenhouse gas emissions, pressure on the urban 

formations and components, and depletion of natural resources. The ósmart cityô 

concept came up to deal with these challenges and ensure sustainable development 

to provide the permanence of resources and reduce environmental, social, and 
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economic problems. Many urban problems can be managed using modern 

technology, which can also direct sustainable city design. These technologies assist 

cities in maintaining a reasonable quality of life and preserving natural ecosystems 

and resources. 

Central to the smart city paradigm is the integration of urban design principles that 

prioritize energy efficiency, resource optimization, and environmental resilience. 

However, while the concept of smart cities has gained traction in academic discourse 

and policy agendas, a gap exists in understanding how urban design parameters can 

be effectively applied to achieve energy efficiency goals within the context of smart 

cities. 

1.3 Aims, Objectives and Research Questions 

This study aims to elucidate the relationship between urban design parameters and 

energy efficiency in the context of smart cities. This involves investigating the key 

factors that influence energy consumption patterns in urban areas, exploring the role 

of urban form, land use planning, building design, transportation systems, and 

infrastructure in shaping energy demand and identifying strategies for integrating 

energy-efficient principles into the fabric of urban environments. 

Furthermore, the thesis aims to address the practical challenges and opportunities 

associated with implementing energy-efficient urban design solutions in real-world 

contexts. This includes examining the role of policy frameworks, regulatory 

mechanisms, technological innovations, stakeholder engagement, and community 

participation in driving the adoption of energy-efficient practices at the urban scale. 

This research also aims to explore the relationship between urban design parameters 

and energy efficiency in the context of smart cities. By reviewing the design methods 

and parameters, analyzing existing models, and synthesizing empirical evidence 

through the literature review, energy efficiency-related parameters are tested on the 

case study site and smart city applications are proposed. 
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The main research question is: ñHow can urban design principles be used to create 

sustainable and energy-efficient urban spaces in Mersin that are in alignment with 

smart city paradigms?ò This research question is critical to help establish a 

background on which variables are effective and what approach should be 

considered to create energy-efficient cities. 

Sub-questions of this study are: 

(1) What are the key urban design parameters to enhance energy efficiency?  

(2) What are the main urban design principles to develop energy-efficient urban 

space in cities?  

(3) How these urban design parameters and principles can be assessed through 

morphological analysis of urban space?  

(4) How can smart city technologies and applications can be integrated to develop 

energy-efficient urban spaces in cities?  

(5) Which smart city technologies and applications can be applicable in Mersin? 

How? 

By addressing these research questions, the study seeks to contribute to a deeper 

understanding of how urban design can be leveraged as a strategic tool for promoting 

energy efficiency and sustainability in cities within the framework of smart city 

development. Ultimately, the findings of this research endeavor to inform urban 

planners, policymakers, designers, and other stakeholders in pursuing more resilient, 

resource-efficient, and livable urban futures. 
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1.4 Research Methodology 

1.4.1 Introducing the Research Methodology 

This research aims to identify urban design parameters that enhance energy 

efficiency within the framework of the smart city approach. The study focuses on 

three primary areas: open space, building, and transportation. A thorough literature 

review is conducted to determine the parameters contributing to energy efficiency in 

each domain. Following this, how smart city applications can be integrated to support 

these parameters is examined. Examples of smart city applications worldwide are 

analyzed to understand their effectiveness and applicability. After a comprehensive 

literature review, the findings are used to evaluate a selected case study area in 

Turkey, proposing suitable smart city applications based on global examples and the 

specific needs of the chosen location. 
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Figure 1.1. The Methodology Adopted in the Thesis 

The methodology of the research presented in Figure 1.1 includes many parts. The 

first part is the literature review that presents the energy efficiency and smart city 

concept. It focuses on urban design parameters and analyzes their effects on energy 

efficiency. This part also reviews the smart city concept and its applications related 

to energy efficiency. Following comprehension of both realms, this part analyzes 

correlations and draws deductions. After revealing the results obtained from the 

investigation of the best cases and smart city applications in energy efficiency, this 

research focuses on the case study of Mersin through various analyses, and seeks to 
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develop suggestions on which smart city applications can improve energy efficiency 

in Mersin, taking into account the particular structure of the area. 

1.4.2 Analysis Approach 

The analysis was conducted in several stages, the first stage of which is the literature 

review. A comprehensive review of academic and industry literature was undertaken 

to identify key urban design parameters that enhance energy efficiency. The focus is 

on the domains of open space, building, and transportation. Smart city applications 

that support these parameters were identified and categorized. The second stage is to 

investigate global cases. Examples of smart city applications in the world were 

collected and analyzed. These case studies provides insights into the practical 

implementation and effectiveness of various smart city technologies and strategies. 

The cases were analyzed to understand and assess how they aligned with the 

identified urban design parameters and their impact on energy efficiency. Last but 

not the least was appplication to the Turkish context. The selected case study area in 

Turkey, i.e., Mersin and its five districts, was examined in detail. The current urban 

design and infrastructure were analyzed using the parameters identified in the 

literature review. In light of the literature review, the thesis aims to reveal the 

methods and technics of measuring energy efficiency in cities to make them smart. 

Rather than comparing the cases, it conducted 9 types of analyses in five different 

districts of Mersin. 

Based on these analyses conducted in Mersin, suitable smart city applications were 

proposed for the selected area. The proposals considered the unique characteristics 

and needs of the area, ensuring that the recommended applications were feasible 

and beneficial. 
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1.4.3 Selection of the Single Case Study 

The study focuses on how it is reflected in a particular urban area of Turkey in 

accordance with the inferences drawn from the empirical analysis. The selection 

criteria for this case study include representativeness, need for redevelopment and 

availability of data. The area should reflect typical urban morphology, building types 

and transportation networks in Turkish cities. The area should exhibit potential for 

energy efficiency improvements and be in need of redevelopment. Also, 

comprehensive data on the current urban design and infrastructure should be 

accessible. 

Based on these criteria and the review of previous analyses in the literature, 

conducting nine distinct analyses across Mersin and its five districts has been deemed 

appropriate. These analyses were carried out at macro (city-wide), meso (district), 

and micro (street or building block(s)) scales. Each analysis examines the impact of 

urban design on energy efficiency from different perspectives and employs various 

techniques to achieve this. This approach allows us to infer that energy efficiency 

can be assessed using different methods and techniques across various scales. 

In the first analysis, approximate annual energy consumptions were calculated based 

on the landuse pattern for the 1/50,000 scale Additional and Revision Master 

Development Plan for 2018. In this regard, inferences were made about which areas 

consume more energy. The results obtained from the annual average energy 

consumption calculations for Mersin reveal the energy consumption profile of the 

city according to various land use types. The second analysis examines the impact 

of shading on energy consumption across different seasons based on building 

orientation in Yeniĸehir. In the third analysis, which is conducted in Gºksu 

Neighborhood, located in Silifke, the ratio of the distance between buildings and 

their heights was examined. By applying the formula Ὓ ὨȾὬ. In the fourth analysis, 

the wind flow between buildings in a coastal site in Mezitli was examined. It was 

investigated how the prevailing wind behaves in different building shapes and fa­ade 

types and how it affects the energy use and the movement of people inside the 
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building and on the street. In the fifth analysis, energy efficiency analysis was 

performed on the building densities of the same sized areas selected with different 

allowed building area values in two different neighborhoods of Erdemli. In analysis 

6, which is conducted in three different areas in Silifke, solar energy potentials were 

calculated according to the heights and roof shapes of the buildings. In analysis 7, 

which is conducted in Erdemli and Mut, a connectivity index was calculated to 

measure how different urban forms affect connectivity. In analysis 8, the relationship 

of Mezitli, Erdemli, Silifke, and Mut with the Mersin CBD has been analyzed using 

the Urban Centrality Index (UCI). Analysis 9 explains the relationship between 

energy efficiency and road density on one of the main roads of Mezitli (GMK 

Boulevard). In this analysis, it was examined how the change in road capacity, i.e. 

the number of lanes, affects energy consumption via a simulation. 

These areas, where nine different analyses were conducted, serve as the basis for 

applying and testing the identified smart city applications and energy-efficient urban 

design parameters. In Analysis 1, a study is conducted based on parameters under 

the open space category. Analyses 2, 3, and 4 examine parameters under both the 

open space and building categories. Analyses 5 and 6 focus on parameters within the 

building category. In Analysis 7, an investigation is carried out using parameters 

from the open space and transportation categories. Finally, Analyses 8 and 9 examine 

parameters under the transportation category through field studies to derive 

implications for energy efficiency. 

The parameters, categorized under three main headings based on the literature 

review, are interrelated and cannot be considered independently. Consequently, 

some analyses encompass multiple categories, highlighting the interconnectedness 

and importance of these parameters. This interdependence underscores the critical 

role they play in assessing energy efficiency within urban design. 
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1.5 Structure of the Thesis 

This research consists of five chapters including Introduction and Conclusion 

chapters. 

Chapter 2 explores the intersection of smart city initiatives, green technology 

integration, and the utilization of renewable energy sources to enhance energy 

efficiency within urban environments. It begins by dissecting the concept of a smart 

city, delving into its underlying principles and key components. Subsequently, the 

chapter investigates the role of green technologies in bolstering energy efficiency, 

examining various innovations and advancements in areas such as building design, 

transportation, and waste management. Then, it delves into the transformative 

potential of green energy sources, such as solar, wind, and hydroelectric power, in 

mitigating carbon emissions and reducing reliance on fossil fuels. Furthermore, the 

chapter explores the synergies between energy-efficient cities and smart city 

applications, elucidating how integrated approaches can optimize resource 

utilization, improve infrastructure resilience, and enhance quality of life for urban 

residents. 

Chapter 3 delves into the pivotal concept of "Energy Efficient Cities," driven by an 

urgent global need for sustainable urban development to combat climate change and 

optimize resource utilization. It covers the main characteristics of energy-efficient 

cities, elucidating their reliance on integrated urban planning. A substantial portion 

of the chapter investigates the intricate relationship between urban design and energy 

efficiency, highlighting how thoughtful urban design can significantly influence 

energy consumption patterns and overall environmental impact. Finally, it 

scrutinizes key design parameters crucial for fostering energy-efficient urban 

environments. Drawing upon global examples, the section showcases pioneering 

initiatives and exemplary projects from around the world, elucidating diverse 

approaches to achieving energy efficiency at an urban scale. 
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Chapter 4 focuses on a comprehensive analysis of the designated case study area, 

providing an in-depth overview of its current state and contextual factors influencing 

its urban fabric and energy dynamics. It meticulously examines the existing 

infrastructure, socio-economic conditions, and environmental challenges within the 

case study area to establish a baseline understanding. Subsequently, the chapter 

reflects upon the design parameters pertinent to Turkey's unique context, considering 

factors such as population density, urban sprawl, cultural heritage, and climate 

variability. Through world examples and empirical evidence, the chapter outlines 

tailored design strategies and interventions aimed at fostering energy efficiency and 

sustainability within the Turkish urban landscape and offers insights into successful 

smart city applications, innovative solutions and emerging trends in harnessing 

technology and sustainability to create more efficient and livable urban 

environments. 

Chapter 5 is conclusion. A brief synopsis of the research is provided, evaluation of 

the research's findings and suggestions are given, and arguments for future 

possibilities in terms of energy-efficient urban design are examined. 
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CHAPTER 2  

2 ENERGY EFFICIENCY WITH SMART CITY APPROACH  

This chapter initially undertakes an analysis of the correlation between smart cities 

and energy efficiency. Furthermore, a comprehensive analysis of smart cities is 

conducted. 

Figure 2.1 is a Venn diagram that visually represents the interconnectedness between 

Sustainable Development, Smart Cities, and Energy Efficiency. The considerable 

overlap among these notions demonstrates their interdependence and the necessity 

of integrating them with one another for their complete realization. 

¶ Sustainable Development is an approach to growth and human development 

that focuses on meeting current needs without compromising future 

generations, which includes energy-efficient strategies and smart urban 

solutions (Yigitcanlar & Dizdaroglu, 2015; Trindade et al., 2017; Almihat, 

2022). 

¶ Smart Cities rely on technology and innovation to optimize urban living, 

enhance resource efficiency (including energy), and ensure sustainability 

(Trindade et al., 2017; Angelidou, 2014; Yigitcanlar, 2006; Almihat, 2022). 

¶ Energy Efficiency is a key component of both sustainable development and 

smart city initiatives, ensuring that energy consumption is minimized while 

maximizing output, contributing to the overall sustainability of cities 

(Nurulin et al., 2019; Almihat, 2022). 

Their overlap showcases that these concepts must work together for holistic urban 

development. 
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Figure 2.1. Interrelationship between Sustainable Development, Smart Cities, 

Energy Efficiency and Urban Design 

The area labeled "1" examines the concept of Smart Cities, hierarchically categorized 

from the most comprehensive to the specific, under the headings of Green 

Technology, Green Energy, and Renewable Energy. Within the context of smart 

cities, the terms Green Technology and Green Energy emphasize energy efficiency, 

with particular focus on the "green" aspect highlighting sustainability and efficient 

energy use. 

The area labeled "2" represents the intersection between Energy Efficiency and 

Smart Cities. This section highlights smart city applications and solutions that 
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contribute to enhancing energy efficiency within the scope of Smart Energy among 

smart city components. These solutions include: 

¶ Management of green spaces 

¶ Public bicycle systems 

¶ Smart HVAC (Heating, Ventilation, and Air Conditioning) systems 

¶ Renewable Energy 

¶ Solar City 

¶ Pedestrianization 

¶ Zero-carbon City 

¶ Compact City Planning 

¶ Smart Meters 

¶ Public Transport System 

¶ Green Certified Buildings 

¶ Energy Efficient Street Lighting 

These technologies and strategies are designed to optimize energy consumption and 

support sustainable urban development. A comprehensive review of each is 

conducted in the section under "2.5 Energy Efficient Cities and Smart City 

Applications". 

The area labeled "3" evaluates Energy Efficiency from the perspective of urban 

planning and design. The importance and impact of energy efficiency are discussed 

through various parameters, highlighting its critical role in sustainable urban 

development. 

The area labeled ñ4ò examines the real-life reflection of how urban design is 

processed on the concepts of sustainable development, energy efficiency and smart 

city. In this direction, different analyzes are made at different scales. Since the real-

life reflection of these is created not only by urban design but also by various policy 

methods, it is not depicted in a completely comprehensive dimension. 
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In this thesis, unlike previous studies, certain analyses were conducted using digital 

tools, while others were carried out employing traditional design techniques. 

Therefore, as demonstrated in this study, it is essential to develop a complementary 

system that integrates both methods effectively. 

2.1 Smart City 

"Smart City" emerged as a novel study idea in 1992 with the publication of the book 

"The Technopolis Phenomenon: Smart Cities, Fast Systems, Global Networks". 

Subsequently, this field of study has not only drawn various research fields, but also 

numerous stakeholders, including government organizations, industries, and social 

society, who are endorsing the increasing recognition of the "Smart City" concept 

within the global sustainable development framework (Tomar & Kaur, 2019; Patr«o 

et al., 2020). 

The notion of the Smart City has arisen as a reaction to the increasing difficulties 

presented by urbanization, technological progress, and the environmental 

requirements for sustainability. Contemporary cities are confronted with a multitude 

of challenges, encompassing growing populations, climate change, deteriorating 

infrastructure, and heightened energy requirements. Innovative, data-driven 

solutions are necessary to address the intricate and changing issues in urban living, 

including energy consumption, resource management, and environmental 

sustainability (T.C. ¢evre, ķehircilik ve Ķklim Deĵiĸikliĵi Bakanlēĵē, 2019a). 

The UN reports that a greater proportion of people reside in urban areas than in rural 

areas. By 2050, the proportion of the global population living in urban areas is 

projected to reach over 68% (United Nations, 2018a; United Nations, 2018b as cited 

in Patr«o et al., 2020). Currently, urban areas are projected to account for 80% of the 

total worldwide economic growth and contribute to around 72% of annual global 

greenhouse gas emissions. The ongoing expansion of urban areas emphasizes the 

necessity for sustainable urban planning, ensuring the development of cities that are 
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inclusive, resilient, and capable of adapting to future requirements (European 

Commission, 2020 as cited in Patr«o et al., 2020). Complying with the multi-

dimensional human and sustainable needs of urban areas and assessing city growth 

development in relation to "Sustainable Development Goal 11" of the 2030 Agenda 

for Sustainable Development is crucial (Patr«o et al., 2020). The Smart City concept 

seeks to tackle these issues by utilising innovative and smart techniques to handle 

the intricacy of urban life and apply remedies for multidisciplinary issues including 

energy usage, resource optimization, environmental preservation, security, quality 

of life, urban operational efficiency, and the provision of a diverse range of services 

(Tomar & Kaur, 2019; Patr«o et al., 2020). 

The Smart City is an urban paradigm that effectively integrates human, technical, 

and community resources to enhance municipal services and foster sustainable 

growth. Although there are many definitions in the literature, none have been widely 

agreed upon by the scientific community. However, most interpretations agree that 

a Smart City use Information and Communications Technology (ICT) to maximize 

resource utilization, enhance urban system governance, and contribute to socio-

economic competitiveness (Angelidou, 2014). The two most referenced categories 

of publications characterize the smart city as a predominantly technology-focused 

approach, while another highly cited and influential document in the field, published 

between 1992 and 2012 by Giffinger et al. (2007), presents it as a harmonious 

integration of human, social, cultural, economic, environmental, and technological 

aspects. Technology should be seen as a tool to get the desired results of a Smart 

City deployment based on the specific requirements of its surrounding environment, 

energy consumption, population, business, governance, and other factors (Lai & 

Cole, 2023; Patr«o et al., 2020; Angelidou, 2014; Giffinger et al., 2007). 

The many interpretations of "smart" have led to the emergence of other similar 

phrases, including digital city, intelligent city, knowledge city, and wired city, in an 

effort to define this ambiguous notion, as described by different academics. 

Notwithstanding these endeavors, the concept of a smart city is inherently complex, 

and as a result, there is still no complete consensus and universally accepted meaning 
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of the phrase "smart city" (Albino et al., 2015; Patr«o et al., 2020; Sharifi, 2019a; 

Moura & Abreu e Silva, 2019). Within the literature, other words are used to describe 

comparable notions, such as "Smart City", "Sustainable City", "Future City", "Green 

City", "Resilient City", "Eco-City", "Low-carbon City", "Intelligent City", and 

"Digital City". It is also occasionally seen that a mixture of terminology is used to 

define or propose new ideas, such as the notion of "Smart Sustainable City," for 

demarcation reasons. Terminology such as "Resilient City" or "Knowledge City" can 

be used to emphasize unique aspects of their particular evaluation (Martins et al., 

2021; Patr«o et al., 2020; Seto et al, 2021). 

Within the literature, "Sustainable City" is considered an umbrella term that 

encompasses different concepts such as "Smart City". A "Sustainable City" is 

characterized by the harmonious integration of social, economic, environmental, and 

institutional elements. On the other hand, a "Smart City" is said to have the primary 

objective of enhancing the sustainability of cities by using ICT, fostering 

collaboration among key stakeholders, and integrating different domains. 

Furthermore, Martins et al. (2021) asserts that a "Sustainable City" prioritizes 

environmental and social variables, whereas a "Smart City" mostly emphasizes 

technological, economic, and social factors. Contrarily, other publications identify 

"Sustainability" as one of the many characteristics or aspects of Smart Cities. They 

argue that the overall objective of Smart Cities is to enhance sustainability via the 

use of technology (Albino et al., 2015; Sharifi, 2019a; Patr«o et al., 2020; Moura & 

Abreu e Silva, 2019). Broadly speaking, there exist two categories of smart city 

domains: the "hard" domain and the "soft" domain (Albino et al., 2015; Neirotti et 

al., 2014). The former refers to the urban technical infrastructure and system, 

including buildings, energy grids, mobility, and water management, which are the 

city settings that are influenced and enhanced by the application of information and 

communication technology (ICT) and policy intervention. The latter refers to 

cultural and societal considerations, such as education, policy innovations, 

governance, and social inclusion, which are not determined by the ICT application 
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but aim to establish the appropriate societal and institutional conditions for ICT 

implementation (Albino et al., 2015; Neirotti et al., 2014; Sharifi, 2019a). 

The European Commission (EC) defines Smart Cities as surpassing the mere use of 

ICT, therefore highlighting the interconnectedness of infrastructures to provide 

advantages across several sectors. According to the EC (European Commission as 

cited in Patr«o et al., 2020) Smart Cities are ñCities using technological solutions to 

improve the management and efficiency of the urban environmentò. Such 

improvements encompass more smart urban transportation, enhanced water and 

waste infrastructure, and more effective methods of lighting and heating buildings 

(European Commission as cited in Patr«o et al., 2020). IEEE also embraces a more 

comprehensive interpretation of the Smart City idea, where technology is regarded 

as a facilitator for enhancing quality of life and reducing environmental degradation 

(Ahvenniemi, 2017). The IEEE Smart Cities Initiative defines that "a Smart City 

brings together technology, government and society and includes but is not limited 

to the following elements: A smart economy, Smart energy, Smart mobility, A smart 

environment, Smart living, Smart governanceò (IEEE as cited in Patr«o et al., 2020) 

The United Nations acknowledges that no standard definition for Smart City exists, 

referencing the International Telecommunication Union (ITU)'s definition of a 

"Smart Sustainable City," which uses ICT to improve quality of life and urban 

efficiency while ensuring sustainability for future generations. In order to achieve its 

overarching goal of developing inclusive, safe, resilient, and sustainable urban 

environments, the United Nations (UN) urges governments and stakeholders to work 

together to develop a common understanding. of Smart Cities that is adapted to local 

circumstances (United Nations, 2016; ITU, 2016; Patr«o et al., 2020). 

Becoming a Smart City 

A Smart City, also known as intelligent city, is a city that has the ability to enhance 

the quality of life for its residents. It provides long-term opportunities for cultural, 

economic, and social development in a healthy, secure, thrilling and dynamic 
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environment (Smart Cities Council, 2015; Casini, 2017). A smart city is a city that 

ensures: 

¶ Economic competitiveness (smart economy), innovation, entrepreneurship, a 

positive economic image, productivity, job market adaptability, international 

integration, and the ability to undergo transformation; 

¶ The development of citizens' intelligence and social interaction (smart 

people), degree of expertise, comprehensive and continuous education, 

diverse social and ethnic backgrounds, adaptability, creativity, global 

perspective, and active involvement in public affairs; 

¶ The efficient operation and provision of services (smart governance), 

involvement in decision-making processes, the delivery of public and social 

services, transparent government activities, and political strategies and 

viewpoints; 

¶ The presence of information and communication technologies, as well as 

contemporary and sustainable transportation systems (smart mobility), both 

locally and internationally, together with the availability of IT infrastructures, 

development of sustainable, innovative, and safe transportation systems; 

¶ High environmental quality (smart environment), allure of the natural 

conditions, pollution levels, the protection of the environment and 

sustainable management of resources; 

¶ Lif e, culture, health, and safety quality (smart living), social structures, health 

conditions, personal safety, quality of dwellings, educational institutions, 

tourism attractions and social cohesiveness (Casini, 2017). 

Smart City Components 

The European Union, considering 28 countries, addresses the smart city with 6 

characteristics and examines the cities as having undertaken initiatives in at least one 

of these characteristics. According to the EU, these are Smart Governance, Smart 

People, Smart Living, Smart Mobility, Smart Economy, and Smart Environment. 

Additionally, Information and Communication Technologies (ICT) are highlighted 
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as supportive tools that provide smart organization and management tools to help 

cities overcome the challenges they face by connecting and strengthening human, 

business, infrastructure, resource, energy, and spatial networks (T.C. ¢evre, 

ķehircilik ve Ķklim Deĵiĸikliĵi Bakanlēĵē, 2019a). 

 

Figure 2.2. Smart Cities Mandala (European Union & Giffinger et al., 2007) 

The Smart City Circle, created by renowned strategist Dr. Boyd Cohen, has the 

potential to stimulate innovative concepts for smart cities due to its user-friendly 

framework. The smart city function areas are located at the center of the circular. 

Smart mobility, as defined by the European Union, encompasses a range of concepts 

related to government, economics, environment, and the well-being of individuals. 

The subsequent circle illustrates the significance of several focal points in the 

functional domain, such as health, transparency, green city design, efficiency, 

alternative energy, priority for non-motorized transport, social inclusion, and so on. 
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The last circle is an index that includes more. There are more than 100 variables that 

can help cities and their residents develop smart projects based on this model. Apart 

from this, Cohen connects smart city development to periods and schools. Smart City 

1.0 Model is technology-driven city models dominated by the leadership of large 

multinational technology providing companies. Smart City 2.0 is understood to be a 

process carried out under the ownership of local governments, not technology 

companies, in which smart technologies and innovation play an influential role, 

together with innovative mayors and city managers. At this level, it focuses on 

technology support to improve the city's quality of life. In the Smart City 3.0ò model, 

city solutions have a citizen participation characteristic (Cohen, 2014; T.C. ¢evre, 

ķehircilik ve Ķklim Deĵiĸikliĵi Bakanlēĵē, 2019a). 

 

Figure 2.3. Boyd Cohen Circle (Cohen, 2014) 
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The Smart City Structure in Turkey, as outlined in the 2020-2023 National Smart 

Cities Strategy and Action Plan, published by the Ministry of Environment, 

Urbanization, and Climate Change, is shaped under two main headings: Smart City 

Management and Smart City Applications (T.C. ¢evre, ķehircilik ve Ķklim 

Deĵiĸikliĵi Bakanlēĵē, 2023). 

 

Figure 2.4. Smart City Structure mentioned in the 2020-2023 National Smart Cities 

Strategy and Action Plan (T.C. ¢evre, ķehircilik ve Ķklim Deĵiĸikliĵi Bakanlēĵē, 

2023) 



 

 

24 

Smart City Management and Applications within the scope of the Smart City 

Structure and Smart City Components defined under these competencies are as 

follows: 

Smart City Management: 

Governance: It refers to the actions taken to enhance, empower, and maintain city-

wide leadership among the necessary stakeholders in the field of Smart Cities. It also 

involves identifying effective methods to ensure sustainability over the long term. 

Strategy Management: It refers to the actions focused on developing Smart City 

Strategies and converting them into roadmaps for running the city. It also involves 

managing the successful implementation of these strategies. 

Policy management: It refers to the actions involved in establishing and executing 

policies that establish the guiding principles for various aspects of the Smart City 

domain. 

Integrated Service Management: It refers to the actions that focus on enhancing 

the effectiveness and delivery of city services by utilizing Smart City solutions and 

inclusive channels for seamless engagement. 

Business management: It encompasses the processes of governing, planning, and 

making decisions within the business sector to deliver city services through the 

utilization of Smart City solutions. 

Smart City Applications:  

Smart Environment: It refers to the utilization of Information and Communication 

Technologies to effectively manage waste, air, water, soil, and climate change. Its 

primary goal is to ensure the long-term sustainability of the environment and 

preserve the natural resources of a city. This is achieved through the implementation 

of green city planning and comprehensive environmental management. 

Smart Security: It is a comprehensive set of features that aim to assess and 

guarantee the efficiency of urban security. It is specifically developed to safeguard 
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individuals and handle emergencies related to security risks in cities via the use of 

technology. 

Smart Resident: It is an individual who possesses a profound degree of 

consciousness, engagement, and ingenuity. They are a lifelong learner who has 

integrated Information and Communication Technologies into their daily life. They 

are also a crucial component of human and social capital and play a major role in 

city life. The Smart Resident component encompasses the topics of "Social 

Infrastructure, Cultural Interaction, and Dependency". Social infrastructure refers to 

the range of activities and services that are designed to enhance the well-being and 

overall quality of life for individuals and society as a whole. These include areas 

such as education, healthcare, culture, tourism, arts, sports, and social assistance. 

Smart Building:  It is a system that uses rational and technical approaches to enhance 

the quality of life by addressing fundamental needs such as housing and 

accommodation quality, building security measures, and energy-efficient air 

conditioning systems for all buildings in a city. 

Smart Economy: The concept encompasses both the individual and collective 

aspects of a city's economic structure, including the many economic inputs, outputs, 

and activities that are conducted within the context of smart industries. In light of the 

growing consumption factors across all sectors, the objective is to optimize the 

utilization of current resources and develop strategies to enhance consumption while 

simultaneously enhancing the quality of life. The key principles in this context are 

competitiveness, brand value, and sharing economy. 

Smart Spatial Management: It entails the ability of cities to withstand and recover 

from natural disasters, such as earthquakes, floods, and landslides, which can result 

in human casualties and property damage. This resilience is crucial for cities to thrive 

socially, culturally, and economically, while following to the principles of 

urbanization and ensuring long-term sustainability. 
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Smart Health: It encompasses a range of apps and services that have the goal of 

enhancing quality of life, improving healthcare services, raising individuals' 

knowledge about their health, and offering smart analysis of health data. 

Smart Governance: It is a form of governance that facilitates quicker, more precise, 

and more efficient decision-making compared to traditional methods of public 

administration. It incorporates principles of transparency, participation, and 

accountability in various public administration processes, including analysis, 

planning, implementation, and policy-making. 

Information Technologies: It facilitates the generation, gathering, manipulation, 

processing, and dissemination of various forms of information (such as speech, data, 

text, images, etc.) by using technology. Information Technologies play a crucial role 

in supporting many services within the Smart City framework, including city 

administration, energy, transportation, and infrastructure in a comprehensive 

manner. 

Smart Transportation:  It encompasses sustainable, secure, interconnected, and 

integrated transportation systems that incorporate many modes of transportation such 

as tram, bus, rail, metro, automobile, sea and air travel, bikes, and pedestrians. 

Smart Energy: It is a power management network that utilizes highly efficient and 

increasingly sustainable power sources. It aims to save costs and energy by 

incorporating an inner vision and integrated, flexible resource systems for strategic 

planning. This approach is based on innovative methods and holds public value. 

Communication Technologies: It encompasses the physical and virtual 

components, as well as the standards and devices, that facilitate the exchange of 

information. Communication technologies serve a wide range of services, including 

energy, transportation, infrastructure, and city administration within the context of 

smart cities. 

Information Security:  It involves protecting information through the 

implementation of the risk management process, in accordance with the principles 
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of confidentiality, integrity, and accessibility. Information Security covers the 

protection and management of many technological components such as networks, 

software, devices, and data. Its primary objective is to protect these elements and 

ensure preparedness against potential future threats. 

Smart Infrastructure:  It refers to the interconnected systems that transmit, analyze, 

measure, and monitor data collected by sensors in the areas of Smart Environment, 

Smart Transportation, and Communication Technologies. These systems are 

designed to effectively meet user requirements and adapt to environmental changes, 

while also providing public value. 

Natural Disaster and Emergency Management: It comprises a range of 

applications and systems that facilitate the transition back to everyday life, mitigate 

potential damages through proactive measures, ensure preparedness for disasters and 

emergencies, intelligently analyze data related to such circumstances, and intervene 

promptly when necessary. 

Geographic Information Systems (GIS): It encompass the necessary components, 

such as hardware, software, human resources, standards, and methods, for the 

production, supply, storage, processing, management, valuation, analysis, sharing, 

visualization, and maintenance of geographic data. These systems facilitate spatial 

interactions across various sectors (T.C. ¢evre, ķehircilik ve Ķklim Deĵiĸikliĵi 

Bakanlēĵē, 2019b). 

Cities are increasingly combining smart growth strategies with advancing clean 

energy initiatives to reduce the environmental impact of urban expansion while also 

achieving other social, environmental, and health benefits. These smart growth 

strategies are applied in areas such as land use, transportation, and community 

development, and are guided by principles first established in 1996 by the Smart 

Growth Networkða coalition of governmental, business, and nonprofit 

organizations: 

¶ Mixing land uses 
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¶ Compact building design 

¶ Diverse housing options 

¶ Walkable neighborhoods 

¶ Distinctive communities with a strong sense of place 

¶ Preservation of open space and critical environmental areas 

¶ Directing development toward existing communities 

¶ Offering a variety of transportation choices 

¶ Making development decisions predictable, fair, and cost-effective 

¶ Encouraging smart infrastructure to exchange information with the 

administrations and regulate the energy flows (e.g. Smart grids) 

¶ Utilizing technologies related to the resilience in the city to cope with the 

meteorological phenomena related to climate change 

¶ Smart waste systems to avoid unnecessary waste (Samarripas, 2024; Casini, 

2017). 

2.2 Green Technology Use in Energy Efficiency 

Energy is a crucial component for sustaining life in contemporary cities and serves 

as the primary driving force for all fundamental activities inside these urban areas. 

Furthermore, it is a significant contributor to environmental issues in urban areas due 

to its production from non-sustainable sources. Consequently, the adoption of green 

technology for energy generation in cities is crucial for attaining sustainability in 

these cities (Rees, 1996; Laffta & Al-rawi, 2018). 

Technology involves applying knowledge to meet practical needs. Green 

technologies comprise a wide range of technological solutions that assist in 

minimizing the negative effects of human activities on the environment and promote 

sustainable development. The key criteria for green technologies include social 

equity, economic viability, and sustainability. Although there is no universally 

accepted or internationally recognized definition of green technology, it is generally 
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understood as technology that can significantly enhance environmental performance 

compared to other technologies. This concept is associated with "environmentally 

sound technology," a term from the United Nations Conference on Environment and 

Development's Agenda 21, though its usage has declined. According to Agenda 21, 

environmentally sound technologies are those that protect the environment, cause 

less pollution, use resources more sustainably, recycle more waste and products, and 

manage residual waste more effectively than the technologies they replace (UN. 

Department of Economic and Social Affairs, 1992; UN.ESCAP, 2012). Other terms 

associated with green technology include climate-smart, climate-friendly, and low-

carbon technology (UN.ESCAP, 2012; Soni, 2015; Laffta & Al-rawi, 2018). 

Currently, the environment is rapidly approaching a critical threshold where we 

would have caused lasting and irrevocable harm to planet Earth. The acts we are now 

taking are leading the globe towards an ecological catastrophe, which, if it were to 

occur, would make devastation unavoidable. Green technologies are a proactive 

strategy aimed at preserving the environment. Green technologies encompass 

environmentally conscious innovations that frequently encompass energy efficiency, 

recycling, safety and health considerations, and the utilization of renewable 

resources, and many more (Soni, 2015; Tomar & Kaur, 2019). Some of the examples 

are the use of soil and urban transport, waste management in the city, quality of air, 

cultural heritage of cities, urban information systems, sustainable energy, 

agriculture, and new building materials applied to urban development and 

sustainable water management. These technologies serve as tools to enhance the 

sustainability of cities and improve the quality of life for residents (Moreno, 2009; 

Laffta & Al -rawi, 2018; Tomar & Kaur, 2019). The globe possesses a finite quantity 

of natural resources, a portion of which has already been exhausted or damaged. 

Green technology utilizes sustainable natural resources that are infinite. Green 

technology employs novel and cutting-edge methods for generating energy. Green 

nanotechnology, which incorporates green engineering and green chemistry, is a 

cutting-edge application of environmentally friendly technologies. The disposal of 

waste is a significant contributor to environmental contamination. Green technology 
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also provides solutions to that. It has the ability to efficiently alter waste patterns and 

manufacturing methods in a manner that is environmentally friendly, allowing us to 

adopt sustainable practices. Potential sources of these innovations and expansions 

are anticipated to arise in sectors such as renewable energy, sustainable farming, 

environmentally-friendly fabrics, eco-conscious construction projects, and the 

production of associated goods and materials to bolster sustainable enterprises. Due 

to its novelty in the business, this product is anticipated to appeal to new customers 

who will recognize the numerous benefits of using green technology in their homes 

and elsewhere. In addition to various types of green technologies, energy creation 

may be achieved through the use of solar power and fossil fuels. These do not have 

any detrimental impact on the world. Therefore, future generations can likewise 

derive advantages from these resources without causing any harm to the environment 

(Soni, 2015; Tomar & Kaur, 2019; Casini, 2017). 

When it comes to pollution, green technology encompasses both process and product 

innovations that produce little to no waste while enhancing resource and energy 

efficiency. It also includes "end-of-the-pipe" technologies designed to treat 

pollution. Green technology goes beyond just individual technologies; it also 

involves systems that comprise expertise, procedures, goods and services, 

equipment, and organizational and management practices (UN.ESCAP, 2012). 

Different Types of Green Technologies 

Green technology encompasses a wide range of production and consumption 

technologies. The adoption and utilization of green technologies include the 

application of environmental technologies for the purpose of monitoring and 

evaluating, preventing and managing pollution, as well as restoring and remedying 

environmental damage. Monitoring and assessment technologies serve to measure 

and monitor the present condition of the environment, including the emission of 

dangerous substances, whether they are naturally occurring or caused by human 

activities. Prevention technologies aim to prevent the creation of harmful compounds 

that might harm the environment or to modify human activities in order to reduce 
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environmental damage. This can include substituting products or completely 

redesigning manufacturing processes, rather than just using new equipment. Control 

technology neutralizes dangerous compounds prior to their release into the 

environment. Remediation and restoration technologies are techniques developed to 

enhance the condition of ecosystems that have been negatively impacted by either 

natural or human-induced factors (UN. Environment Programme, 2003; 

UN.ESCAP, 2012). 

Different Ty pe of Green Technology Products 

Green technology products are goods that incorporate environmental consciousness 

into their design and utilization. Green technology products are designed to minimize 

waste, decrease pollution, and lessen reliance on fossil fuels. Green technology 

goods encompass several categories such as energy generation products, eco-

friendly chemicals, sustainable or recyclable products, and technology powered by 

alternative energy sources. Solar panels and thermal heating discs are crucial green 

technology products that facilitate the generation of alternative energy and are 

widely utilized in daily life. Solar panels, suitable for installation on residential, 

multi-unit, and commercial structures, harness the renewable energy of the sun to 

recharge solar batteries, which can be utilized as an alternative to conventional, 

unsustainable energy sources such as gas. Thermal heating discs, utilized in 

swimming pools, absorb solar radiation and emit it throughout the pool's surface, 

offering an alternate method of heating that avoids the need for fossil fuels. Green 

chemicals play a crucial role in several green technology products. These products 

strive to replicate the effects of harmful and polluting substances, while minimizing 

the chances of poisoning and environmental damage. 

Green technology products that are sustainable and recyclable contribute to the 

extension of the life cycle of consumer materials. These products may consist of 

mobile phones manufactured from plastic water bottles, appliances reconstructed 

from scrap metal, and even computers that can be recycled. Consumers seeking 

environmentally friendly technology items made from sustainable and recyclable 



 

 

32 

components might consider inquiring about specific models that incorporate 

recycled materials. Solar-powered charging devices for phones, laptops, and portable 

goods are highly sought-after green technology products. Green technology may 

mitigate fossil fuel consumption and enable customers to lower energy costs by 

transitioning common products to alternative energy sources (Soni, 2015). 

Table 2.1 Sectors of Green Technology (UN.ESCAP, 2012) 

Agriculture  Organic agriculture 

Energy  
Renewable energy technology 

Efficiency technology 

Water and waste 

management 

Recycling technology 

Sewage treatment and solid waste 

management 

Water purification 

Building 
Sustainable building material 

Building performance technology 

Transportation  
Rail transport 

Electric vehicle 

 

Applications of Green Technology In Our Daily Lives 

Solar Array:  The solar cell is among the most well-known examples of green 

technology. Photovoltaics is the technique by which a solar cell directly transforms 

the light into electrical energy. Harnessing solar energy for electricity production 

results in less reliance on fossil fuels, leading to a reduction in both pollution and 

greenhouse gas emissions. 

Reusable Water Bottle: Another basic design that might be seen as green is the 

reusable water bottle. Consuming plenty of water is beneficial for one's health. 

Minimizing garbage made of plastic is highly beneficial for the environment. 
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Therefore, fashionable reusable water bottles that can be refilled by oneself are 

beneficial for one's health, environmentally friendly, and sustainable. 

Solar Water Heater: Installing a solar water heater is an effective method to reduce 

energy expenses with a relatively cheap initial investment. The payback period for 

the installation expenses of a solar water heater is significantly shorter compared to 

the expenditures associated with photovoltaic technology for electricity generation. 

This is due to the enhanced effectiveness of solar water heating systems, together 

with their lower cost in comparison to the substantial solar array needed to power a 

residence. 

Wind Generator: The expenses associated with a residential wind turbine exhibit 

significant variation. Some people have constructed their own wind turbines using 

readily available components obtained from nearby hardware stores. Some 

individuals have acquired kits or hired professionals to enhance the electricity they 

get from their local power infrastructure. The power generation capacity of a 

residential wind turbine fluctuates in a similar manner to the original cost. Most kit-

based generators will generate sufficient electricity to offset just 10-15% of your 

total household energy expenses. 

Rainwater Harvesting System: Rain collector systems are basic mechanical 

systems that link to a gutter system or another network for collecting water from 

rooftops. They store rainwater in a barrel or cistern for future use in activities that do 

not involve drinking, such as watering plants, flushing toilets, and irrigation. These 

systems are quite affordable. 

House Insulation: According to EPA estimates, around 10% of annual domestic 

energy use is attributed to energy waste caused by inadequate insulation. Sealing our 

home to prevent energy escape will provide a highly favorable return on investment. 

Building with Green Technology: Green buildings adopt a diverse range of 

ecologically conscious methods to minimize their ecological footprint. By utilizing 

reclaimed materials, implementing passive solar design, including natural 
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ventilation, and integrating green roofing technologies, designers can construct a 

structure with a significantly reduced carbon footprint compared to conventional 

construction methods. These methods not only have positive effects on the 

environment, but they may also create economically viable structures that promote 

the well-being of the residents. The primary advantage of constructing green 

buildings is minimizing the environmental footprint of the structure. Implementing 

green building approaches can help decrease the expenses linked to the construction 

and operation of a structure. Green ventilation solutions utilize open areas and 

natural circulation, hence minimizing reliance on conventional air conditioning and 

mitigating other associated issues. 

Green Chemistry: Green chemistry, also known as sustainable chemistry, is a 

scientific approach to chemical research and engineering that promotes the creation 

of goods and processes with minimal utilization and production of harmful 

compounds. The United States approved the Pollution Prevention Act in 1990. This 

legislation facilitated the establishment of a unique and inventive approach to 

addressing pollution. Its objective is to preempt issues prior to their occurrence. 

Green chemistry is a scientific philosophy that encompasses several branches of 

chemistry, including organic chemistry, inorganic chemistry, biochemistry, 

analytical chemistry, and physical chemistry. Although green chemistry appears to 

primarily emphasize industrial applications, it is applicable to any option in the field 

of chemistry. Click chemistry is frequently mentioned as a method of chemical 

synthesis that aligns with the principles of green chemistry. 

Green Nanotechnology: Nanotechnology encompasses the deliberate manipulation 

of materials at the nanoscale, which is equivalent to one billionth of a meter. Certain 

scientists anticipate that the acquisition of expertise in this field is forthcoming and 

will revolutionize the whole manufacturing process worldwide. "Green 

nanotechnology" refers to the utilization of green chemistry and green engineering 

approaches in this particular area. 
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National Benefits for Energy Generation 

The power generating industry has the potential to experience remarkable 

advancements with the implementation of green technologies. Distributed generation 

technologies, such as solar PV, biogas production, and wind power, have 

demonstrated their ability to create additional job opportunities and effectively 

address energy needs in remote areas. In India, there are instances of individuals 

utilizing alternative green power production technologies to meet their personal 

energy requirements and even generate surplus energy that they may sell to the grid, 

resulting in substantial profits. In countries like Germany, individuals have the 

opportunity to sell the power produced by their household Photovoltaic panels to the 

national grid. In exceptional circumstances, they may even get payment from the 

utility instead of having to pay for electricity. By engaging in this activity, an 

individual not only benefits himself but also contributes to the nation's power 

generation, making them an asset rather than a burden to society. 

Benefits to the Rural Areas 

Communities in the places where green technology have been introduced have 

greatly benefited from them. The barefoot college in Rajasthan empowers villagers 

by providing them with training on eco-friendly technologies such as solar cookers, 

mud freezers, and sustainable agricultural techniques. The villagers have 

independently constructed their own water storage facilities and used rainwater 

collecting methods, therefore eliminating their reliance on external assistance. This 

has elevated the quality of life in the villages that are involved. 

Benefits to the Urban Areas 

Cities that have aggressively prioritized their environmental problems over the past 

decade are seeing significant enhancements in their environmental quality criteria. 

As an example, Delhi implemented a gradual implementation of public 

transportation fueled by Compressed Natural Gas (CNG). These steps were taken to 

enhance the air quality in Delhi, where the levels of hazardous gases were extremely 
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high, occasionally surpassing the normal standards by 5-12 times. Subsequently, 

Delhi has seen consistent increase in the air quality (Soni, 2015). 

Challenges to Green Technology Adoption 

Green technology generally tends to be more costly compared to the technology it 

intends to substitute. This is due to the fact that green technology takes into 

consideration the environmental expenses that are not accounted for in most 

traditional production processes. Additionally, as a relatively new field, the related 

expenses for development and training might make it even more expensive when 

compared to well-established technology. The advantages perceived also rely on 

additional criteria, like the presence of supporting infrastructure, the level of 

technological readiness, the competencies of human resources, and geographic 

aspects. Some obstacles may be institutional, such as the absence of a suitable 

regulatory framework, while others may be technological, financial, political, 

cultural, or legal aspects. From a company's standpoint, the obstacles to embracing 

green technology include excessive implementation expenses, insufficient 

knowledge, absence of viable alternative chemical or raw material inputs, 

uncertainty regarding performance effects, and an absence of human resources and 

expertise. Surmounting these obstacles is an intricate procedure. In order to promote 

green growth, it is necessary to identify and eliminate the obstacles that prevent the 

widespread use of clean technology in developing nations (Soni, 2015). 

The Strengths of Implementing Green Technology 

The strengths of implementing green technology include advantages such as 

increased strength and resilience, as highlighted by Luken & Van Rompaey (2008) 

and UN.ESCAP (2012): 

¶ Compliance with strict product standards in foreign markets: Manufacturers 

in developing countries often face the challenge of meeting stricter 

environmental regulations and product criteria in order to sell their goods to 

industrialized nations, whereas the reverse is not as common. Implementing 
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green technology may provide exporting enterprises with a competitive edge 

and increase their market share. 

¶ Reduction of production costs: Green technology can enhance production 

efficiency by lowering input costs, energy expenses, and operating and 

maintenance costs, thereby strengthening a company's competitive standing. 

¶ Enhanced environmental reputation: Implementing green technology can 

bolster a company's environmental image, which is increasingly important as 

competitors and consumers become more environmentally aware. 

¶ Preparedness for future environmental regulations: Companies that allocate 

resources towards green technology are more likely to possess the capability 

to comply with progressively stricter environmental rules and anticipated 

product criteria in the future. 

2.3 Green Energy to Provide Energy Efficiency 

The implementation of green smart energy management is an ideal approach to 

support sustainable development. By monitoring and controlling energy production 

facilities and consumption patterns, energy flow can be managed intelligently. For 

an energy management system to be truly efficient, communication between 

consumers, production centers, and electrical devices is essential. This enables 

consumption levels to be effectively aligned with available energy production. Smart 

energy management not only requires a reduction in consumer energy use but also 

the optimization of all energy sources, including renewables and power plants. 

Energy management must be continuously monitored to meet user-scheduled tasks. 

A "green smart energy management system" typically consists of a software module 

that executes energy management algorithms to optimize energy use, along with 

hardware modules that physically implement the management strategies determined 

by the software. The software module functions as an online, simulation-based 

management system, making decisions based on various assigned tasks. It also has 

the capability to manage energy resources to achieve optimal system performance 
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and efficiency. The hardware module physically implements the optimization 

decisions made by the software. To provide optimal solutions, the software module 

requires access to user load data, environmental constraints such as energy costs, 

maximum available green energy (e.g., solar power), grid power limits, execution 

sequences, and other relevant information (Tomar & Kaur, 2019). 

The nature and timing of power usage in smart cities will significantly impact the 

reduction of carbon emissions. By 2030, conservative strategies in smart cities could 

lower annual CO2 emissions in the power sector by 5%, with potential reductions 

reaching up to 16% through the adoption of a wider array of technologies (Hledik, 

2009). In line with this, many countries worldwide are actively working to 

implement these advanced energy management technologies. Italy, a leader in this 

field, has already achieved full deployment, while the US and Canada currently have 

the highest ongoing deployment rates. In India, Gujarat stands out as the only state 

to have embraced the smart city concept, which requires a green energy management 

system (Tomar & Kaur, 2019). 

As illustrated in Figure 2.5, green energy management is crucial for managing and 

interacting with energy resources. 
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Figure 2.5. Smart Energy Management System (Tomar & Kaur, 2019) 

2.4 Renewable and Distributed Energies for Green Smart Cities 

Approximately 70% of the primary energy from fossil fuel is lost during the process 

of converting it into electricity (Lechner, 2015). 

 

Figure 2.6. Conversion of energy (Lechner, 2015) 
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Solar and wind energy represent the most effective and robust energy sources for 

smart cities when it comes to electricity generation. Smart cities will employ 

renewable energy sources such as solar geysers and water purifiers, leading to a more 

environmentally friendly technological progress, as depicted in Figure 2.7 (Tomar & 

Kaur, 2019). 

 

Figure 2.7. Renewable Energy for the Green Smart Energ Management System 

(Tomar & Kaur, 2019) 
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Advantages and Disadvantages of Renewable Energy Sources 

Table 2.2 Advantages and Disadvantages of Renewable Energy Sources (Sani et 

al., 2019) 

Source of energy Advantages  Disadvantages 

Hydraulic energy 

- It is non-polluting to the 

environment 

- Rapidly enter with a high 

need for substantial energy 

- Can be rapidly disabled in 

certain circumstances 

- The investment may be 

utilized for energy 

generation, as well as for 

irrigation and flood control 

purposes. 

- The expenses associated 

with investing are substantial 

- The overall duration of the 

construction process is time-

consuming 

- Water supply is reliant on 

rainfall levels 

- Dams alter the ecological 

dynamics of the lands in their 

vicinity 

- Inundation of residential 

areas and historical sites is a 

potential risk. 

Geothermal energy 

- Eco-friendly 

- Water heating and 

evaporation during power 

generation do not require 

fossil fuels 

- It is a natural resource and 

not reliant on foreign 

resources 

- The efficiency is 

exceptionally high 

- The cost is inexpensive 

due to its direct availability. 

- Contains harmful chemical 

substances 

- Requires re-injection 

- Consumed parts cannot be 

replenished quickly or in the 

same quantity 

- Geothermal sources often 

release fluid that contains 

caustic and harmful materials 

- The expenses associated 

with initial study and 

preparation are substantial 

- Ample available area is 

necessary for drilling and 

mechanical operations 

- Energy transmission may 

lack efficiency 

- The system needs to be 

located near residential areas. 

Wind energy 

- A stable, dependable, and 

consistent energy source 

- Not reliant on external 

resources 

- The cost per unit of energy 

produced is decreasing due 

- Turbines necessitate 

expansive spaces 

- They are visually 

unappealing and aesthetically 

disruptive 
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to advancements in 

technology 

- A renewable energy 

source that generates 

minimal pollution and has 

little environmental impact 

- Wind energy can be 

harnessed in 95% of the 

Earth's surface. 

Simultaneously, further 

initiatives might be pursued 

in these areas. 

- They must be situated far 

from residential areas and 

vulnerable rural communities 

- Urban centers and valleys 

do not yield optimal 

efficiency 

- There are potential safety 

concerns related to turbine 

collapse or component 

failure. 

Solar energy 

- It is a renewable energy 

source 

- Utilizes natural materials 

- It is cost-effective 

- It is not reliant on foreign 

resources 

- Environmentally friendly 

energy source. 

- The level of efficiency is 

poor 

- There may be variations in 

productivity based on seasons 

and daily fluctuations 

- The initial expense is 

substantial 

- The price is exorbitant for 

customers 

- Storage may be necessary 

- The capacity decreases in 

shaded places. 

Biomass energy 

- The technology for 

production and conversion 

are widely recognized and 

understood 

- The level of light required 

is minimal 

- Capable of being stored 

- The method necessitates a 

temperature range of 5ï35 

ÁC 

- It holds significant 

socioeconomic value 

- The environmental impact 

is reduced. 

- Low cycle efficiency 

- Competes with agricultural 

land 

- High water content 

- Suitable only for large urban 

areas. 

Tidal energy 

- The energy source is 

abundant and inexhaustible 

- Helps reduce reliance on 

fossil fuels 

- It is environmentally 

friendly 

- Systems need to be located 

near residential areas 

- They can be affected by 

adverse weather conditions 

- As a new technology, 

finding adequately trained 
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- It creates employment 

opportunities 

- Supplies electricity to off-

grid locations 

- Enables the use of 

technology for various 

marine-related tasks 

- Converts saltwater into 

freshwater and distributes it 

to needed areas 

- Brings natural resources 

from the seabed to the 

surface 

- Ensures coastal protection. 

technical staff can be 

challenging. 

 

2.5 Energy Efficient Cities and Smart City Applications 

ñSmart city solutions have to be energy-efficient, cost-efficient, reliable, 

 secure, and so on.ò (Ejaz et al., 2017) 

Innovative strategies and technologies employed by cities around the world to 

enhance energy efficiency and sustainability provide opportunities that will enable 

us to keep up with today's digital transformation. As urban areas continue to grow, 

the need for smarter, more efficient solutions becomes paramount. Smart city 

applications play a critical role in minimizing energy consumption, reducing carbon 

footprints, and improving the quality of urban life. These solutions enable both 

current and future generations to gain access to clean water and air, ample 

recreational green spaces, seamless transportation systems, and effective waste 

management. In response to the need for energy-efficient sustainable solutions in 

contemporary smart cities, several urban centers globally have shifted their 

development focus to exclusively incorporate sustainable buildings, roofs, materials, 

transportation, streets, lighting, terraces, and other related elements (Gurjit & Kaur, 

2020). Moreover, smart city applications rely on real-time input from citizens. This 

continuous feedback loop allows cities to adapt and optimize services based on the 

evolving needs and preferences of their residents. As a result, urban systems become 



 

 

44 

more efficient, responsive, and aligned with the goal of improving quality of life for 

citizens (Tomar & Kaur, 2019). These initiatives not only contribute to energy 

efficiency but also foster economic growth, enhance public health, and promote 

environmental stewardship. This section will examine leading examples of these 

smart city applications and their impact on creating more resilient, energy-efficient 

cities. 

Management of Green Space 

Definition: The strategic planning, development, and maintenance of urban green 

spaces, such as parks, gardens, and nature reserves. 

Usage: Green space management is crucial in urban environments to enhance 

biodiversity, improve air quality, and provide recreational areas for residents. 

Why: It promotes environmental sustainability, mental and physical well-being, and 

helps reduce urban heat islands, contributing to better energy efficiency and livability 

in cities (Anguluri, 2017; Addas, 2023). 

Examples: ñSingapore City, Singapore ï City in a Gardenò, ñCopenhagen, Denmark 

ï CopenHillò, ñBarcelona City, Spain ï Superblocksò, ñMelbourne, Australia ï 

Urban Forest Strategyò (Ababneh, 2023) 

Renewable Energy 

Definition: Energy derived from natural processes that are replenished constantly, 

such as sunlight, wind, and geothermal heat. 

Usage: Renewable energy technologies are integrated into urban infrastructure, such 

as solar panels on buildings or wind turbines in energy farms. 

Why: It reduces dependence on fossil fuels, lowers carbon emissions, and ensures a 

sustainable energy supply for future generations (Tomar & Kaur, 2019; Sani et al., 

2019; Kaya et al., 2021; UN.ESCAP, 2012). 

Examples: ñVauban, Freiburg ï PV Roofsò (Zeng, 2011) 
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Public Bicycle 

Definition: A shared transportation service that provides bicycles for public use, 

usually designed for short trips within the city. 

Usage: Public bike systems are typically integrated into urban mobility networks, 

allowing users to rent bikes at designated stations and return them after use. 

Why: These systems reduce traffic congestion, lower greenhouse gas emissions, and 

promote healthier lifestyles by providing an alternative to motorized transport 

(Tekouabou, 2021; T.C. ¢evre ve ķehircilik Bakanlēĵē, 2017). 

Examples: ñAmsterdam, Netherlands ï Solar Powered Bike Pathò (Sodemsen), 

Public Bicycle Rental Programme, Paris, France (UN-HABITAT, 2009) 

Smart HVAC (Heating, Ventilation, and Air Conditioning) System 

Definition: HVAC systems enhanced with smart technology to monitor and control 

heating, cooling, and air quality more efficiently. 

Usage: Smart HVAC systems use sensors and data analysis to optimize temperature 

control based on occupancy and environmental conditions. 

Why: They significantly reduce energy consumption in buildings by providing 

personalized climate control, minimizing waste, and improving overall energy 

efficiency (Zhuang, 2020). 

Examples: ñCopenhagen, Denmark ï District Heating Systemò (Bach et al., 2016) 

Solar City 

Definition: A city that prioritizes the use of solar energy in its infrastructure and 

energy planning, often through widespread adoption of solar panels. 

Usage: Solar cities deploy solar technology on rooftops, buildings, and public spaces 

to harness energy from the sun. 
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Why: Solar cities aim to reduce their carbon footprint, minimize energy costs, and 

increase energy independence by relying on a renewable and abundant energy source 

(Amado et al., 2016; Sarkheyli, 2011; Amado & Poggi, 2012; Gºksu, 1999). 

Examples: ñGreen Solar City Valby, Copenhagenò, ñGreen Solar City Salzburg, 

Austriaò (Pedersen et al., 2015) ñSolar Region Freiburgò (Fraker & Fraker, 2013) 

Pedestrianization 

Definition: The process of converting streets or areas within a city into car-free 

zones, encouraging walking as the primary mode of transport. 

Usage: Pedestrianized zones typically include sidewalks, plazas, and spaces 

designed for people rather than vehicles, improving accessibility and safety. 

Why: Pedestrianization reduces traffic-related emissions, promotes healthier 

lifestyles, and revitalizes urban areas by encouraging social interaction and economic 

activity (Soni & Soni, 2016; Brambilla & Longo, 1977). 

Examples: ñPedestrian Ordinance, Busan, Koreaò (UN-HABITAT, 2009) 

Zero-Carbon City 

Definition: A city that aims to achieve net-zero carbon emissions by reducing energy 

consumption and transitioning to renewable energy sources. 

Usage: Zero-carbon cities implement strict environmental policies, promote green 

infrastructure, and use carbon offsetting measures to neutralize emissions. 

Why: This concept is critical in combating climate change, improving air quality, 

and making urban environments more sustainable and resilient (Urrutia-Azcona, 

2019; Seto et al., 2021). 

Examples: ñZero-Carbon Masdarò (UN-HABITAT, 2009) 
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Compact City Planning 

Definition: A sustainable urban development model that promotes higher density 

living, mixed land use, and efficient transportation networks to minimize land use 

and energy consumption. 

Usage: Compact cities encourage walking, cycling, and public transport use, 

reducing the need for private car travel and urban sprawl. Restricting urban sprawl 

can prevent the need for expensive investments in new infrastructure in suburban 

regions. Moreover, due to economies of scale, utilities such as water and electricity 

can be generated and distributed more effectively in densely populated metropolitan 

regions. 

Why: It supports energy-efficient lifestyles, conserves land, reduces emissions, and 

enhances social cohesion by making services and amenities more accessible by 

making the streets well-connected and walkable. (Newton & Rogers, 2020; Newton 

et al., 2021; Bibri & Krogstie, 2020a; UN.ESCAP, 2012). 

Examples: ñAmsterdamò, ñHong Kongò, ñParisò (Bibri & Krogstie, 2020a), 

ñCompact City Planning, Essaouira, Moroccoò (UN-HABITAT, 2009) 

Smart Meters 

Definition: Advanced metering devices that provide real-time monitoring of energy 

usage in residential and commercial settings. 

Usage: Smart meters allow consumers and utility companies to track electricity, gas, 

or water usage more accurately and identify areas for improvement. 

Why: They promote energy conservation by providing users with real-time feedback 

on their consumption, encouraging behavioral changes to reduce waste (Zheng et al., 

2013; Ahuja & Khosla, 2019; Barai et al., 2015; UN.ESCAP, 2012). 
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Public Transport System 

Definition: A network of buses, trains, trams, and other mass transit options designed 

to move large numbers of people efficiently within urban areas. 

Usage: Public transport systems reduce the need for private car ownership by 

offering reliable, affordable, and accessible travel alternatives. 

Why: They are critical in reducing traffic congestion, lowering emissions, and 

ensuring equitable access to mobility for all citizens (Meneguette et al., 2018; 

UN.ESCAP, 2012). 

Examples: ñBus Rapid Transit System in Mexicoò (UN-HABITAT, 2009),  

Green Certified Buildings 

Definition: Buildings that meet specific environmental standards for energy 

efficiency, resource conservation, and indoor environmental quality, often certified 

through programs like LEED (Leadership in Energy and Environmental Design), 

BREEAM (The Building Research Establishment's Environmental Assessment 

Method) and DGNB (Deutsche Gesellschaft f¿r nachhaltiges Bauen). 

Usage: These buildings use sustainable construction materials, energy-efficient 

systems, and smart design to reduce their environmental impact. 

Why: Green certified buildings contribute to lower energy consumption, reduce 

carbon footprints, and provide healthier environments for occupants (UN.ESCAP, 

2012; Torcellini, 2006; Zeng, 2011; URL22). 

Examples: ñShanghai Towerò in Shanghai, ñBosco Verticaleò in Milan, ñOne 

Central Parkò in Sydney (The U.S. Green Building Council, 2015) 

Energy Efficient Street Lighting 

Definition: Street lighting systems that use energy-efficient technologies, such as 

LED bulbs or smart lighting controls, to reduce electricity usage. 
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Usage: These systems are often integrated with sensors to adjust lighting based on 

occupancy or time of day, ensuring optimal illumination while minimizing energy 

use. 

Why: Energy-efficient street lighting reduces municipal energy costs, decreases light 

pollution, and contributes to sustainability goals by lowering carbon emissions 

(M¿llner & Riener, 2011; USAID, 2010; Bachanek et al., 2021). 

Examples: ñManchester (United Kingdom)ò, ñCardiff (Walia)ò, ñLos Angeles 

(USA) - one of the first cities to use LEDs on a large scaleò, ñCopenhagen 

(Denmark)ò (Bachanek et al., 2021) 
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CHAPTER 3  

3 ENERGY EFFICIEN T CITIES  

Energy efficiency plays a fundamental role in shaping modern urban environments. 

As cities face increasing challenges related to rapid population growth, resource 

depletion, and climate change, energy-efficient solutions have become crucial to 

ensuring sustainable development. By optimizing energy use in areas such as 

transportation, infrastructure, open spaces and buildings, cities can significantly 

reduce their carbon emissions, lower operational costs, and enhance the quality of 

life for their residents. This chapter covers the history of energy efficiency, the 

planning approaches adopted to enhance energy efficiency, and global examples that 

demonstrate best practices. 

3.1 History of Energy Efficiency 

The history of energy efficiency dates back to the Industrial Revolution, when the 

first significant efforts were made to optimize energy use. During the 18th and 19th 

centuries, as industries expanded, the need to manage fuel consumption and improve 

mechanical efficiency became critical. James Watt's invention of the more efficient 

steam engine in the late 18th century marked a pivotal moment, as it drastically 

reduced the amount of fuel required to generate the same amount of energy, thus 

laying the foundation for energy efficiency in industrial processes (Stern & Kander, 

2012; Baracca, 2023). 

In the early 20th century, with the rise of electricity and internal combustion engines, 

energy efficiency gained further attention. Innovations in insulation, heating 

systems, and urban design began to reduce energy waste. However, it wasn't until 

the 1970s, in response to the global oil crisis, that energy efficiency became a 

widespread priority. Governments and industries initiated policies and technological 



 

 

52 

advancements aimed at reducing reliance on fossil fuels, such as improving vehicle 

fuel efficiency and introducing energy-saving appliances (Ayres, 2007). 

In the 21st century, energy efficiency has evolved into a central strategy for 

mitigating climate change. With the development of smart grids, renewable energy, 

and energy-efficient technologies in buildings and transportation, the focus on 

energy efficiency continues to expand, becoming a critical element in global 

sustainability efforts (MacKenzie, 2021; Newton & Rogers, 2020). 

Table 3.1 Energy and Prominent Areas of Use in Different Periods (Newton & 

Rogers, 2020; Newton et al., 2021) 

Economic waves 

Energy and infrastructure 

with technological 

innovations 

Transport and city 

form 

1780s to 1840s Industrial 

Revolution 

Water power and 

horsepower, canals and 

sailing-ship ports; roads for 

carriages linking cities 

Walking cities rapidly 

densifying from 

industry 

1840s "Hard Times" 

followed by Victorian 

prosperity 

Wood and steam power into 

train systems, steel 

Walking cities into 

rail-based linear urban 

development 

1890s Great Depression 

followed by Bele Epoque 

Electricity, chemicals, 

internal combusting engine, 

coal and electric tram and 

rain systems 

Tram and train-based 

corridors 

1930s Great Crash 

followed by Keynesian 

growth 

Petrochemicals, aviation, 

electronics, space, oil and 

freeways 

Automobile-based 

urban sprawl 

1980s Dot-Com 

recession followed by 

knowledge economy 

Digital networks, 

communications 

superhighway and ICT 

systems 

Revival of urban 

centres around 

knowledge economy 

2020s COVID Collapse 

followed by green 

economy 

Renewable energy, circular 

economy, smart city, 

electro-mobility, biophilic 

urbanism 

Re-localised centres, 

smart, distributed 

infrastructure, transit-

activated corridors fed 

by micro-mobility and 

active transport 
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Table 3.1 illustrates how each technological wave has influenced urban 

development, from the compact, walking cities of the early industrial era to the 

sprawling, car-based developments of the mid-20th century, and now towards more 

sustainable, localized, and connected smart cities in the present era. It reflects how 

technological innovations and energy infrastructure have not only shaped business 

models but also urban forms and transportation systems, with each phase responding 

to the socio-economic and environmental challenges of its time. This shift is 

particularly critical as cities today aim to address the pressing need for sustainability 

and resilience in the face of climate change (Newton & Rogers, 2020; Newton et al., 

2021). 

The Future for Energy and Development 

The intersection of the global energy crisis with the consequences of climate change 

highlights the potential advantages and difficulties faced by developing countries. 

Developing countries have to cope with the rising energy requirements of their 

economies, while also tackling energy poverty problems sometimes emphasized by 

significant income inequalities. Additionally, they must address both the actual and 

future consequences of climate change. Furthermore, there is a worldwide necessity 

to decrease carbon emissions in order to prevent climate change, in addition to these 

issues. In this setting, developing countries must pursue a distinct development 

pathway from that of developed ones. This development pathway is characterized by 

low energy use, minimal carbon emissions, and overall resource efficiency. (UN-

HABITAT, 2009). 

3.2 A Path for Energy-Efficient Cities 

The most effective strategy for cities to achieve sustainability and energy efficiency 

is minimizing their carbon footprint, emissions, reliance on fossil fuels, and 

promoting using renewable energy sources. It needs to include the diversity of 

energy sources, strengthen local and decentralized power supply, prioritize energy 
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efficiency, and provide customers with help and information. Furthermore, it should 

prioritize the effective utilization of resources as the foundation of economic 

progress, guaranteeing that individuals have enough access to energy services and 

knowledge on optimal energy consumption methods to decrease poverty. Efficient 

spatial planning and implementing accessible transportation systems using cleaner 

fuels are crucial for achieving energy efficiency in cities (Cohen, 2006; El-Sherif, 

2022). 

Unlike the prevailing methods of improving energy efficiency on the local scale, the 

energy-efficient city embodies a cellular model of a self-sufficient city. This model 

involves redesigning current urban areas and planning new urban expansions to 

minimize electricity consumption and encouraging the widespread adoption of solar 

energy and smart grids. The proposed urban planning rules seek to optimize 

outcomes in three key areas: reducing energy consumption, maximizing solar energy 

generation, and enhancing building energy efficiency.  

As cities become more important in the global economy, serving as hubs for both 

production and consumption, the rapid urban growth in developing countries is 

exceeding the ability of most cities and urban centers to meet the needs of their 

residents in terms of services (Cohen, 2006; UN-HABITAT, 2009). 

Although cities vary in terms of their energy demands and energy usage, they share 

many similarities. Cities rely on energy and land, which leads to the combustion of 

fossil fuels and the clearing of land. These activities significantly contribute to the 

accumulation of greenhouse gases in the atmosphere. In addition, they are very 

susceptible to energy constraints, increases in energy prices, and the adverse health 

effects caused by exceptionally bad air quality. Urban residents in developing nations 

often face severe energy poverty, which limits their access to transportation and 

urban commodities (El-Sherif, 2022). 

Although the energy transition challenges encountered by developed and developing 

urban centers are essentially identical ïto address the increasing demand for reliable 

energy sources, eliminate polluting and inefficient industries and power systems, and 
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avoid development strategies that burden citizens with high transportation expensesï 

urban centers in developing countries confront additional obstacles. These obstacles 

can encompass significant financial, governance, capability, and resource issues. 

However, the dynamic nature of development and the swift changes may present 

possibilities within these challenges (UN-HABITAT, 2009). 

Contemporary urban environments are complicated and diverse. It is vital to create 

comprehensive and unified energy strategies that will facilitate achieving city-wide 

energy solutions. This involves evaluating and coordinating the several parties 

involved in the implementation process. Therefore, it is crucial for policymakers to 

guide green energy management systems in reducing the impact of urbanization on 

the surrounding environment (Tomar & Kaur, 2019). 

The importance of efficient energy planning for cities 

The use, variety, and insufficient energy supply have extensive consequences for a 

city's economic progress, ecological well-being, and the impoverished population. 

The combustion of fossil fuels for energy generation is the primary factor responsible 

for the excessive presence of carbon in the atmosphere, leading to global warming. 

Implementing sustainable energy and climate action plans decreases citiesô 

susceptibility to energy scarcity and price increases. Additionally, it reduces traffic 

congestion and lowers energy expenses. Furthermore, it improves air quality and 

enables low-carbon economies to gain a competitive advantage on a global scale. 

When establishing a sustainable energy and climate action plan for cities in 

developing countries, it is crucial to prioritize usersô requirements. This entails 

prioritizing poorer families and small energy consumers (UN-HABITAT, 2009). 

Patterns of urban growth (e.g., sprawl vs infill) result from thousands of independent 

decisions about where to live, work, and shop based on attributes like crime rates, 

housing affordability, and school quality (Manville & Shoup, 2005; Marshall, 2008). 

These factors affect urban energy efficiency. Planning for energy efficiency at an 

early stage includes context-specific issues such as site selection, type of regional 

connections, transportation structure and type, the main street layout, as well as the 
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prevailing orientation of new developments. Energy-efficient urban planning offers 

opportunities to enhance the quality of urban life by providing spatial solutions 

designed for a healthy and comfortable built environment with minimum energy 

consumption (El-Sherif, 2022). Therefore, energy-efficient design and urban 

planning are the most cost-effective ways to reduce energy consumption of buildings 

(MED-ENEC, 2013; El-Sherif, 2022). 

Urban growth patterns, such as sprawl and infill, results from thousands of individual 

choices about where to work, live, and shop based on factors, such as crime rates, 

housing affordability, and school quality (Manville & Shoup, 2005; Marshall, 2008). 

These variables affect urban energy efficiency. Early-stage planning for energy 

efficiency includes site selection, regional linkages, transportation structure and 

type, main street layout, and the predominant orientation of future projects, all of 

which are context-specific considerations. Energy-efficient urban planning presents 

the chance to improve the urban life experience by developing spatial solutions that 

prioritize a healthy and comfortable built environment while minimizing energy 

usage (El-Sherif, 2022). In addition to improving the urban life experience, 

implementing energy-efficient design and urban planning is the most economically 

advantageous approach to decreasing buildingsô energy usage (MED-ENEC, 2013; 

El-Sherif, 2022). 

A sustainable energy-efficient path for cities requires energy action plans to 

strategically ensure the effective, efficient and sustainable use of energy resources. 

The objectives of sustainable energy action planning include maximizing energy 

efficiency, utilizing low- or zero-carbon energy sources, and ensuring that energy 

services are accessible, fair, and of high quality for users. Planning is conducted by 

considering the wider implications for the entire economy, environment (with a 

special emphasis on reducing carbon emissions), and society, rather than only 

focusing on minimizing financial expenses. Furthermore, it is driven by the need for 

energy services. The following are the fundamental attributes of sustainable energy 

and climate action planning: 
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¶ All forms of energy and activities linked to energy are seen as a unified 

system. 

¶ The reduction of carbon emissions is a crucial factor in the formulation of the 

plan and selection of project solutions. 

¶ Planning is based on the demand for energy services, rather than the available 

energy supply. 

¶ Prioritizing energy conservation, energy efficiency, and demand-side 

management over supply-side solutions. 

¶ Taking into account environmental and social costs. 

¶ Including the connection between the energy sector and the economy. 

¶ Ensuring flexibility in the plan to anticipate and adapt to changes (UN-

HABITA T, 2009). 

Principles of energy efficiency for urban planning 

Integrating energy efficiency principles into urban planning processes is essential for 

achieving sustainable development of cities, reducing environmental consequences, 

and achieving economic savings. These are the fundamental principles to take into 

account in this process: 

1. Utilize the current climate and site conditions to implement sustainable 

passive design concepts for heating and cooling methods, as well as energy-

efficient interior and outdoor comfort. 

2. Promote energy-efficient forms of transportation, such as (mass) public 

transit and non-motorized transportation (such as biking and walking). 

3. Encourage the implementation of methods that promote compact urban 

expansion and higher urban densities to ensure the economic viability of 

public amenities and transportation systems. 

4. Incorporate residential activities into mixed-use development and facilitate 

the efficient distribution of services within close proximity. 

5. Provide facilities for a shaded and pleasant outdoor setting and communal 

area. 
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6. Incorporate renewable energy solutions by integrating and adapting them into 

the planning and design process, to further reduce carbon emissions (El-

Sherif, 2022). 

Table 3.2 Energy Efficient Urban Planning Approach (Yēldērēm et al., 2017) 

Principles Strategies Methods 

Energy Conservation 

Minimizing the use of 

finite energy resources 

Energy use reduction 

Energy technologies 

integration with city, 

elimination of the lack of 

renewable energy 

systems 

Accounting for local 

climates throughout the 

process of building 

design 

Production and use of 

renewable energy 

sources 

The implementation of 

regulations for the 

development of 

renewable energy in 

settlements and their 

enforcement 

Establishment of 

measures and subsidies 

to encourage the use of 

renewable energy 

sources 

Configuration of spatial 

areas incorporating the 

exploitation of 

renewable energy 

sources 

Advancement of public 

consciousness and 

education on sustainable 

energy sources 

The establishment of 

regulations and 

fundamental concepts for 

ensuring compliance and 

taking proactive 

Legislating and 

enforcing climate change 

laws 

Regulations for 

enhancing energy 

efficiency and promoting 
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measures to address 

climate change 

savings to manage and 

reduce greenhouse gas 

emissions 

Creating and maintaining 

current climate maps for 

settlements 

Reduction of pollution 

Fair allocation, 

conservation, and 

improvement of green 

areas within 

neighborhoods 

Integration of preexisting 

outdoor and green areas 

with one another and 

with the pastures 

Optimal use of 

indigenous plant species 

adapted to the local 

climate 

Development of urban 

forestry 

Installation of green wall 

and green roof systems 

Land Conservation 

Preservation of the 

topographical 

characteristics of land 

Ensuring a harmonious 

relationship between 

land utilization and the 

topographical 

configuration 

Conservation of habitat 

Establishment of 

inverntory for natural 

resources, utilizing 

values as a base for 

spatial planning 

Conservation and 

expansion of agricultural 

land 

The formulation and 

design of energy-

efficient development 

form and structure for 

settlement plans 

Choosing the appropriate 

place for upper-scale 

decision-making based 

on climatic 

characteristics. 

Reducing the effects of 

the heat island 

phenomenon 
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Reducing issues related 

to land infrastructure and 

superstructure 

Water Conservation 
Enhancing the efficiency 

of water resource usage 

The use of systems that 

enable effective water 

use 

Implementing legal 

actions to optimize the 

use and management of 

water resources and 

ensure compliance with 

water management 

regulations 

Decrease in water usage 

Efficient and 

uncontaminated use of 

water resources 

Waste Reduction 

Development of waste 

management and 

recycling systems 

Advancements in 

municipal governance 

for waste management 

and recycling 

Enhancing government 

control in waste 

management 

On-site waste sorting and 

utilization of recycling 

technologies 

Acessibility Ensuring 

Development of 

sustainable urban 

transportation 

regulations and programs 

that prioritize 

environmental 

conservation 

Promoting the adoption 

of public transportation 

via strategic 

transportation and land 

use planning 

Implementing tools and 

systems for 

transportation that 

consume less energy 

Reducing the number of 

privately owned vehicles 
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3.3 Energy Efficiency in Urban Design 

Energy is crucial for providing urban services, and its significance may be examined 

at various phases in the process of urban design (Bose, 2010). Since energy is a 

crucial component in contemporary society, it serves as a valuable resource for 

enhancing quality of life and fulfilling the needs of people. The demands of urban 

life and the desire for survival in a comfortable way necessitate a significant quantity 

of energy (Ragheb, 2022). 

The urban morphology encompasses factors such as density, urban pattern, and mass. 

The buildings within this morphology are characterized by their material, form, 

height, presence of green roofs, and treatments applied to the facade and envelope. 

The specific geometric configuration, compactness, and effects of urban shading can 

impact energy demand by 10 to 20% (Eicker & Schumacher, 2014). Furthermore, 

the land use includes a combination of other types of land use, such as mixed use, 

outdoor spaces, green areas, and the reuse of already developed property. The 

transportation system includes pedestrian circulation, public transit, private 

transportation, travel time, cycling, and parking facilities. Also, the infrastructure 

consists of a network of roads, sidewalks, and street lighting. The energy sector 

focuses on the development and utilization of renewable energy sources. Waste 

management focuses on reduction, reuse, recycling, and environmentally responsible 

disposal methods (Ragheb, 2022). 

The application of these concepts differs significantly across various built 

environments, influenced by distinct planning, social, and economic factors. The 

proposals for implementing these concepts include: designing and developing built 

environments with energy resilience in mind, enhancing outdoor spaces, optimizing 

land use, retrofitting existing buildings to improve energy efficiency, promoting 

walkability, adopting new energy-efficient technologies, preparing for climate 

change impacts, encouraging lifestyle changes, supporting the generation of clean 

and safe renewable energy, and ensuring that current urban planning and design 
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efforts strive for as comprehensive a planning approach as possible to address energy 

crises (Ragheb, 2022). 

Table 3.3 Policies in Urban Design and Planning that Enhance Energy Efficiency 

(UN.ESCAP, 2012) 

Policy Measures 
Supplementary 

Measures 

Promote urban 

compactness 

Encourage the development of 

vacant or underutilized land 

inside existing urban areas, as 

well as the redevelopment of 

contaminated or abandoned 

sites. 

Enhance the availability 

and utilization of public 

transportation 

Promote the reduction of 

private car usage 

Facilitate the advancement of 

vertical construction 
Enhance cellular growth 

Implement uniform density 

regulations throughout the 

whole city 

Enhance the capacity to 

walk 

Facilitate the growth and 

advancement of clusters 

Implement urban growth 

constraints to restrict the 

expansion of urban areas 

and prevent the spread of 

urban sprawl 

Cellular 

development 

Implement mixed-use zoning 

regulations 

Enhance the availability 

and utilization of public 

transportation 

Promote the reduction of 

private car usage 

Provide development permits: 

Enforce regulations on the 

location, dimensions, and 

purpose of constructions for 

new development, renovation, 

and commercial activities 

Facilitate the availability 

of social services such as 

high-quality education, 

recreational activities, and 

affordable housing 

Improvement of 

slums 

Promote the practice of 

sharing land 

Ensure the establishment 

of legally protected and 

stable ownership rights to 

land 

Facilitate the gradual and 

systematic improvement of 

infrastructure 

Establish collaborations 

with diverse stakeholders 
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Offer community-based 

mortgage options 

Integrating land 

use and 

transportation 

Create a comprehensive 

transportation and urban 

development strategy 
Implement demand-side 

management strategies 

such as congestion 

charges and parking 

management. 

Formulate strategies that 

prioritize and promote the 

development of public transit 

systems 

Encourage higher population 

concentration near a major 

transportation route 

Encourage the 

development and 

improvement of 

pedestrian-

friendly 

environments 

Encourage the development of 

roadways that prioritize 

pedestrians 

Enhance the availability 

and utilization of public 

transportation 

Promote the reduction of 

private car usage 

Advocate for the 

implementation of urban 

planning strategies that 

prioritize car-free 

development 

Promote compact urban 

development 

Conserve open and green 

spaces 

Oversee parking 

operations 

Restrict the number of parking 

places available in urban areas 

Enhance the availability 

of communal parking 

spaces 

Incorporate parking facilities 

with public transport systems 
Raise parking costs 

Incorporate parking into 

mixed-use developments 

Conserve and 

maintain green 

areas and open 

public spaces 

Enforce the implementation of 

environmentally-friendly 

zoning regulations 
Encourage pedestrian-

friendly communities 
Mandate the establishment of 

urban agriculture practices 

Compel the installation of 

green roofs 

Encourage social and 

economic activities 

focused on open and 

green places, particularly 

through the promotion of 

ecotourism 

Transform the existing natural 

resources into public facilities 

such as parks and lakes 
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3.4 Design Parameters of Energy-Efficient Cities 

ñUrban geometry and energy use are closely linked.ò (Amado et al., 2016) 

The design parameters were classified under four main categories at first: open 

space, building, transportation, and infrastructure. The parameters examined under 

these categories directly influence energy efficiency, either in terms of energy 

production or energy consumption. However, based on the findings from the 

literature review, it was determined that the parameters grouped under the 

infrastructure category differ significantly from those analyzed under the other three 

headings. 

The parameters within infrastructure encompass broader aspects that overlap with 

the topics already covered under transportation, building, and open spaceðsuch as 

green infrastructure, construction and transportation networks. Therefore, 

infrastructure-related parameters are more expansive and holistic, making it difficult 

to assess infrastructure in the same specific and targeted manner as the other 

categories. As a result, these parameters are outside the scope of this particular 

research, as they involve a wider range of systems beyond just energy efficiency. 

Thus, the design parameters relevant to energy efficiency have been analyzed under 

three primary categories: open space, building, and transportation. Each of these 

categories includes detailed parameters that directly contribute to the optimization 

of energy use and production in urban environments. This focused approach allows 

for a more comprehensive and detailed analysis of energy-efficient city design. 

 

 

 

 

 



 

 

65 

Table 3.4 Design Parameters of Energy-Efficient Cities 

Parameters References 

Open Space 

- Landscaping 

 

 

- Urban Pattern/Urban Form 

 

 

 

 

- Street (Site) 

Layout/Orientation 

 

 

 

- Density 

 

 

 

 

 

- Landuse Development 

 

Wiseman et al. (2020), Rao & Gupta (2020), 

Hoeven (1982), DOE Office of Energy 

Efficiency and Renewable Energy (1995) 

Zhao et al. (2017), Zeng (2011), Yin et al. (2018), 

Silva et al. (2017), Ewing & Cervero (2001), 

Sharifi (2019b), Newman & Kenworthy (1999), 

Okeil (2010), Wu et al. (2022), Chen (2011), 

Santamouris (2011), Olgyay (2015) 

Emmanuel (1995), Hachem et al. (2012), 

Jabareen (2006), Sharifi (2019b), Bahgat et al. 

(2019), DOE Office of Energy Efficiency and 

Renewable Energy (1995), Wiseman et al. 

(2020), Lechner (2015), Santamouris (2015) 

Knowles (1974), Zhu & Leibowicz (2020), Ko 

(2013), Silva et al. (2017), Zhao et al. (2017), 

UN.ESCAP (2012), Hachem et al. (2012), 

Jabareen (2006), Newman & Kenworthy (1989), 

Kanters & Wall (2014), Hachem, Athienitis & 

Fazio (2012), Gºksu (1999) 

Newman & Kenworthy (1989), Silva et al. 

(2017), Jabareen (2006), Ewing & Cervero 

(2010), Woo & Cho (2018), Zhu & Leibowicz 

(2020), Zhao et al. (2017), Almansoub et al. 

(2022) 
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Building 

- Density 

 

 

- Building Height 

 

 

 

- Roof Shape and Slope 

 

 

 

- Orientation 

 

 

 

 

- Spacing 

 

 

 

- Shading 

 

- Ventilation 

 

 

- Building Type, Form and 

Size 

 

 

 

Leibowicz (2020), Steemers (2003), 

UN.ESCAP (2012), Santamouris (2015), Ko 

(2013), Zeng (2011), Emmanuel (1995) 

Ko (2013), Zeng (2011), Hachem et al. (2012), 

DOE Office of Energy Efficiency and 

Renewable Energy (1995), Huang et al. (2024), 

Toja-Silva (2013), Silva et al. (2017) 

Huang et al. (2024), Zeng, (2011), Morsali et al. 

(2021), Zhao et al. (2023), Ameer et al. (2016), 

Mertens (2006), Hachem-Vermette (2020), 

Yasan (2011) 

Berkºz et al. (1995), Silva et al. (2017), Olgyay 

(2015), DOE Office of Energy Efficiency and 

Renewable Energy (1995), Demircan & 

G¿ltekin (2017), Morsali et al. (2021), Sharifi 

(2019b), Hachem et al. (2012), Zeng (2011) 

Bahgat et al. (2019), Berkºz et al. (1995), 

Olgyay (2015), Sharifi (2019b), Demircan & 

G¿ltekin (2017), Emmanuel (1995), Zeng 

(2011) 

Lechner (2015), Heidarzadeh et al. (2023), 

Leg®ny et al. (2014), Koca (2006) 

Berkºz et al. (1995), Seppἶnen (2008), 

Emmanuel (1995), Lechner (2015), Watson 

(1989), Santamouris et. al (2001) 

Hachem et al. (2012), Jabareen (2006), Y¿ceer 

(2015), Huang et al. (2024), Bahgat et al. 

(2019), Zeng (2011), Barssoum et al. (2020), 

Hachem-Vermette (2020), Tunalē (2012) 



 

 

67 

- Surface Area to Volume 

Ratio (SVR) 

Zeng (2011), Su (2008), Ko (2013), Song et al. 

(2020), Knowles (1974) 

Transportation  

- Road Density/Road Ratio 

 

 

- Road Network 

 

 

- Connectivity 

 

 

 

 

- Centrality 

 

Newman & Kenworthy (1999), Ewing & 

Cervero (2001), Shim et al. (2006), Wiseman et 

al. (2020) 

Sharifi (2019b), Silva et al. (2017), Ferreira et 

al. (2019), Luin et al. (2017), Coiret et al. 

(2020), Sun et al. (2024) 

Ewing & Cervero (2001), Marshall & Gong 

(2009), Crane (2000), Ewing & Cervero (2010), 

Cervero and Kockleman (1997), Silva et al. 

(2017), Sharifi (2019b), Wasatch Front 

Regional Council (2017) 

Sharifi (2019b), Ewing & Cervero (2010), Silva 

et al. (2017) 

 

3.4.1 Open Space 

The design and management of open spaces are essential for improving energy 

efficiency in urban settings. Key parameters include landscaping, urban pattern, 

street layout, density, and land use development directly affect energy use and 

conservation. Strategic landscaping may facilitate natural cooling, mitigate the urban 

heat island effect, and decrease energy use for air conditioning. A meticulously 

designed urban form and site orientation may enhance natural light and ventilation, 

hence reducing reliance on artificial lighting and mechanical ventilation. 

Developments with high densities encourage effective land use, and mixed land use 
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lessens dependency on transportation, which further saves energy. Ultimately, these 

parameters must be meticulously included to develop energy-efficient, sustainable 

urban environments. 

3.4.1.1 Landscaping 

The way landscapes are designed and maintained can significantly influence urban 

environments and their energy efficiency (Wiseman et al., 2020). Properly planned 

landscapes can help decrease energy usage, enhance sustainability, and improve city 

livability by offering shade, enabling natural cooling, managing water resources, 

supporting renewable energy, and reducing the urban heat island effect. With the 

ongoing rise in urbanization, the adoption of energy-efficient landscaping practices 

will be crucial for developing sustainable, low-energy cities (Rao & Gupta, 2020; 

Wiseman et al., 2020; Hoeven, 1982). 

Effective solutions using landscape planting components, including trees, shrubs, 

groundcovers, or vines in strategic places and appropriate numbers, can significantly 

reduce energy use (Rao & Gupta, 2020). Shading is one of the most impactful ways 

landscaping can boost energy efficiency. Strategically positioned trees and large 

plants surrounding buildings can obstruct direct sunlight, thus diminishing the heat 

influx into the structure. This leads to decreasing interior temperatures in the summer 

and lowers dependence on air conditioning tools. Studies show that the shade that 

trees produce can save cooling expenses in residential buildings by as much as 25% 

(Rao & Gupta, 2020; Wiseman et al., 2020). The placement of trees must account 

for the sun's angle, and deciduous trees (which shed leaves in winter) are particularly 

useful. In summer, their leaves offer shade, while in winter, the bare branches permit 

sunlight to warm the building, supporting passive heating (Hoeven, 1982). 

A plant's cooling impact extends beyond mere shadowing. Urban environments, 

especially those with significant amounts of concrete and asphalt, typically absorb 

heat, resulting in the urban heat island effect. By creating more green spaces, which 
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naturally cool the environment through evapotranspiration, landscaping can help 

mitigate this effect. This process involves both evaporation and the release of water 

vapor from plants, which cools the surrounding area. Green spaces like parks, 

gardens, and tree-lined streets can notably decrease urban temperatures, reducing the 

demand for mechanical cooling and contributing to energy savings (Wiseman et al., 

2020). 

Landscaping is also essential for water management, which indirectly affects energy 

efficiency. Urban areas often need substantial energy resources for the treatment and 

transportation of water. By integrating permeable surfaces like grass, soil, and 

gravel, landscaping helps absorb rainwater naturally, reducing the reliance on 

stormwater systems. Moreover, thoughtfully designed landscapes can incorporate 

features such as rain gardens, bioswales, and water-harvesting systems that collect 

and store rainwater for irrigation, lowering water demand and decreasing the energy 

needed for water pumping and treatment (Wiseman et al., 2020; Rao & Gupta, 2020). 

Landscaping can facilitate the integration of renewable energy systems within urban 

settings. For example, large open areas can be designed for solar panels or wind 

turbines, therefore producing renewable energy for adjacent structures. Furthermore, 

trees and vegetation can be strategically positioned to enhance the efficiency of 

renewable energy systems by offering natural wind barriers or diminishing glare on 

solar panels (Wiseman et al., 2020). 

Landscaping, especially through the implementation of green roofs, vertical gardens, 

and urban forests can help combat the urban heat island effect by decreasing heat 

absorption and promoting natural cooling. Unlike artificial surfaces, vegetation 

absorbs less heat, and through the process of evapotranspiration, it cools the 

surrounding air, ultimately reducing energy consumption for cooling in urban areas 

(Rao & Gupta, 2020). 
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Figure 3.1. The shading capacity of a tree is contingent upon the configuration of 

its canopy and the density of the shadow it produces (Hoeven, 1982) 

 

Figure 3.2. Plant Configuration for Energy Efficiency (Hoeven, 1982) 
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Table 3.5 Classification of Vegetation Based on Physical Traits and Functionality 

(Rao & Gupta, 2020; DOE Office of Energy Efficiency and Renewable Energy, 

1995) 

Name Physical characteristics Function/benefits 

Ground cover Usually reach a height of 

less than 0.5 m or stay at 

that height. Typically, they 

grow a height of 15ï30 cm. 

Groundcover is used to prevent 

erosion and drought, while also 

enhancing the visual appeal of a 

landscape by filling the spaces 

between larger plants and trees. 

Shrubs It is characterized as 

exceeding 0.5 m but not 

beyond 3 m in height. 

Utilized for aesthetic purposes, 

as well as for buffering and 

fencing on occasion. 

Vines/Climbers Vines are climbing and 

sprawling plants. 

They are utilized on manmade 

constructions such as trellises, 

pergolas, and balconies to shield 

the horizontal and vertical 

planes from the summer sun. 

Different vines can also be 

utilized for excellent erosion 

prevention. 

Vines may provide shade to 

walls during their initial growth 

season. A lattice or trellis 

adorned with climbing vines, or 

a planter box featuring trailing 

vines, provides shade around 

the home while allowing 
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cooling breezes to enter the 

shaded space. 

Trees Trees ranging from 3 to 6 

meters in height are 

classified as ñlittle treesò, 

those from 6 to 9 meters are 

categorized as ñmedium 

treesò, while ones above 9 

meters are designated as 

ñbig treesò. 

The persistence of tree shape 

and foliage serves several 

functions, including shade, wind 

protection, cooling, buffering, 

and enhancing aesthetic value. 

A mature tree canopy may 

lower air temperatures by 

around 5-10Á F in a landscape. 

Trees with lower crowns are 

best suited for the west side of 

buildings, where they can 

provide shade from the lower 

angles of the afternoon sun. In 

colder climates, trees should be 

avoided on the southern side of 

solar-heated homes, as the 

branches of deciduous trees 

may obstruct sunlight during the 

winter months. 

Deciduous Deciduous plants are those 

that entirely or substantially 

lose their leaves throughout 

the winter or dry season 

remaining bare for a 

duration, before new foliage 

grows during the next 

These trees provide shade in the 

summer and permit sunlight and 

warmth in the winter. Utilize 

deciduous trees to obstruct solar 

heat in the summer while 

permitting substantial sunlight 

throughout the winter. 
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growing season, usually in 

spring. 

Deciduous trees with tall, wide-

spreading canopies can be 

planted on the south side of 

your home to offer optimal roof 

shading during the summer 

months. 

Evergreen Evergreen plants maintain 

their leaves year-round. 

These plants all have unique 

leaves that can withstand 

extremes of temperature and/or 

moisture loss. Evergreens may 

persist in photosynthesis 

throughout winter or arid 

conditions. 

 

 

Figure 3.3. A trellis supporting a climbing vine can provide shade for a residence 

while facilitating air circulation (DOE Office of Energy Efficiency and Renewable 

Energy, 1995) 
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Some suggestions/tips about landscaping: 

¶ Consciously select and position plants to alter sunlight and wind patterns 

around the residence and outdoor activity zones for climate management and 

thermal comfort. 

¶ Reduce the maintenance requirements of plants, including trimming, 

irrigation, and fertilization, by choosing suitable species for the area. 

¶ Plant robust, large-maturing trees within 20 feet of the east and west sides of 

your home to provide shade. 

¶ Ensure your air-conditioning unit is shaded for optimal efficiency throughout 

summer, while also keeping it clear of plant debris and unobstructed for air 

circulation. 

¶ Avoid growing evergreen or low-branching trees on the southern side of your 

residence to ensure that sunlight can access the windows and walls during 

winter, facilitating passive solar heating. 

¶ Establish thick evergreen flora in northern windbreaks to obstruct frigid 

winter winds (Wiseman et al., 2020). 

¶ Trees, bushes, and ground cover plants can provide shade to the ground and 

pavement surrounding the residence. This diminishes heat radiation and 

cools the air prior to its contact with your home's walls and windows. Utilize 

a substantial bush or a row of bushes to provide shade for a patio or driveway. 

Establish a hedge to provide shade for a walkway. Construct a trellis for 

climbing vines to provide shade for a patio area. 

¶ A windbreak may diminish wind velocity up to a distance of 30 times its 

height. For optimal protection, position your windbreak at a distance of two 

to five times the mature height of the trees from your residence. 

¶ Evaluate growth rate, strength, and brittleness while positioning trees 

adjacent to sidewalks or structures. 

¶ Appropriately chosen and positioned evergreen trees and bushes can shield 

the residence from winter winds and diminish heating expenses (Figure 3.4). 
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Figure 3.4. Properly Selected and Placed Evergreen Trees (DOE Office of 

Energy Efficiency and Renewable Energy, 1995) 

¶ To mitigate issues caused by south winds in winter, position evergreens at a 

sufficient distance to deflect winds without casting shade on the residence 

(Figure 3.5) (DOE Office of Energy Efficiency and Renewable Energy, 

1995). 

 

Figure 3.5. Evergreens that Lift Winds without Shading Effect (DOE Office of 

Energy Efficiency and Renewable Energy, 1995) 

3.4.1.2 Urban Pattern/Urban Form 

Urban pattern refers to how streets, buildings, open spaces, and infrastructure are 

arranged and organized within a city. Urban form comprises the physical attributes 

of these features, including building density, height, and the general spatial 

configuration of urban areas. Urban pattern/urban form play a crucial role in shaping 
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a city's energy efficiency by influencing transportation, building energy 

consumption, and the urban microclimate (Zhao et al., 2017). 

A correlation exists between the urban form of cities and the capacity for generating 

renewable energy. Renewable energy systems are an additional layer integrated into 

the urban form. First, the energy output from these systems depends on the installed 

capacity, which is influenced by the amount of space that buildings can offer for 

integrating these systems. Second, to optimize energy production, the urban layout 

must effectively harness renewable resources like sunlight and wind (Zeng, 2011). 

For wind energy, the essential strategy involves positioning turbines at elevated 

points and near the edge of windy open areas. Ideal locations could include 

waterfronts, "wind corridors," or the windward side of an urban development that 

faces the prevailing wind (Zeng, 2011). 

Urban forms characterized by inadequate green areas and an overabundance of 

impermeable surfaces intensify the urban heat island effect, resulting in raised energy 

requirements for cooling. On the other hand, features like green roofs, parks, and 

water elements help alleviate this effect by cooling the surrounding air through 

evapotranspiration, thereby lowering the need for air conditioning (Yin et al., 2018). 

Certain characteristics of urban form, such as density, travel patterns, and the 

presence of green spaces, not only influence energy consumption but are also 

associated with the UHI effect and building thermal comfort, contributing to energy 

conservation (Silva et al., 2017). 

In the realm of creating energy-efficient cities within the smart city framework, 

comprehending various urban formsðsuch as grid, organic, radial, and linearðis 

crucial. The grid urban form is defined by crossing streets at right angles, creating a 

regular pattern of blocks. This design enhances connectedness and accessibility, 

enabling efficient mobility around the city (Lynch, 1960). The grid structure 

enhances energy efficiency by improving land use, minimizing travel distances, and 

promoting walking and cycling. Grid-like street networks enhance pedestrian and 
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transit accessibility by providing direct routes and alternatives to high-traffic roads, 

while also enhancing vehicle access by dispersing traffic and providing multiple 

routes to destinations (Ewing & Cervero, 2001; Sharifi, 2019b). Also, Ewing & 

Cervero (2001) point out that grids with narrow streets, short blocks, and traffic-

calming measures are less conducive to long-distance car travel, whereas grids with 

wide, fast-moving roads and long blocks offer little benefit to pedestrians. 

Radial urban form comprises a central core from which streets and transit routes 

radiate outward, resembling the spokes of a wheel. This model centralizes 

commercial and social activities, which can lower energy usage by aggregating 

services and facilities. The radial form promotes effective public transportation 

systems converging in the center, potentially reducing dependence on private 

vehicles (Silva et al., 2017). 

Linear urban form is structured following a central axis, such as a transit corridor or 

a natural element like a river. This design fosters effective land use along the corridor 

and can save energy consumption by limiting the necessity for massive infrastructure 

networks extending in various directions. In smart cities, linear configurations 

facilitate the efficient deployment of technology along the corridor, including smart 

grids and high-speed transport systems, hence enhancing total energy efficiency 

(Newman & Kenworthy, 1999). 

The effective use of solar energy in an urban area can be enhanced by reducing the 

amount of sunlight hitting the ground and roofs, thereby increasing the solar energy 

absorbed by building facades. This can be achieved by minimizing mutual shading 

between buildings and ensuring they are oriented towards the sun. Designing an 

urban layout with a row of houses, each one apartment deep and facing the equator, 

can create a linear, energy-efficient form (Okeil, 2010). 

Organic urban form evolves spontaneously over time without a structured plan, 

leading to irregular street configurations that adapt to the landscape and social 

dynamics. While this form promotes community interaction and cultural identity, it 

can pose challenges for energy efficiency due to suboptimal infrastructure design 
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and longer travel distances. Consequently, irregular urban patterns can negatively 

affect energy efficiency (Wu et al., 2022; Chen, 2011). 

Some suggestions/tips about urban form (Santamouris, 2011; Olgyay, 2015; Sharifi, 

2019b): 

In hot and arid climates; 

¶ Creating a compact urban form by using narrow streets and tall buildings 

where buildings are built close to each other. (especially compatible with 

organic and grid urban forms) Buildings prevent overheating by shading each 

other, thus reducing the need for cooling energy. 

¶ When planning street orientations in grid urban forms, placing buildings on 

the east-west axis in East-West Oriented Streets. The north and south facades 

of buildings receive less sunlight, allowing interior spaces to remain cool. 

¶ Designing open spaces and corridors that will direct natural air currents into 

the city. This provides natural cooling by increasing air circulation. In linear 

urban forms, main streets and open spaces can be arranged according to wind 

directions. 

In hot and humid climates; 

¶ Designing wide streets and squares that do not obstruct air flow. (Can be 

applied in grid or radial forms) It provides distribution of humid air and 

increases thermal comfort. 

¶ Creating water features such as water channels, pools and fountains within 

the city and planning settlements along waterways in linear urban forms. It 

reduces environmental temperature through evaporation. 

In cold climates; 

¶ Placing buildings close and densely to reduce heat loss. It reduces the cooling 

effect of wind and reduces heating needs. 



 

 

79 

¶ Designing buildings and main living spaces to face south. It provides passive 

heating by taking advantage of maximum sunlight. For example, planning 

central areas in radial urban forms to benefit most from sunlight. 

¶ Using wind-blocking afforestation or building elements and using natural 

topography and vegetation as windbreakers in organic urban forms. 

3.4.1.3 Street (Site) Layout/Orientation 

Site orientation refers to the alignment of the line connecting the center of the 

building's front with the center of the rear space (Emmanuel, 1995). 

Units arranged in irregular or curved layouts tend to have higher heating and cooling 

demands compared to those in a straight road layout. Also, both attached and 

detached rectangular buildings experience greater heating loads in curved layouts. 

This increase in energy demand can be attributed to the mutual shading between 

units. Additionally, the higher cooling load in curved layouts is due to greater solar 

radiation entering through windows oriented toward the east or west during summer 

mornings and evenings (Hachem et al., 2012). 

Street canyons impact heating and cooling dynamics, as well as thermal and visual 

comfort (Jabareen, 2006). Deep street canyons aligned with the prevailing wind 

direction can improve thermal comfort in summer by increasing wind speed through 

the channeling effect. This higher wind speed at street level can also lower indoor 

cooling demand by dispersing heat and promoting convective heat transfer from 

building surfaces. In contrast, deep street canyons oriented perpendicular to the 

prevailing wind may hinder summer thermal comfort, as tall buildings block 

ventilation in these configurations. However, during winter, such street canyons can 

enhance pedestrian thermal comfort (Sharifi, 2019b). 

Widening streets can negatively affect walkability, as wide roads focused on vehicle 

traffic and lacking sufficient tree cover tend to see reduced pedestrian activity. 

Additionally, street width can impact both indoor and outdoor climate comfort. 
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Factors like street width and how much buildings shade each other and the street 

play a significant role in determining energy use in buildings, thermal comfort, and 

the urban heat island effect. Determining the ideal street width requires considering 

local conditions, as wider streets may not always be suitable in certain climates. In 

shallow street canyons, wider streets receive more global radiation, which can cause 

issues in seasonal climates where solar gain is minimal in winter but significant in 

summer, leading to indoor and outdoor overheating. For this reason, narrower streets 

are recommended in hot climates where cooling is the primary concern. However, in 

temperate climates with greater heating demands, wider streets, especially those 

facing east or north, are more beneficial as they allow for greater solar heat gain 

(Sharifi, 2019b). In hot, arid climates, increasing the Height/Width (H/W) ratio can 

lead to a moderate decrease in air temperature (Ta). Additionally, wide streets with 

an H/W ratio of less than 1 tend to create thermally uncomfortable conditions for 

both occupants and pedestrians (Bahgat et al., 2019). 

Solar Access and Daylighting: The alignment of streets influences the quantity of 

sunlight that penetrates building facades and interiors. Streets oriented to optimize 

sun exposure allow buildings to capture natural light and heat, therefore diminishing 

reliance on artificial lighting and heating. For instance, in the Northern Hemisphere, 

east-west oriented streets enable buildings on the southern side to receive optimal 

sunshine, hence improving passive solar heating in winter (DOE Office of Energy 

Efficiency and Renewable Energy, 1995; Wiseman et al., 2020; Lechner, 2015). 
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Figure 3.6. East-West Oriented Streets (Lechner, 2015) 

Thermal Comfort and Ventilation:  Aligning streets with prevailing wind 

directions can enhance natural ventilation, reducing the need for mechanical cooling 

systems and lowering energy consumption for air conditioning (Sharifi, 2019b). In 

contrast, streets that are not properly oriented may block airflow, leading to higher 

energy demands for heating or cooling. 

Urban Heat Island Effect: The orientation of streets affects shading and heat 

retention in cities. Well-oriented streets can help mitigate the urban heat island effect 

by providing more shade during hot periods and permitting sunlight to reach 

buildings during cooler times, reducing the need for energy-intensive cooling and 

heating (Santamouris, 2015). 

Optimizing Photovoltaic (PV) Systems: Street designs that provide buildings with 

maximum solar exposure increase the feasibility of rooftop solar PV systems. In the 

Northern Hemisphere, south-facing roofs receive more sunlight, boosting the 

efficiency and energy output of solar panels (Wiseman et al., 2020). 

Avoiding Shading Effects: Proper street alignment reduces shadowing between 

buildings, which is essential for optimizing solar energy production. Taller structures 

should be positioned to the north to avoid casting shadows on shorter, solar-
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integrated structures (Hachem et al., 2012; DOE Office of Energy Efficiency and 

Renewable Energy, 1995). 

Urban Wind Flow Optimization:  Aligning streets with prevailing wind patterns 

can improve wind flow, making small-scale urban wind turbines more viable. By 

channeling wind effectively, these orientations can increase wind speeds in certain 

areas, enhancing wind energy capture (Wiseman et al., 2020). 

Some suggestions/tips about Street (Site) Layout/ Orientation (Hachem et al., 2012; 

DOE Office of Energy Efficiency and Renewable Energy, 1995; Wiseman et al., 

2020; Sharifi, 2019b; Jabareen, 2006): 

¶ Align streets and structures to optimize roof surfaces appropriate for solar 

panel installation, often south-facing in the Northern Hemisphere. 

¶ Create open areas and street layouts that facilitate sufficient wind circulation. 

¶ Design street canyons with suitable width-to-height (W/H) ratios to regulate 

solar exposure and airflow. Narrow streets with higher buildings in hot 

climates offer shade, while wider streets with lower structures in cold 

climates permit more sunshine, both of which improve energy efficiency. 

¶ Orient streets to harness and direct prevailing winds, particularly in hot and 

humid environments. 

¶ When designing street layouts in colder climates, consider using windbreaks 

or orienting streets in a way that minimizes exposure to cold winds. 

¶ In the Northern Hemisphere, design streets to run east-west (west-east in the 

Southern Hemisphere) so that buildings can have south-facing facades for 

maximum sunlight. It improves passive solar heating, minimizing reliance on 

artificial heating in colder months and lowering energy use. 

¶ Ensure that the heights of buildings and the spacing between them mitigate 

excessive shadowing on neighboring structures. 



 

 

83 

3.4.1.4 Density 

Density, defined as the number of people residing within a given area of constructed 

structures, is a crucial factor in achieving energy efficiency. Urban areas with higher 

population densities and taller structures are recognized for their superior efficiency 

in terms of land utilization and the benefits that come with increased density. In 

densely populated metropolitan areas, individuals reside in close proximity to 

various amenities, resulting in reduced energy consumption required to reach these 

amenities. Knowles (1974) argues that high-density urban development can lead to 

the creation of more energy-efficient structures and communities. 

Energy efficiency is greatly influenced by density. High-density urban settings are 

often more energy-efficient due to the close proximity of buildings, which minimizes 

the surface area exposed to external temperatures and mitigates urban heat island 

effects. This decreases heat loss during winter and diminishes the necessity for air 

conditioning in summer. Additionally, reduced energy consumption for vehicular 

transport (Zhu & Leibowicz, 2020; Ko, 2013). The "macro" characteristics of the 

urban environment, including density and compactnessðtypically demonstrated by 

clustered building patterns and increasing heightsðare frequently linked to reduced 

heating requirements during winter (Silva et al., 2017). In densely populated urban 

areas, transportation systems exhibit more efficiency, and walking or cycling 

emerges as a more feasible alternative for inhabitants, hence diminishing energy 

expenditure associated with transportation (Zhu & Leibowicz, 2020; Zhao et al., 

2017; UN.ESCAP, 2012; Hachem et al., 2012; Jabareen, 2006). As urban density 

rises, car ownership tends to decrease, leading to a reduction in automobile travel, as 

reflected by lower gasoline consumption or fewer vehicle miles traveled (VMT) per 

capita (Jabareen, 2006). Based on research on the relationship between urban density 

and transportation energy, Newman and Kenworthy (1989) found that polycentric 

growth patterns and compact cities are advantageous for energy efficiency. 

Low-density urban sprawl, conversely, intensifies energy consumption due to the 

necessity for wide infrastructure, prolonged transit distances, and increased 
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dependence on private automobiles, resulting in increased energy use for heating, 

cooling, and mobility (Zhu & Leibowicz, 2020). 

Beyond its impact on transportation, density is also recognized as a factor 

influencing energy demand in buildings. High density or compact urban layouts can 

affect the urban heat island (UHI) effect, as large areas of impervious surfaces can 

raise local temperatures, increasing cooling demands. Dense and compact urban 

forms, such as infill development, are linked to higher urban temperatures. However, 

during the cold season, density helps reduce thermal losses to the outside 

environment due to the clustered nature of urban areas and less exposed surfaces, 

particularly in multifamily housing (Silva et al., 2017). While denser urban fabrics 

minimize heat loss, they also limit solar gains. Kanters and Wall (2014) suggest that 

density is the most significant factor affecting the solar potential of building blocks. 

Meanwhile, Hachem, Athienitis, and Fazio (2012) argue that higher densities, 

achieved through attached housing units, can lower heating and cooling loads by up 

to 30% and 50%, respectively, in comparison to detached housing configurations. 

The impact of density on energy consumption may be explained in two ways, as 

outlined by Gºksu (1999): 

1. When settlement density rises, buildings need to be more compact to 

minimize heat loss. 

2. More compact buildings enhance the use of solar energy. As density 

increases, the heating demand per unit area of the building decreases. 

Some suggestions/tips about Density (Ko, 2013; UN.ESCAP, 2012; Hachem et al., 

2012): 

¶ Promote high-density, compact, mixed-use developments that integrate 

residential, commercial, and recreational areas within close distances. 

¶ Facilitate the development of multi-story residential and commercial 

structures, which enable the use of centralized energy systems such as 

combined heat and power (CHP). 
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3.4.1.5 Landuse Development 

The pattern of land use has a critical role in determining energy consumption and 

urban design, which in turn allows for increased energy efficiency. Dense and 

compact urban design patterns, which incorporate mixed land use, result in 

significant energy savings. Newman and Kenworthy (1989) claim that a 

concentrated land use pattern leads to greater energy efficiency in cities (Newman & 

Kenworthy, 1989 cited in Peker, 1998). 

Diversity, which refers to the mix of various land uses and urban functions, is 

frequently highlighted as an urban characteristic that impacts energy demand. 

However, it's important to recognize that there may be some differences between the 

concepts of diversity and mixed land uses (Silva et al., 2017). Jabareen (2006) asserts 

that diversity encompasses a broader idea that fosters more favorable urban 

characteristics, pertaining not only variations in land uses but also to various building 

types, household sizes, and cultural urban settings. 

Diversity is said to reduce motorized transportation requirements (vehicle miles 

traveled [VMT]) by situating houses and urban activities in close proximity, hence 

minimizing travel distances (Silva et al., 2017). Furthermore, it fosters more dynamic 

and engaging urban settings and is favorably correlated with the usage of non-

motorized transportation, particularly walking (Ewing & Cervero, 2010 as cited in 

Silva et al., 2017). However, a deficiency in concentrated diversity may compel 

individuals to rely on cars for nearly all their requirements (Jacobs, 1967 as cited in 

Jabareen, 2006). 

Mixed-land use development or heterogeneous zoning, which integrates residential, 

commercial, and recreational areas within one place, is recognized as a crucial 

strategy for maintaining an energy-efficient, sustainable, and healthy environment. 

Mixed land use enhances energy efficiency by (Woo & Cho, 2018; Zhu & 

Leibowicz, 2020; Zhao et al., 2017; Jabareen, 2006): 
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¶ Minimizing the distance individuals must travel for work, shopping, and 

leisure activities, thereby diminishing dependence on energy intensive 

transportation methods such as private automobiles. 

¶ Promoting public transit, cycling, or walking, all of which utilize 

considerably less energy than private vehicle usage (Almansoub et al., 2022). 

¶ Enhancing building energy efficiency, as mixed-use developments allow for 

shared energy resources and infrastructure, such as heating, cooling, and 

electricity systems. 

In recent decades, urban planning has increasingly "unmixed" cities through strict 

zoning laws that segregate single land uses into separate areas on the city plan. This 

approach has led to less diversity in local neighborhoods, more traffic, reduced 

safety, and less appealing local streets. To create a sustainable urban form, cities 

should promote mixed land uses and move away from rigid zoning practices 

(Jabareen, 2006). 

Consequently, land use planning is essential in achieving these objectives. It is 

believed that a reduced physical separation of activities correlates with diminished 

travel requirements, which may be conveniently satisfied by walking, cycling, and 

sustainable transportation (Jabareen, 2006). 

Some suggestions/tips about Landuse Development (Jabareen, 2006; Silva et al., 

2017): 

¶ Incorporate residential, commercial, and recreational areas within the same 

vicinity or nearby. 

¶ Design land use to optimize building orientation for solar access and natural 

ventilation. 

¶ Include natural landscapes, parks, green roofs, and urban vegetation in land 

use planning. 
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¶ Strategically allocate land for the implementation of renewable energy 

infrastructures, including solar farms, wind turbines, and geothermal 

systems. 

¶ Organize land use to facilitate efficient transportation systems, encompassing 

public transport, pedestrian paths, and cycling networks. 

3.4.2 Building 

Through energy-efficient building design, the following principles are aimed at: 

¶ Increasing energy conservation and reducing unnecessary heat gains and 

losses, 

¶ Using passive and active air conditioning together, 

¶ Preventing atmospheric pollution, climate imbalances, and ecological 

degradation, 

¶ Using more efficient and environmentally friendly renewable energy sources 

instead of expensive and scarce fossil-based resources. 

The parameters that are effective in the energy-efficient building design process can 

be classified as the location of the building, building spacing, building orientation, 

building form, building envelope, shading, and natural ventilation system. Using 

these parameters makes it possible to design buildings as energy efficient through 

passive and active systems (Demircan & G¿ltekin, 2017). 

3.4.2.1 Density 

In high-density developments, buildings frequently share walls (party walls), which 

minimizes the amount of exposed surface area. It reduces heat loss during winter and 

heat gain during summer, hence decreasing the energy needed for heating and 

cooling (Leibowicz, 2020). Steemers (2003) emphasized that terrace houses and 

apartment buildings exhibit greater energy efficiency per unit area compared to 
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detached houses, owing to less surface area exposure. Additionally, higher building 

density supports more effective distribution of utilities  like electricity, water, and 

heating systems (UN.ESCAP, 2012). 

Higher building density can exacerbate the urban heat island (UHI) effect, 

resulting in urban settlements exhibiting greater temperatures compared to nearby 

rural areas (Santamouris, 2015). However, higher building density enhances the 

economic feasibility of district heating and cooling systems due to concentrated 

demand. Ultimately, it enhances energy efficiency by harnessing waste heat and 

facilitating combined heat and power (CHP) systems (Ko, 2013). 

The Floor Area Ratio (FAR) is an essential factor in urban planning and 

architectural design, denoting the proportion of a building's total floor space to the 

area of the land parcel it occupies. Floor Area Ratio (FAR) directly affects 

development density (Zeng, 2011; Emmanuel, 1995). 

3.4.2.2 Building Height 

As the height of a structure rises, the surface-area-to-volume ratio often diminishes, 

which may enhance thermal efficiency. Taller structures are more susceptible to 

wind and possess a greater facade area, potentially resulting in enhanced heat loss or 

gain contingent upon the climate. High-rise structures in cold climates may incur 

increased heat loss due to heightened exposure to low temperatures and wind, 

resulting in increased heating energy consumption (Ko, 2013; Zeng, 2011). 

High-rise structures decrease daylight availability and create shadows that "hinder" 

the ability of adjacent shorter buildings to receive sunlight for solar energy. This 

increase the lighting energy use in adjacent buildings. Clusters consisting of 

buildings of uniform height effectively address this issue, making them the favored 

choice in solar communities. To address this issue, strategically organizing buildings 

into clusters of varying heights is advisable. Facade design in high-rise buildings is 

also important. An effective approach might involve positioning the low-rise 
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buildings on the sunny side and the tall buildings on the shaded side to maximize 

solar exposure for the low-rise structures (Zeng, 2011; Hachem et al., 2012; DOE 

Office of Energy Efficiency and Renewable Energy, 1995). 

Taller buildings possess a reduced roof surface in relation to their overall floor area, 

hence constraining the potential for rooftop solar photovoltaic (PV) installations 

per inhabitant. Nevertheless, the facades of taller buildings have potential for 

building-integrated photovoltaics (BIPV) (Huang et al., 2024; Zeng, 2011). Also, for 

wind power, at higher elevations, wind speeds tend to be stronger and more stable, 

making them suitable for harnessing with building-mounted wind turbines (Toja-

Silva, 2013; Zeng, 2011). 

Buildings cannot maintain their volume by expanding their floor areas if they are 

unable to utilize natural light and other sources of externally provided energy. This 

elucidates the tendency for structures to ascend vertically rather than expand 

horizontally (Silva et al., 2017). Decreasing the number of low-rise structures and 

therefore increasing the quantity of high-rises is expected to enhance rooftop direct 

sunlight exposure by diminishing the reciprocal shadowing effect across buildings. 

This mechanism significantly prolongs the effective sunlight hours for photovoltaic 

panels, resulting in a corresponding enhancement in solar power generating output. 

Conversely, an increase in low-rise buildings would reduce shadows on individual 

structures but also could reduce overall direct sunlight exposure on rooftop solar 

systems due to the reduced building heights. The diminished solar exposure would 

significantly reduce the total efficiency of power generation, necessitating careful 

consideration of building heights for designing photovoltaic systems in urban 

settings (Huang et al., 2024). 

The examination of the effect of low-rise building cooling energy consumption 

reveals that a reduction in low-rise buildings leads to an increment in the cooling 

load. This increase is mostly because to less natural ventilation among densely 

situated high-rise structures and enhanced solar radiation exposure to the building 

facades, which exacerbates inside temperatures. Additionally, a cluster of higher 
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structures may increase the urban heat island effect, consequently placing additional 

stress on cooling systems. Increasing low-rise structures promotes improved 

ventilation and diminishes the direct exposure of wide building surfaces to intense 

solar radiation, so substantially lowering the corresponding energy requirements for 

cooling (Huang et al., 2024). 

Some suggestions/tips about Building Height (Ko, 2013; Zeng, 2011; Toja-Silva, 

2013): 

¶ The upper levels of taller buildings benefit from enhanced access to natural 

light, as there is less obstruction from nearby structures. Integrate large, 

energy-efficient windows on these upper floors, and utilize light shelves and 

reflective materials to enhance the penetration of sunshine into interior areas. 

¶ Taller buildings can leverage the stack effect, where rising warm air 

generates a pressure difference that promotes natural ventilation. Design 

atriums or ventilation shafts that promote vertical air circulation and 

incorporate moveable windows and vents at varying elevations to regulate 

airflow. 

¶ Install building-integrated photovoltaics (BIPV) on facades and rooftops. 

Also, install vertical axis wind turbines on roofs in areas with advantageous 

wind conditions. 

¶ The building envelope of a tall structure is subject to diverse environmental 

factors, such as wind and temperature fluctuations. Utilize double or triple-

glazed windows with low-emissivity coatings, and integrate thermal breaks 

in curtain wall systems to mitigate thermal bridging. Also, implement 

dynamic fa­ade systems that adapt shading according to solar exposure. 

¶ Install green roofs with plant species suited to the local climate, and use living 

walls or vertical gardens on facades. 
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3.4.2.3 Roof Shape and Slope 

The roof and facade of buildings serve as platforms for installing solar collectors and 

photovoltaic systems, and they further enable optimized energy systems through the 

use of customized urban layouts and morphological indicators (Huang et al., 2024). 

Buildings with more roof covering are more likely to have a more significant 

potential for generating renewable energy (Zeng, 2011). 

Roofs significantly influence the energy consumption of buildings that can lead to 

significant energy saving with air conditioning facilities or improved indoor thermal 

conditions in buildings without such facilities. They impact energy consumption and 

production by influencing thermal performance, daylighting, ventilation, and the 

feasibility of incorporating renewable energy systems like solar panels (Morsali et 

al., 2021). The primary role of any roof is to provide protection from external 

elements for individuals and their belongings. Roofs may also offer insulation, 

preserving heat during winter and cool air during summer. Certain types of roofs 

such as Cool roofs have been developed specifically to reduce the energy 

requirements of buildings. These types of roofs are made of materials with a coating 

that has high solar reflectance and thermal emissivity, which can reduce the effects 

of urban heat islands (UHI) and promote building energy efficiency. Unlike standard 

roofs, cool roofs maintain a reduced surface temperature, resulting in less energy 

transfer into buildings and so enhancing inside comfort. A novel strategy is green 

roofs, which use plants on the roof surface; This method has been utilized in recent 

decades to enhance energy efficiency and thermal comfort in buildings. Green roofs 

may shield buildings from solar radiation and regulate the temperature and humidity 

level of the inside of the building (Morsali et al., 2021; Zhao et al., 2023). Another 

roof form, curved and saw-tooth designsðcharacterized by a succession of ridges 

with dual slopes on each sideðcan facilitate wind flow and may be appropriate for 

the incorporation of small wind turbines (Ameer et al., 2016). According to Merterns' 

wind-form study, using a sharp-edged roof can result in a speed-up effect, leading to 

a 100% increase in energy production for wind turbines located at the same height 
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in urban areas. It should be noted that buildings with rounded edges have the 

potential to increase wind speed further. Mertens (2006) also states that wind 

turbines erected on sphere-shaped roofs can experience a maximum rise of 300%. 

Traditional double-sloped (gable) roofs typically have one shaded side and limited 

solar radiation exposure. To maximize solar energy efficiency, designers can 

implement either single-sloped or asymmetrical double-sloped roofs in new 

buildings. A single-sloped roof is inclined totally towards the sun at an appropriate 

angle, hence optimizing solar energy absorption. An asymmetrical double-sloped 

roof with a larger sun-facing slope collects more sunlight than a symmetrical double-

sloped roof. These techniques may also be utilized in the shading design of building 

facades (Zeng, 2011). 

In cold climates, steeply sloped roofs facilitate snow removal, averting excessive 

weight and possible structural harm. This lessens the possibility of snow 

accumulation acting as an insulating layer and lowering the capacity for passive solar 

heating. Gable and A-frame roofs are prevalent, facilitating attic spaces that may be 

insulated to minimize heat loss from the living areas underneath. By limiting heat 

loss and optimizing solar gain during the winter, well-designed roofs in cold areas 

lower the amount of energy used for heating. Furthermore, optimizing the roof 

surface oriented towards true south increases solar energy generation in the Northern 

Hemisphere (Morsali et al., 2021; Hachem-Vermette, 2020). 

In hot climates, flat roofs are prevalent, minimizing the surface area subjected to 

direct sunlight during peak solar angles. The integration of overhangs and shading 

structures mitigates solar heat gain. These designs reduce cooling energy use by 

diminishing heat absorption through the roof in summer months. Additionally, roofs 

equipped with vents, cupolas, or ridge vents provide natural ventilation, which is 

essential in hot and humid areas (Morsali et al., 2021; Hachem-Vermette, 2020). 

The roof's tilt angle substantially influences solar energy absorption, hence 

impacting the efficiency of solar photovoltaic (PV) panels and solar thermal 

collectors. In order to maximize annual solar gain, the ideal tilt angle is dependent 
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on latitude and is usually equal to the latitude angle. Fixed roof angles are incapable 

of adapting to seasonal fluctuations in the sun's direction. The year-round 

optimization of solar gain can be achieved in places with notable seasonal variations 

by implementing compromise angles or flexible mounting methods (Morsali et al., 

2021; Hachem-Vermette, 2020). A tilt angle ranging from 30Á to 50Á is often optimal 

for most mid-latitude regions, since it equilibrates solar energy absorption during 

both summer and winter months. A greater degree of tilt (e.g., 60Á) increases energy 

production in winter but diminishes it in summer, resulting in an approximate 7% 

reduction in annual energy generation at 60Á relative to 45Á. Consequently, the 

selection of the tilt angle is essential for maximizing energy efficiency all year round 

(Hachem-Vermette, 2020). 

Orientation refers to the angle between true south and the horizontal projection of a 

surface's normal. The orientation of the roof is also crucial. Roofs oriented towards 

the south are optimal for optimizing annual solar energy production. When this 

orientation is altered by 30Á to the east or west, energy output is reduced by around 

5%; when it is altered by 60Á, it can be reduced by up to 12%. The average monthly 

power generated demonstrates that during the summer months, orienting the BIPV 

system towards the west (oW) or east (oE) yields electricity generation that is 

comparable to, or marginally exceeds, that of the south orientation (Hachem-

Vermette, 2020). 

Different roof geometries influence the potential for energy generation. For instance, 

a gable roof with a 90Á side angle, which results in a gable roof, provides more 

surface area for solar panels, resulting in higher energy generation compared to a hip 

roof with a 45Á side angle. The research conducted by Hachem-Vermette indicates 

that energy production from a gable roof can exceed that of a hip roof by as much as 

40%. Moreover, novel structures such as folded plate roofs, with various tilt and 

orientation angles, can enhance solar energy collection by as much as 30% relative 

to conventional gable roofs.  As seen in Figure 3.7, alterations of the hip roof can be 

achieved by varying the side angle, or the angle formed by the hip plane and the 
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horizontal plane. This angle mostly influences the regions of south- and north-facing 

surfaces (Hachem-Vermette, 2020). 

 

Figure 3.7. The Representation of a Hip Roof together with Corresponding Tilt and 

Side Angles (Hachem-Vermette, 2020) 

The surface area of a hip roof may be adjusted using different design approaches 

(Hachem-Vermette, 2020): 

¶ A rectangular arrangement with a side angle of 45Á and a tilt angle of 30Á has 

a greater south-facing surface area compared to a tilt angle of 45Á. Thus, the 

annual power generated is greater with a 30Á tilt, despite a 45Á tilt angle 

permitting higher annual average radiation per unit area. 

¶ A greater side angle permits an expanded south-facing roof area. A gable roof 

with a side angle of 90Á is the ideal roof configuration. A hip roof with a 45Á 

side angle generates 40% less electricity than a corresponding gable roof. 
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¶ Split-surface roofs, dividing the south-facing roof area into many planes with 

varying tilt and orientation angles, have been demonstrated to enhance 

energy capture year-round. 

Consequently, diverse roof geometries, including gable, hip, or complex multi-

faceted designs, can either increase or obstruct solar energy efficiency. Multi-faceted 

or inclined roofs enhance the surface area for solar panels, hence improving energy 

production, particularly in regions with significant solar potential. Split-surface or 

folded plate roofs can be adjusted for various times of day or seasons based on their 

direction and slope (Hachem-Vermette, 2020). 

Rectangular Shapes: A crucial factor in designing a rectangular shape for enhanced 

solar potential on roofs and facades is aspect ratio (AR), which is the ratio of the 

south-facing facade (or north-facing in the southern hemisphere) to the perpendicular 

facade. Figure 3.8 illustrates that when the aspect ratio (AR) grows, the heating 

demand diminishes due to the expansion of the building's south-facing facade, which 

allows for more passive solar heat gain. As the AR rises, the demand for cooling 

escalates due to increased solar exposure throughout the summer months, hence 

amplifying cooling requirements (Hachem-Vermette, 2020). 

 

Figure 3.8. Aspect Ratio in Rectangular Shapes (Hachem-Vermette, 2020) 
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Some suggestions/tips about Roof Shape and Slope (Morsali et al., 2021; Hachem-

Vermette, 2020; Yasan, 2011): 

¶ In hot-humid climate regions, large windows with shading elements and 

elevated or sloping roofs to provide natural ventilation should be preferred. 

¶ In hot-dry climate regions, small-sized windows and flat roofs should be 

preferred to protect from the heat effects of the sun. 

¶ In temperate climates, large windows and insulated sloping roofs should be 

preferred to provide natural ventilation. 

¶ In cold climates, small windows and insulated sloping roofs should be 

preferred to reduce heat loss. Due to the possible high heat gain from the 

south in the winter season, the transparency/permeability/openness ratio of 

the south facade should be higher than other facades. 

 

Figure 3.9. Roof Shapes According to Different Climates 

¶ Solar radiation impacting non-convex forms (relative to south) is 

considerably influenced by the shading depth ratio (SDR), which is the ratio 

of shaded to shading facade lengths. In cold areas, a lower SDR is preferable 

to enhance heat absorption. 

¶ The quantity of shading facades significantly influences heating load. It 

diminishes heat gain owing to shade from several facades, in contrast to a 

singular facade as observed in an L-shape configuration. Consequently, it is 

recommended, particularly in residential building design, to minimize the 

quantity of shaded facades oriented towards the south and near-south. 
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Figure 3.10. Shading Facades of L-shape Configuration (Hachem-Vermette, 2020) 

¶ The angle between shading and shaded facades may be adjusted to regulate 

and influence self-shading through modifications of the basic geometry. 

¶ The envelope of non-convex structures often possesses a much higher surface 

area compared to that of a rectangular shape with the same plan area. The 

size of the envelope is directly related to an increase in heating demand. 

Utilizing ideal south-facing windows (as a proportion of the south facade) 

can mitigate this effect. 

¶ Integrate roof overhangs and other shading components to regulate solar heat 

gain. It obstructs high-angle summer sunlight while permitting low-angle 

winter sunlight for passive heating. 

¶ In areas with abundant sunshine, modifying the roof angle to align with the 

local latitude enhances solar panel efficiency. A typical guideline is that the 

slope should approximate the latitude of the site to maximize solar gain. A 

slope ranging from 30Á to 45Á is effective in mid-latitude regions. 

¶ Steeper roofs optimize solar energy absorption in winter when the sun is 

positioned lower in the sky, but gentler slopes enhance energy capture in 

summer. 

¶ Pitched roofs, such as gable, hip, or mansard, provide superior natural 

insulation and air movement, so benefiting in controlling inside temperatures 

and diminishing heating and cooling expenses. These roof designs can also 

support solar panels more efficiently. 
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¶ In colder areas, roofs with a south-facing incline enhance passive solar 

heating, hence diminishing the necessity for artificial heating. An angle of 

45Á for the roof is ideal for optimizing sunshine exposure throughout winter. 

¶ Flat or gently sloped roofs are optimal for the installation of green roofs, 

which offer natural insulation and assist in maintaining inside temperatures. 

Green roofs can decrease the energy needed for cooling during summer and 

heating in winter by functioning as a natural barrier. 

¶ Curved or multi-faceted roofs facilitate more effective wind movement 

around the structure, potentially decreasing heating energy requirements by 

reducing drafts. In regions with heavy winds, roof designs such as hip roofs 

exhibit greater energy efficiency owing to their aerodynamic characteristics. 

3.4.2.4 Orientation 

Building orientation is described as the alignment of a structure in relation to the 

cardinal directions (north, south, east, and west). This is a crucial factor that greatly 

influences energy efficiency. Buildings can function as solar radiation and wind 

barriers for each other (Berkºz et al., 1995). Building orientation affects how much 

solar radiation reaches each of its facades and, in turn, how much space heating and 

cooling is needed (Silva et al., 2017; Berkºz et al., 1995). Effective building 

orientation and the layout of the streets may enhance natural light, heat gain, and 

ventilation, hence decreasing energy use for heating, cooling, and lighting. 

Moreover, it affects the capacity for incorporating renewable energy technologies, 

such as solar panels (Olgyay, 2015). 

Orienting streets in an east-west direction and aligning the building's longest side to 

face south (in the northern hemisphere) optimize natural sunshine utilization, hence 

diminishing the need on artificial lighting and heating during winter. This 

configuration allows buildings to capture sunlight during colder seasons by admiting 

low-angle winter sun while mitigating excessive heat in the summer by rejecting 

overhead summer sun (DOE Office of Energy Efficiency and Renewable Energy, 
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1995; Demircan & G¿ltekin, 2017). Conversely, north-south oriented streets 

generally diminish the performance of passive solar heating and cooling systems, 

resulting in increased energy demand for interior comfort. Walls that face north and 

west should have fewer windows since these walls frequently confront the dominant 

winter winds. North-facing windows receive less direct sunlight. Also, north-facing 

windows offer uniform, diffused light suitable for areas needing consistent lighting 

without significant heat accumulation. However, windows that face east or west are 

exposed to direct sunlight, potentially resulting in glare and excessive heat (DOE 

Office of Energy Efficiency and Renewable Energy, 1995; Morsali et al., 2021). 

Research indicates that an East-West (E-W) orientation is advantageous in hot-arid, 

temperate, Mediterranean, and cold regions for minimizing building energy 

consumption. In such regions, the orientation of buildings along the east-west axis, 

contingent upon the aspect ratio, optimizes south-facing structures and enhances 

winter solar heat gain. Owing to the sun's location in the sky, summer solar heat gain 

is comparatively less in relation to other orientations (Sharifi, 2019b). Additionally, 

buildings should be oriented to decrease heat gain from low-angle morning and 

afternoon light in hot areas by reducing the area of east and west facing walls (DOE 

Office of Energy Efficiency and Renewable Energy, 1995). In the northern 

hemisphere, south-facing facades should be prioritized to optimize solar benefits 

throughout winter (Silva et al., 2017). East and west orientations accumulate 

significant solar gains throughout summer, whereas north-facing facades get the 

least, indicating increased heating requirements (Hachem et al., 2012). 

It is predicted that optimizing the orientation of a single building will not 

significantly lower annual energy expenses or consumption. Nevertheless, 

substantial savings can be realized for a whole community or urban region through 

the enhancement of building orientation. Moreover, street orientation has been 

reported to affect the Urban Heat Island Effect (UHI)  as it influences the shade 

and ventilation within the urban canyon (Silva et al., 2017). 
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Orienting structures perpendicular to dominant winds improves natural ventilation. 

It improves interior air quality and lowers energy consumption linked to mechanical 

ventilation and cooling systems (DOE Office of Energy Efficiency and Renewable 

Energy, 1995). 

 

Figure 3.11. The Orientation of Buildings and the Shade (Zeng, 2011) 

Some suggestions/tips about Building Orientation (DOE Office of Energy Efficiency 

and Renewable Energy, 1995; Morsali et al., 2021; Hachem et al., 2012): 

¶ Enlarge south-facing windows to maximize solar heat absorption during the 

shorter days of winter. 

¶ Align the building's longest facade in a north-south orientation to reduce 

exposure to the harsh eastern and western sunlight. It reduces cooling energy 

requirements by inhibiting excessive heat accumulation. 

¶ Install roofs with extensive surface area oriented towards the equator to 

enhance the efficiency of solar panels and collectors. 

¶ In cold regions, optimize south-facing windows and reduce gaps on the north 

side to improve passive solar heating. In hot areas, position structures to 

reduce direct sun exposure and enhance shade. In temperate areas, optimize 

sun gain and shading to accommodate seasonal fluctuations. 
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3.4.2.5 Spacing 

The spacing ratio is defined as the proportion between the distance separating 

neighboring buildings to the frontal length of a building. When this ratio increases, 

it reduces the capacity for shading on facades, which leads to a higher cooling 

demand (Bahgat et al., 2019). 

The distances between buildings should be determined in a way that they do not 

block each other's solar radiation gains and beneficial wind effects. As mentioned 

before, buildings act as wind and sun barriers for each other. The external design 

wind speed required to provide the desired internal wind speed varies depending on 

the building distances. As the building distances decrease, the external design wind 

speed decreases (Berkºz et al., 1995). 

Structures can protect each other against wind, hence minimizing heat loss in cold 

environments (Olgyay, 2015). Increased building spacing facilitates greater natural 

daylight infiltration into structures via windows and glass facades. Increased spacing 

enhances airflow and natural ventilation, advantageous in hot and humid conditions 

for passive cooling (Sharifi, 2019b). Nevertheless, reduced building spacing may 

lead to overshadowing, hence diminishing sunshine penetration (Olgyay, 2015). 

Buildings can act as solar radiation and wind barriers for each other depending on 

their distances, heights, and relative positions. Therefore, the benefit or protection 

from the heating effect of solar radiation is a function of the dimensions of the 

openings between buildings. The distances between buildings should be determined 

so that the buildings do not block each other's solar radiation gains and beneficial 

wind effects (Demircan & G¿ltekin, 2017). 

The interface that connects buildings and streets serves as a barrier against climatic 

conditions for the building and also promotes pedestrian movement between them 

(Emmanuel, 1995). 
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The spacing indicator is defined as the proportion of the vertical distance between 

the closest buildings in the north-south direction and the height of the building facing 

the sun, as shown in Figure 3.12. Proximity between buildings directly correlates 

with how much they are influenced by the shadow cast by neighboring structures 

(Zeng, 2011). 

 

Figure 3.12. The Spacing Indicator (Zeng, 2011) 

Increasing the distance between buildings reduces the amount of constructed space, 

decreasing the available roof surface for photovoltaic (PV) installations. 

Furthermore, the energy capacity of vertical facades is often lower than that of roofs, 

primarily because of the reduced intensity of solar radiation. 

However, the arrangement of spaces significantly influences the overall quality of 

life in cities. The access to sunshine for vertical windows is impacted considerably, 

and the availability of solar access within the units is crucial for the well-being of 

the tenants. Spacing is also correlated with the presence of outdoor areas, which are 

utilized by the public for either incorporating greenery and fostering a connection 

with nature, or as an environment for social interactions. Proper spacing is crucial in 

enhancing the quality of people's lives (Zeng, 2011). 

Determining the distance between buildings based on access to solar radiation is 

crucial for achieving energy efficiency. In addition to building heights, the effective 

use of solar radiation for passive heating or cooling is also influenced by the open 

spaces between structures. When solar radiation hits a surface, it creates a shaded 
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area, the size of which varies depending on the sunôs angle. To maximize direct solar 

radiation, the distance between buildings should be equal to or greater than the 

maximum depth of the shaded area. Figure 3.13 illustrates the depth of the shaded 

area of a building on a horizontal plane (Berkºz et al., 1995). 

 

Figure 3.13. Depth of Shaded Area of the Building in Horizontal Plane (Berkºz et 

al., 1995) 

To optimize direct solar radiation, the spacing between buildings should be equal to 

or greater than the maximum depth of the shaded area. The following factors 

influence the determination of this distance (Olgyay, 2015): 

The formula to calculate the depth of the shaded area (u) is (Olgyay, 2015): 

ό=cot(ɋ)ĬὌ 

Where: 

¶ ɋ is the profile angle 

¶ Ὄ is the building height 
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Some suggestions/tips about Spacing (Olgyay, 2015; Berkºz et al., 1995; Zeng, 

2011; Sharifi, 2019b): 

¶ Cluster structures to form protected areas. 

¶ Decrease building spacing in cold and windy areas to provide protection from 

the predominant winds. 

¶ Increase the distance between structures to enhance airflow and natural 

ventilation, hence fostering passive cooling in hot and humid regions. 

¶ Maintain enough space between structures to avert shadowing of rooftops 

and facades equipped with solar panels. 

¶ In cold and hot climates, the spacing between buildings should be between 1 

İ and 2 İ times the building height (H) in the North-South direction 

(Olgyay, 2015). 

¶ In temperate climates, this distance should range from 2 to 3 times the 

building height (H) in the North-South direction (Olgyay, 2015). 

¶ Guarantee adequate space to facilitate the penetration of low-angle winter 

sunlight, therefore warming the interiors of the structure. 

¶ Position structures to optimize sunlight exposure in colder months. 

3.4.2.6 Shading 

Shading affects energy efficiency by controlling the amount of solar radiation that 

enters a building. By reducing excessive solar heat gain during hot periods, shading 

devices like overhangs, louvers, or trees help keep indoor spaces cooler, decreasing 

the need for air conditioning and thus saving energy. In colder climates, shading can 

be designed to allow more sunlight during winter months for passive heating, 

reducing heating demands. Overall, effective shading improves energy efficiency by 

minimizing unwanted heat gain in the summer and heat loss in the winter, leading to 

reduced energy consumption for heating and cooling (Lechner, 2015; Heidarzadeh 

et al., 2023). 
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Figure 3.14 presents a theoretical building within an urban layout, illustrating the 

relationships between the Q, Qi, and Qh values and identifying the surfacesðsuch 

as roofs and building facadesðthat can harness solar radiation. The illustration 

shows the amount of solar irradiation, or solar energy (Q), received over the year, 

which may be measured at different times: the winter solstice, spring and autumn 

equinox, and summer solstice. This solar energy is incident on numerous objects, 

including inclined surfaces, and can be quantified as the solar irradiation on an 

inclined plane (Qi). The Qh value denotes the utmost amount of solar irradiation on 

a horizontal plane without obstructions. The irradiance value is influenced by the 

angle of incident solar radiation (h - sun altitude ɓ - angle of an inclined plane) and 

over-shading (Leg®ny et al., 2014). 
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Figure 3.14. Theoretical Model for Shading Effect (Leg®ny et al., 2014) 

During the summer, energy consumption increases significantly due to the demand 

for air conditioning. Shading is a crucial strategy in energy-efficient design to 

minimize heat absorption in the summer. Various shading components include 

permanent exterior shading devices, portable shading devices, reflecting roof and 

wall surfaces, and glass. Exterior shading surpasses interior shading and glass in 

terms of efficiency. Furthermore, it is essential to maximize the amount of glass on 

the south and north sides while minimizing the amount of glazing on the east and 

west sides in order to effectively control shade. Deciduous vegetation can also serve 

as an effective shade factor (Lechner, 2015). 
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Figure 3.15. Examples of Portable Shading Devices (Lechner, 2015) 

Shading devices, especially those installed externally, obstruct excessive solar 

radiation prior to its entry into the building, therefore substantially diminishing the 

thermal burden on interior areas. These results in diminished cooling requirements 

in hot areas, with research indicating that savings of up to 50% in cooling energy 

usage for specific shading equipment (Heidarzadeh et al., 2023). 

The Egg-crate shading, comprising vertical and horizontal louvers, proved to be the 

most efficient in minimizing both cooling and lighting energy requirements. It 

diminishes cooling loads by 14.86% and increases usable daylight by 20.04% 

(Heidarzadeh et al., 2023). 

The efficiency of shading is contingent upon the window-to-wall ratio (WWR). 

Structures with high Window-to-Wall Ratios (e.g., 70%) derive more advantages 

from enhanced shading systems, as expansive windows permit increased penetration 
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of light and heat. Reducing the Window-to-Wall Ratio (WWR) or integrating it with 

external shading considerably enhances energy efficiency (Heidarzadeh et al., 2023). 

 

Figure 3.16. Different Window-to-wall Ratios (Heidarzadeh et al., 2023) 

Some suggestions/tips about Shading (Heidarzadeh et al., 2023; Lechner, 2015; 

Leg®ny et al., 2014; Koca, 2006): 

¶ The minimum building area should be designed to be equal to or greater than 

the longest shadow depth cast by neighboring buildings, so that effective use 

of the sun can be made during peak energy consumption for heating and 

cooling. 

¶ Organize building elevations and placements to facilitate reciprocal shade in 

hot regions and optimize sun exposure in cold regions. 

¶ In hot regions, taller structures can cast shade on lower ones, hence 

decreasing cooling requirements. 

¶ In cold climates, refrain from situating tall structures to the south of shorter 

structures so as to prevent obstruction of winter sunlight. 

¶ Utilize exterior shading equipment such as overhangs and egg-crate systems 

to diminish cooling demands. 

¶ Improve shading geometry according to the building's orientation and 

window proportions. Utilize shade for south-facing windows to regulate 

summer heat gain and winter heat loss. 

¶ In hot regions, prefer horizontal louvers instead of vertical ones to obstruct 

more direct sunlight at peak heat intervals. 
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¶ Evaluate the shading depth and the distance from windows to optimize 

natural light entry while reducing solar heat gain. 

¶ Balance window-to-wall ratio (WWR) and shading strategies: an increased 

WWR need more advanced shading solutions to avert overheating while 

ensuring adequate lighting levels. 

3.4.2.7 Ventilation  

Ventilation is crucial for preserving optimal indoor air quality by effectively 

eliminating interior contaminants from a structure. Reducing ventilation rates 

conserves energy; yet, it simultaneously compromises indoor air quality (Seppἶnen, 

2008). 

Natural ventilation is the process of replacing used air with fresh air or outside air. 

Natural ventilation conditions in volumes are related to the characteristics of the 

natural ventilation system and external climatic conditions. 

Air currents occur due to atmospheric pressure differences. Temperature differences 

cause atmospheric pressure differences and density differences between air masses. 

The location of the pressure zones determines the direction of air currents, and the 

amount of pressure determines the speed. Vertical air currents are called drafts, and 

horizontal air currents are called winds. 

As a result of the winds exerting pressure on the shellôs outer surface, + and ï 

pressure zones occur around the shell. Under these conditions, air enters the volume 

through the openings on the windward side (+ pressure zone) and exits through the 

openings on the leeward side (- pressure zone). The openings in the + pressure zone 

are called ventilation inlet openings, and those in the - pressure zone are called 

ventilation outlet openings (Fig. 3.17) (Berkºz et al., 1995). 



 

 

110 

 

Figure 3.17. Ventilation Inlet and Outlet Openings (Berkºz et al., 1995) 

The components of the ventilation system include: 

¶ The locations of the ventilation inlet and outlet openings relative to each 

other, 

¶ The areas of the ventilation inlet and outlet openings, and 

¶ The direction of the facade on which they will be located depending on the 

dominance of the wind (Berkºz et al., 1995). 

Ventilation is crucial for maintaining thermal comfort. Establishing design criteria 

for ventilation is challenging due to the influence of micro-climatic elements, such 

as topography, which are very particular to each site. To achieve optimal results, 

rules promoting energy efficiency must be adaptable, allowing for trade-offs 

between factors like orientation and window size (Emmanuel, 1995). 

In the context of seaside developments, if the layout is perpendicular to the sea, with 

blocks arranged parallel to the coastline, the micro-climatic wind patterns from the 

sea may need to be fully utilized. 
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Ventilation methods can influence the efficiency of renewable energy systems. 

Integrating ventilation with solar chimneys improves natural ventilation and 

harnesses solar energy, hence indirectly decreasing energy use (Lechner, 2015). 

Various roof forms and slopes can influence the ventilation capacity of a structure. 

Flat roofs may not facilitate airflow as efficiently as inclined roofs, especially if they 

lack sufficient ventilation. Pitched roofs including vents at the ridge facilitate the 

efficient escape of hot air, establishing a natural chimney effect that enhances 

ventilation and lowers internal temperatures, so diminishing the need on mechanical 

cooling. In regions with hot summers, gable or hip roofs equipped with vents 

facilitate the influx of cold air into the structure while allowing the expulsion of hot 

air from elevated areas, hence enhancing passive cooling (Lechner, 2015). 

 

Figure 3.18. The pressure on the leeward side of a roof is consistently negative, but 

on the windward side it is contingent upon the roof's slope (Lechner, 2015). 

Appropriate building orientation and strategic window arrangement are essential 

for enhancing natural ventilation. Structures designed to harness predominant winds 

can considerably decrease cooling requirements. Windows positioned on opposing 

sides of the building facilitate cross-ventilation, generating airflow that inherently 
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cools the area. In hot regions, windows have to be oriented on the northern and 

southern facades to mitigate excessive heat accumulation from sunlight that hits on 

the eastern and western faces. This design minimizes heat penetration into the 

structure, facilitating natural cooling (Lechner, 2015). 

In many regions, the requirement for summer shade and winter sunlight necessitates 

a building orientation with the long axis aligned eastïwest, as seen in Figure 3.19, 

which depicts the optimal range of wind directions for this orientation. Even with 

east-west winds, solar orientation often takes precedence, as winds may be more 

readily redirected than sunlight (Figure 3.20). 

 

Figure 3.19. Suitable wind orientations for optimal summer shading and winter 

sunlight exposure (Lechner, 2015) 

Figure 3.20. Deflecting walls and plants can alter airflow direction to sustain 

optimal sun orientation (Lechner, 2015) 

The direction of the wind is crucial in assessing the performance of natural 

ventilation. Structures oriented towards current winds get improved natural 

ventilation. This diminishes the necessity for mechanical ventilation systems, 

particularly in temperate conditions. The strategic positioning of ventilation gaps on 
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both the windward and leeward sides of the building enhances airflow throughout 

the structure. 

The configuration of building openings and windows significantly impacts indoor 

thermal comfort. Watson (1989) outlines several design strategies to enhance natural 

ventilation and cooling at the building level: 

¶ Utilize an "open plan" interior design to facilitate the circulation of air 

¶ Incorporate vertical airshafts to facilitate the "thermal chimney" effect, which 

promotes upward airflow 

¶ Utilize double roof architecture to enhance ventilation within the building 

shell 

¶ Arrange door and window openings in a way that allows for easy airflow 

from the prevailing summer winds 

¶ Utilize wing walls, overhangs, and louvers to guide the flow of summer 

winds into the inside of the structure 

¶ Employ louvered wall openings to achieve optimal control over ventilation, 

and utilize roof monitors to facilitate "stack effect" ventilation. 

¶ Orient new seaside developments to the sea at a 45Á angle to optimize natural 

ventilation. 

¶ Position windows to facilitate airflow throughout the building, from one side 

to the opposite. 

¶ Use high and low openings, like windows and vents, to create a natural "stack 

effect," where warm air rises and exits through upper vents while cooler air 

enters through lower openings. 

¶ Integrate vents in roofs, such as ridge vents or operable skylights to facilitate 

effective escape of hot air, particularly in structures with elevated ceilings or 

attic areas. 

¶ Employ external shading devices like overhangs or louvers to block direct 

sunlight while facilitating air circulation into the structure, hence diminishing 

cooling requirements and enhancing ventilation (Lechner, 2015). 
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Figure 3.21. Ventilation Strategies by the Arrangement of Openings (Santamouris 

et. al, 2001) 

3.4.2.8 Building Type, Form and Size 

The form of a building significantly influences energy consumption, thermal 

performance, and solar energy absorption (Hachem et al., 2012). Also, the design of 

a building affects its heat gains, losses, and the thermal capacity of its exterior 

surfaces (Jabareen, 2006). 

 

Figure 3.22. Relationship between Building Forms and Surface Area (Y¿ceer, 

2015) 
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Building typologies, such as courtyards, point blocks, and slab arrangements, 

significantly influence energy use. Research demonstrates that courtyards, 

specifically, require reduced energy use in various climatic conditions. The minimal 

cooling needs correspond to summer days in the courtyard (Huang et al., 2024). 

 

Figure 3.23. Building Typologies 

Courtyards:  In hot humid and arid regions, square or nearly square courtyards may 

increase the proportion of shaded areas and reduce the demand for cooling energy. 

The increase of form elongation (approaching a square configuration) results in 

increased cooling energy demands. Among polygonal courtyards (pentagonal, 

hexagonal, heptagonal, and octagonal), the pentagonal courtyard yields the greatest 

shaded area during the day, whilst the heptagonal courtyard yields the least. Raising 

the height of the surrounding buildings can further decrease cooling demands, 

although this may lead to increased energy consumption for lighting (Bahgat et al., 

2019). 

Courtyard structures offer substantial advantages by enabling passive heating and 

cooling, especially in hot regions. They facilitate natural ventilation and shading, 

hence decreasing the demand for cooling throughout summer. Nevertheless, the 

configuration and size of the courtyard may limit daylight access, resulting in an 

increased dependency on artificial lighting. Research indicates that courtyard 

designs in densely populated urban areas contribute to lower interior temperatures 

by reducing direct sun radiation and enhancing airflow (Zeng, 2011). 

Regarding solar energy, urban development characterized by lower buildings and 

increased roof coverage have the greatest potential. The solar-optimized design is 
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generally flat and situated near the ground to facilitate the collection of solar energy 

through large building rooftops or similar structures. The low-rise perimeter block, 

or courtyard, encompassing all the aforementioned characteristics, may serve as a 

proposed renewable and sustainable prototype for photovoltaic integration in the 

future (Zeng, 2011). Simulations and quantitative research indicate that, at the same 

building density, the low-rise courtyard form stands out as the most renewable-

friendly neighborhood prototype (Zeng, 2011). 

Slabs: Slab structures, often defined by an elongated, thin design, provide enhanced 

solar energy collection on both the roof and facade surfaces. Nevertheless, the 

extensively exposed surfaces need adequate insulation to prevent heat loss or gain. 

Slab shapes are especially advantageous in areas that may utilize sun exposure; yet, 

they may encounter ventilation challenges if cross-ventilation is not adequately 

included. The east-west oriented slab structure with elongated facades oriented 

towards true south could demonstrate greater efficiency in solar integration. In slab 

neighborhoods, orientation significantly influences the energy potential of vertical 

facades. Slab neighborhoods must be oriented to the south, otherwise their potential 

diminishes considerably (Zeng, 2011). 

L-Shape: L-shaped structures provide versatility in design and enhance energy 

efficiency. Proper orientation and window arrangement may enhance natural 

ventilation, daylighting, and solar gain, while reducing energy use for heating and 

cooling. Nevertheless, meticulous attention is required to manage shading and 

prevent heat accumulation in the inner corners. L-shaped structures can 

advantageously include two primary facades, which may be aligned to enhance solar 

gain. In the northern hemisphere, one front may orient south to harness sunlight for 

passive heating during winter, while another facade may face east or west, providing 

enough sunshine access throughout the day. This design facilitates a balance between 

solar exposure and shading, hence diminishing heating and lighting energy 

requirements. The L-shaped configuration facilitates cross-ventilation, particularly 

when windows are judiciously positioned on the facades oriented towards the "legs" 

of the L. This design enables air circulation throughout the structure, diminishing the 
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need on mechanical ventilation, especially in temperate areas. The open corner 

formed by the L-shape can function as a wind funnel, enhancing airflow (Barssoum 

et al., 2020; Hachem-Vermette, 2020). 

Point Block: Point blocks typically have a high surface-to-volume ratio (S/V), 

indicating an increased outside surface area relative to internal volume. This 

increases the building's susceptibility to external circumstances, resulting in 

increased heating and cooling requirements. In colder regions, point blocks may have 

greater heat loss via exterior walls, whereas in warmer regions, they may absorb 

excessive heat from sunshine. Natural ventilation  may be constrained in point 

blocks, particularly in core sections, owing to their compact design and elevation. 

Mechanical ventilation systems are frequently essential for large structures. The 

strategic positioning of windows and balconies enhances cross-ventilation, 

especially on upper levels where wind velocities are high. Point blocks, based on 

their orientation and height, can generate extensive shadows on adjacent structures, 

thereby diminishing the overall solar energy capacity in densely populated urban 

areas. This shadowing may also impact the building if adjacent structures are very 

proximate. When planned appropriately with southern exposure and minimum 

restriction from adjacent structures, point blocks may efficiently deploy solar panels 

on their roofs and facades to capture renewable energy. Increased building height 

correlates with enhanced solar panel exposure to sunlight on the roof (Zeng, 2011). 

Some suggestions/tips for Building Type, Form and size (Zeng, 2011; Huang et al., 

2024; Tunalē, 2012): 

¶ In hot and humid climate regions, buildings should be designed in a long and 

narrow form, with individual buildings, and oriented in such a way that the 

long fa­ade is positioned to take advantage of the prevailing wind direction 

to benefit from natural ventilation. 

¶ In hot and dry climate regions, courtyard forms should be used to minimize 

heat gain and provide shaded and cool living spaces. 
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¶ In temperate climates, a windproof, compressed (compact) form should be 

preferred in the season when heating is required. 

¶ In cold climate regions, more compact and multi-layered forms should be 

preferred to minimize heat loss. 

 

Figure 3.24. Building Form According to Different Climates 

¶ Employ stepped or taped architectural forms to mitigate wind loads and 

minimize shadowing impacts. 

¶ Incorporate green infrastructure into courtyard, such as plants, to increase 

thermal comfort and improve insulation. 

¶ Align slab structures in a north-south orientation to optimize sun exposure 

for passive heating and cooling strategies. Furthermore, high-performance 

glass and shading equipment (such as louvers or overhangs) ought to be 

employed on the eastern and western sides to mitigate overheating in the 

summer. 

3.4.2.9 Surface Area to Volume Ratio (SVR) 

SVR is calculated by dividing the entire surface area of the building by its volume 

(Zeng, 2011). 

The surface area to volume ratio (S/V ratio) of a building is a critical factor that 

significantly influences heat transfer into or out of the structure. A structure with a 

low surface-to-volume ratio possesses a minimal external surface area relative to its 
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interior space, resulting in reduced heat loss to the environment. Consequently, it 

requires less energy for space heating, hot water, and other appliances, which can be 

influenced by indoor thermal conditions in winter (Su, 2008). The housing typeð

whether single-family detached or multifamilyðis inherently connected to this S/V 

ratio. Although multifamily units and single-family attached houses have shared 

interior walls, the walls and roof of a single-family detached house are entirely 

exterior and vulnerable to external temperatures. A single-family detached unit 

possesses a greater surface area and a higher surface-to-volume (S/V) ratio than a 

multifamily apartment for a certain building volume, resulting in increased heat loss 

or gain and consequently higher energy consumption (Ko, 2013). 

Photovoltaic panels are mostly installed on the roof or the sun-facing vertical walls 

of structures. Varying surface areas may possess distinct capacities for renewable 

energy generation. For instance, the roof is generally preferred over the vertical 

facade because it is less affected by shadows and allows for the installing 

photovoltaic panels at the best angle or including tracking systems (Zeng, 2011). The 

PV energy potential and the SVR have a positive linear association. According to 

Zeng (2011), a higher surface area to volume ratio results in a greater electrical 

output per unit of area. An increased SVR indicates a larger exterior surface area, 

potentially offering extra room for the installation of solar photovoltaic (PV) panels 

or solar thermal collectors on walls and roofs. 

In colder regions, structures with a high Surface-to-Volume Ratio (SVR) dissipate 

more heat to the external environment due to the increased surface area relative to 

their volume. This leads to increased energy use by heating systems to sustain 

comfortable interior temperatures. In hot regions, increased SVR can result in higher 

heat absorption, rising interior temperatures and heightening the demand for cooling 

energy. In contrast, a low SVR diminishes the surface area available for heat 

penetration, hence reducing cooling demands (Song et al., 2020). 

According to Knowles (1974), complex forms often have a greater surface-to-

volume ratio compared to larger and simpler structures. 
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Figure 3.25. Doubling the dimensions of a cube decreases its surface-to-volume 

ratio but one half (Knowles, 1974) 

 

Figure 3.26. The shape of the form has an effect on its S/V ratio. Simple shapes 

have lower S/V ratio (Knowles, 1974) 

Some suggestions/tips for Surface Area to Volume Ratio (SVR) (Knowles, 1974; 

Ko, 2013; Zeng, 2011): 

¶ Choose geometries such as cubes or spheres, which exhibit the minimal 

surface-to-volume ratio (SVR). These shapes reduce the exterior surface area 

for heat exchange. A diminished SVR indicates a reduced exterior surface 

area in relation to the building's volume, hence decreasing heat loss in cold 

regions and heat gain in temperate regions. 



 

 

121 

¶ Restrict window proportions in regions where thermal loss or gain is 

problematic, and use energy-efficient glass. 

3.4.3 Transportation  

Transportation systems are vital to shaping energy efficiency in urban areas, with 

parameters such as road density, road network design, connectivity, and centrality 

playing significant roles. A well-planned road network with efficient connectivity 

reduces travel distances and time, leading to lower fuel consumption and emissions. 

High road density can facilitate better access but may also contribute to congestion 

if not properly managed, increasing energy use. Strong centrality and connectivity 

in urban planning encourage public transportation and non-motorized transport 

modes, which are more energy-efficient than car-dependent systems. Therefore, 

optimizing these parameters is essential for promoting energy-efficient 

transportation solutions. 

Three primary factors influence energy efficiency in transportation. The first factor 

to consider is the level of demand or importance. Various factors depend on whether 

the transportation involves goods or passengers, such as urban settlement plans, road 

characteristics between work and residential areas, timely delivery of loads, and 

distribution management (including shortest road applications, etc.). The second 

primary determinant is the mode of transportation. The mode of transportation for 

passengers or cargo is an essential indicator of energy efficiency. The third primary 

determinant is the vehicle's attributes and the driver's utilization. The primary factors 

influencing the vehicle's characteristics are the car's model, energy efficiency and 

conservation capability, engine power, engine performance, and maintenance 

condition. It is essential to consider all of these factors when establishing energy 

efficiency techniques in transportation. Today's projections indicate a rise in energy 

consumption in the transportation sector in the upcoming years. One of the most 

crucial strategies for improving energy efficiency is to decrease the energy intensity 

relative to the projected energy consumption in the sector. In this sense, passenger 
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vehicles, trucks, and vans utilization for domestic transportation account for 50% of 

the oil consumption in OECD nations, with the demand for aviation fuel 

experiencing the most rapid growth (Kaya et al., 2021). 

One of the key assumptions underlying the forecast for reduced energy intensity in 

the transport sector is the anticipated introduction of new fuel and vehicle 

technologies to the market. The projection is highly supported by both the 

advancements in the efficiency of current technologies, particularly the combustion 

efficiency of engines, and the advancements in future fuel technologies (Kaya et al., 

2021). 

Another significant area of focus is electric vehicles. Though research on electric 

cars has been ongoing for many years, their adoption is steadily increasing in both 

civilian and defense sectors. While electricity currently plays a minor role in global 

transportation energy consumption, its significance in passenger rail transport 

remains substantial. By 2040, electricity is projected to make up 40% of the total 

energy consumed by passenger rail transport. In the indicated scenario, the 

proportion of electricity in the total energy consumption of light-duty vehicles is 

projected to rise to 1% by 2040. This is due to the rising sales of new plug-in electric 

vehicles, which contribute to the overall light-duty vehicle inventory. (U.S. Energy 

Information Administration, 2016; Kaya et al., 2021). 

The organization of urban activities directly impacts the energy consumption 

associated with transportation between them. The more diverse the activities at a 

specific location, the less transportation will be required. The solution consists of 

implementing a well-balanced combination of activities that will effectively decrease 

the amount of energy consumed in transportation. The objective is not to alleviate 

traffic congestion but rather to diminish it (Emmanuel, 1995). 
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3.4.3.1 Road Density/Road Ratio 

Road density and road ratio substantially affect energy efficiency by shaping 

mobility patterns, urban morphology, and microclimatic conditions. Enhancing 

connectivity, promoting sustainable transportation modes, and alleviating the urban 

heat island effect can optimize these parameters and improve energy efficiency. 

Conversely, high road density that fosters automobile reliance and neglects alternate 

transportation options might diminish energy efficiency (Newman & Kenworthy, 

1999; Ewing & Cervero, 2001). 

An important correlation exists between road ratio or road density and energy use. 

Generally, it has been observed that energy efficiency tends to increase with a higher 

road ratioðthat is, as the proportion of road area to urban area (kmĮ/kmĮ) rises, 

energy efficiency improves. Conversely, as road densityðdefined as the ratio of 

road length per urban area (km/kmĮ)ðincreases, energy consumption decreases 

(Shim et al., 2006). Therefore, increasing road density is more beneficial for reducing 

energy consumption than enhancing the road ratio. The strategy of enhancing road 

density through the building of new roads, notwithstanding their low widths, is more 

efficient in improving transportation energy efficiency than expanding existing roads 

to enhance the road ratio. This would reinforce the claim of New Urbanism that a 

fine street network and compact grid layout are more efficient than a traditional one 

(Shim et al., 2006). 

Increased road density can improve network connectivity and facilitate compact, 

mixed-use developments, enabling more direct routes and reduced travel distances. 

This can decrease fuel usage and related pollutants by reducing vehicle miles 

traveled (VMT). In contrast, high road density may promote vehicle reliance by 

enhancing the convenience and accessibility of driving, thus raising total energy 

consumption in transportation (Newman & Kenworthy, 1999; Ewing & Cervero, 

2001). 
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An increased road ratio, denoting the percentage of land area covered by roads, 

amplifies impervious surfaces, hence exacerbating the urban heat island effect. 

Increased temperatures in urban centers raise energy requirements for building 

cooling (Wiseman et al., 2020). 

Some suggestions/tips for Road Density/Road Ratio (Shim et al., 2006; Newman & 

Kenworthy, 1999; Ewing & Cervero, 2001): 

¶ Plan road networks with adequate density to provide connectivity while 

discouraging excessive automobile usage, thereby decreasing transportation 

energy consumption. 

¶ Dedicated road space to public transit, cycling, and pedestrian use to promote 

a transition from private automobiles to more energy-efficient transportation 

alternatives. 

¶ Refrain from constructing excessively wide roadways that promote speeding 

and increased automobile use. 

3.4.3.2 Road Network 

The design of road networks greatly affects energy efficiency in urban and suburban 

areas. The features of road networks significantly influence energy consumption 

patterns. They influence not just automobile energy consumption but also pedestrian 

engagement, transportation performance, and the overall energy dynamics of urban 

environments. The main objective of road networks is to provide access to urban 

services and amenities (Sharifi, 2019b). 

Sidewalks and parking also have a significant impact on urban environments. 

Parking availability in city centers should be diminishedðpotentially replaced with 

treesðto encourage more sustainable transportation modes. In fact, parking can be 

positioned in the urban periphery next to significant public transport hubs (e.g., park 

and ride stations). This arrangement might facilitate a transition to more sustainable 

transportation modes. Sidewalks must correspond to the width of the road, with 
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narrow and shaded streets often being more welcoming to pedestrian activity than 

broad boulevards (Silva et al., 2017). 

Road networks that are more directðwith fewer detours and junctionsðdecrease 

travel distances and minimize idling, hence reducing fuel consumption. Moreover, 

eco-routing methods guide cars along paths with reduced congestion and fewer stops, 

thereby optimizing energy consumption (Ferreira et al., 2019; Luin et al., 2017). 

Redundant road networks, with several alternative routes, provide better traffic flow 

and enhance vehicle movement, hence decreasing energy consumption during peak 

times or interruptions (Sharifi, 2019b). Road networks characterized by increased 

junction density have been shown to decrease total vehicle miles traveled (VKT), 

hence enhancing energy efficiency. An increased number of crossings provides cars 

with additional route alternatives, enabling them to adopt shorter, more efficient 

travels, hence decreasing fuel consumption. Excessively high junction density may 

result in increased stopping frequency and reduced speeds, thus undermining energy 

efficiency in some scenarios (Sharifi, 2019b). 

Road Grade: The grade (gradient) of a road is a measurement of its inclination or 

slope. More inclined roads need greater propulsive energy for automobiles to ascend, 

hence increasing fuel consumption. Conversely, on steep downhill roads, vehicles 

frequently require brakes to control speed, leading to energy losses from braking 

(Ferreira et al., 2019; Luin et al., 2017; Coiret et al., 2020). A study by Ferreira et al. 

(2019) found that a 6% road grade can increase fuel consumption by 20% compared 

to flat roads. This increase is mostly attributable to the additional effort required to 

ascend hills and the energy expended when braking downhill. 

Road Geometry: The horizontal and vertical alignments of the road, together with 

its curvature, significantly influence vehicle energy usage. Flat and straight roads 

facilitate smoother driving at uniform speeds, so reducing energy losses associated 

with braking and acceleration. Winding and hilly roads require frequent braking and 

acceleration, leading to increased fuel consumption (Ferreira et al., 2019; Luin et al., 

2017; Coiret et al., 2020). Ferreira et al. (2019) found that road curvature and sudden 
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curves need increased braking and re-acceleration, resulting in higher energy 

consumption. 

Travel Time & Speed: Travel time is affected by road length, suggesting that 

highways designed for greater speeds are often longer. Extended journey durations 

may result in increased energy usage, especially in crowded traffic scenarios. 

Prolonged vehicle operation on the road owing to delays, stops, or heavy traffic 

results in increased fuel consumption, hence adversely affecting energy efficiency. 

Balanced traffic allocationðwhere vehicular flow is disseminated more uniformly 

throughout the roadway systemðcan mitigate congestion and journey duration, 

thereby enhancing energy efficiency performance. Nevertheless, reduced design 

speeds may insufficiently satisfy traffic requirements, rendering a design speed of 

50 km/h a more advantageous choice. This speed increases traffic capacity while 

reducing the increased energy consumption noted on 60 km/h highways, in 

accordance with findings from previous studies. Air resistance and the requirement 

for more fuel to sustain speed cause higher speeds to require more energy to operate. 

Conversely, reduced speeds, especially in crowded or stop-and-go traffic, may result 

in wasteful fuel consumption. The ideal condition consists of sustaining a constant, 

moderate speed that enables vehicles to function well without unnecessary braking 

or acceleration (Sun et al., 2024). 

Some suggestions/tips for Road Network (Silva et al., 2017; Ferreira et al., 2019): 

¶ Strategically plan developments near transit hubs to promote public 

transportation usage over private automobiles. 

¶ Create extensive sidewalks, secure crossings, and pedestrian areas to promote 

walking. 

¶ Establish secure bicycle lanes and sufficient bicycle parking to encourage 

riding as a feasible transportation alternative. 

¶ Guarantee that pedestrian and bike routes remain uninterrupted and link 

significant locations. 
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¶ Focus development on regions with existing infrastructure in order to 

optimize the efficiency of road networks. 

¶ Minimize redundant curves and enhance the smoothness of transitions 

between various road segments to preserve vehicle momentum and energy 

decrease losses. 

¶ Establish road networks featuring gentler gradients and integrating gradual 

ascents whenever feasible. 

3.4.3.3 Connectivity 

Connectivity is significantly affected by the physical arrangement of the urban 

network and is a recognized urban characteristic that impacts travel behaviors (e.g., 

Ewing & Cervero, 2001). Topologically, it may be seen as the extent of 

communication between two points. The outcome is contingent upon the amount of 

intersections, the spatial configuration of the network edges, and the size of the 

blocks. Marshall & Gong (2009) analyze two fundamental network designs: tree and 

grid, highlighting that connectivity may be comprehended and manifested at various 

scales (macro and micro). At a macro level, it is widely acknowledged that increased 

connectivity lowers travel distances and may result in decreased energy use. This, 

however, is not the prevailing opinion. Crane (2000) claims that shorter journeys 

may result in increased trip frequency. At a microlevel, increased connectivity may 

promote walking and other non-motorized transportation modes, hence enhancing 

accessibility to urban activities through these means (Ewing & Cervero, 2010). 

Cervero and Kockleman (1997) assert that gridded networks can function at a lower 

level to enhance pedestrian mobility. Nevertheless, on a higher level, they correlate 

with increased levels of road traffic, as exemplified by superblocks (Silva et al., 

2017). 

Enhancing connectivity of pedestrian roads should be promoted, such as by 

decreasing block sizes. However, increased connectivity at a larger street scale 

should be approached cautiously, as it is often linked to motorized traffic. To 
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facilitate this differentiation, urban components like roads must be organized 

hierarchically. Enhanced levels of favorable accessibility can be achieved, 

contingent upon the mode of transportation, by improving proximity to public 

transport infrastructure or by relocating activities nearer to residents, particularly for 

pedestrians, as a result of the previously discussed density and diversity (Silva et al., 

2017; Sharifi, 2019b). 

The Cyclomatic number serves as an indicator of redundancy and the opportunity 

for different routes within a network's connectivity. Networks with higher 

Cyclomatic numbersðcommon in grid-like road networks, provide increased 

circuits and redundancies, hence sustaining energy-efficient traffic flow during 

interruptions. This contrasts with dendritic systems that lack redundancy and are 

more susceptible to bottlenecks, resulting in poor energy utilization (Sharifi, 2019b). 

In addition, street connectivity emerges as a measurable term. Street connection is a 

fundamental concept - establishing a network of public routes with intersections that 

provide effortless navigation. The fundamental features define the overarching 

characteristics of a network's connectedness. These are beneficial for comprehending 

a network's connectivity. The most fundamental feature of street connection is the 

extent to which streets interconnect at each intersection. This can be assessed by 

examining the ñworkò each intersection performs. For example, a six-point 

intersection handles significant traffic flow, distributing movement across six 

different streets. In contrast, a cul-de-sac, with only one connecting street, performs 

minimal work. The relative level of connection indicates the workload of each 

intersection; a greater workload corresponds to a higher level of connectivity. 

Nevertheless, the level of connection alone don't provide a complete picture. 

Consider two areas characterized by a grid urban form. They possess the same 

relative level of connection. However, the network of these areas may be different 

due to the length of the links between nodes, resulting noticeably different 

connectedness. This brings us to the second fundamental feature of street 

connectivity ð network density (Wasatch Front Regional Council, 2017). 
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The relative level of connectivity can be measured using the connectivity index, also 

referred to as the link-node ratio. The standards for this index were obtained from 

the American Planning Association report Planning for Street Connectivity: Getting 

From Here to There. This index represents the ratio of links within a specific area to 

the nodes in the same area, indicating how effectively intersections function. A well-

connected network is built on intersections that link multiple streets. The 

connectivity index measures this quality. To measure this index, it is necessary to 

get specific data points: links and nodes. Links are lengths of street between 

intersections or dead ends, while nodes are points where links converge. There are 

two types of nodes to detect and count: intersections and dead ends (cul-de-sacs are 

included as dead ends). To calculate the connectivity index, divide the number of 

links by the number of nodes, which includes both intersections and dead ends 

(Wasatch Front Regional Council, 2017). 

Network density is calculated by counting the number of intersections per square 

mile in a specified area. Since intersections serve as the fundamental unit of any 

street network, the network's density is determined by the concentration of 

intersections. Both the "link-node ratio" and "intersections per square mile" should 

be as high as possible to achieve optimal connectivity and energy efficiency 

(Wasatch Front Regional Council, 2017). 

Some suggestions/tips for Connectivity (Sharifi, 2019b; Silva et al., 2017; Wasatch 

Front Regional Council, 2017): 

¶ Integrate redundant routes in transportation networks to avoid bottlenecks, 

and facilitate uninterrupted and efficient vehicular movement. 

¶ Establish grid-like street layouts to offer various routing alternatives. 

¶ Reduced block lengths enhance the frequency of junctions, hence enhancing 

accessibility and minimizing travel distances. 

¶ Recognize and address deficiencies in pedestrian and bicycle infrastructure 

to establish integrated networks. 
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¶ Build pedestrian and bicycle bridges across physical obstructions such as 

roads or railways. 

¶ Position stations in high-demand locations to enhance accessibility and 

decrease reliance on private vehicles. 

¶ Maximize link-node ratio and intersections per square mile. 

3.4.3.4 Centrality  

Not all nodes and linkages within a road network possess the same significance. 

Centrality measures are typically employed to assess the significance of particular 

nodes or linkages within a roadway network (Sharifi, 2019b). 

Central urban areas, frequently adjacent to the central business district (CBD), 

generally demonstrate high levels of employment, services, and facilities. This 

closeness decreases commuting distances, rendering walking, cycling, or public 

transportation more viable. Centrality directly influences energy efficiency by 

reducing the necessity for lengthy trips and vehicular usage (Ewing & Cervero, 

2010). 

The proximity of dwellings to the Central Business District is frequently utilized to 

assess energy consumption for transportation needs. Increased distances from the 

CBD are frequently correlated with higher energy use for commuting. This is 

especially applicable to monocentric cities. However, defining the "center" is an 

inherent difficulty. This indication can be readily observed in concentric or radial 

contexts, but it may not be as apparent in polycentric cities, nor are the energy 

implications clear. A polycentric city may exhibit reduced commuting lengths, even 

if it is less conducive to public transport commuting (Silva et al., 2017). 

Distance to transit: Reduced distances to transit stations (e.g., bus stops or train 

stations) promote the utilization of public transportation, which is often more energy-

efficient than private vehicle usage. The research indicates that regions with 

proximate access to transit exhibit an increased probability of diminishing vehicle 
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miles traveled (VMT), resulting in reduced total energy usage. Individuals residing 

at a walking distance of around 400-800 meters from a transit station are more 

inclined to utilize public transportation rather than driving (Ewing & Cervero, 2010). 

Sharifi (2019b) elucidates this scenario using the concept of closeness centrality. 

Closeness centrality quantifies the proximity of a node to all other nodes based on 

travel distance. Increased proximity facilitates quicker access to a node from any 

other location within the network. Nodes exhibiting higher closeness centrality 

provide reduced travel lengths and more direct routes. 

Degree centrality determines the number of direct connections a node (street 

junction) possesses to other nodes within the network. A greater number of 

connections indicates a node's increased significance in network activity. Nodes 

exhibiting high degree centrality can enhance traffic distribution and mitigate 

congestion by offering many routing alternatives. This can diminish travel time and 

fuel usage, enhancing energy efficiency. However, excessive vehicle usage at these 

highly linked nodes may result in congestion, hence diminishing energy efficiency 

owing to stop-and-go traffic (Sharifi, 2019b). 

Straightness centrality denotes the directness of routes between nodes in relation 

to the straight-line (Euclidean) distance. Strong straightness centrality signifies that 

routes are almost as direct as possible. When the connections between nodes are 

linear, vehicles may follow more direct routes, hence decreasing travel time and fuel 

expenditure. Curved or indirect routes, conversely, increase travel lengths and 

energy consumption (Sharifi, 2019b). 

In addition, Pereira et al. (2013) calculated the Urban Centrality Index for different 

cities. Two distinct morphological dimensions are proposed for analyzing urban 

structure, which enhance our understanding of monocentric and polycentric patterns: 

centrality (centralized vs. decentralized) and clustering (clustered vs. dispersed). The 

centrality dimension refers to how closely employment is concentrated around the 

central business district (CBD). In order to calculate this index, the values of 

Location Coefficient (LC), which measures the unequal distribution factor of jobs 
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within an urban area, and Proximity Index (PI), which measures spatial separation 

by taking into account the distances between employment centers, must be found. 

The UCI value is obtained by multiplying the LC and PI values. UCI values 

approaching 1 signify a strong concentration of employment in a single center, 

whereas values around 0 imply extensive dispersion across several locations (Pereira 

et al., 2013). 

Some suggestions/tips for centrality (Ewing & Cervero, 2010; Silva et al., 2017; 

Sharifi, 2019b): 

¶ Improve the concentration of transit stops and ensure that residential zones 

are effectively linked to public transportation to enhance energy efficiency 

by diminishing reliance on automobiles. 

¶ A high degree of centrality is advantageous when disseminated throughout 

the network to avoid bottlenecks and facilitate uninterrupted traffic flow. 

¶ Nodes with high closeness centrality should be utilized to identify 

transportation hubs, emergency services, and commercial zones. 

¶ Transform vacant or underutilized properties in central areas into functional 

spaces. It optimizes the utilization of current infrastructure, hence 

diminishing the necessity for energy-intensive growth. 

Table 3.6 Effect of Parameters on Different Energy Fields 

 Building 

heating 

needs 

Building 

cooling 

needs 

Energy 

consump

tion 

related 

travel 

demand 

UHI 

effect 

Solar 

and wind 

energy 

potential 

OPEN SPACE      

ŷ Landscaping Ź Ź NA/ND Ź ŷ 
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Urban Pattern/Urban 

Form 

ŷ/Ź ŷ/Ź ŷ/Ź Ź ŷ/Ź 

Street (Site) 

Layout/Orientation 

ŷ/Ź ŷ/Ź ŷ/Ź ŷ ŷ/Ź 

ŷ Density Ź ŷ Ź Ź NA/ND 

Landuse Development ŷ/Ź ŷ/Ź ŷ/Ź ŷ/Ź ŷ/Ź 

BUILDING       

ŷ Density Ź Ź ŷ NA/ND ŷ 

ŷ Building Height ŷ/Ź ŷ/Ź NA/ND ŷ ŷ 

Roof Shape and Slope ŷ/Ź ŷ/Ź NA/ND NA/ND ŷ/Ź 

Orientation ŷ/Ź ŷ/Ź NA/ND ŷ/Ź ŷ/Ź 

ŷ Spacing Ź Ź NA/ND ŷ/Ź ŷ 

ŷ Shading ŷ Ź NA/ND Ź Ź 

ŷ Ventilation NA/ND Ź NA/ND Ź ŷ 

Building Type, Form 

and Size 

ŷ/Ź ŷ/Ź NA/ND ŷ/Ź ŷ/Ź 

ŷ Surface Area to 

Volume Ratio (SVR) 

ŷ ŷ NA/ND ŷ ŷ 

TRANSPORTATION       

ŷ Road Density/Road 

Ratio 

NA/ND NA/ND Ź ŷ NA/ND 

ŷ Road Network NA/ND NA/ND ŷ ŷ NA/ND 

ŷ Connectivity NA/ND NA/ND Ź NA/ND NA/ND 

ŷ Centrality NA/ND NA/ND Ź Ź NA/ND 

ŷ ð increase/improvement; Ź ð decrease/decline; ŷ/Ź ð possible trade-offs; 

NA/ND ð not applicable/not defined 
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3.5 Energy Efficient Cities Examples Worldwide 

Cities are transforming into energy-efficient urban areas by leveraging their unique 

potentials and implementing various strategies. Efficiency and sustainability are 

significant factors for all cities progressing in this direction. These strategies include 

constructing buildings with nearly zero energy consumption, generating energy on-

site using wind or solar power (as seen in Masdar City in Abu Dhabi and Stockholm), 

implementing smart grids, producing energy through waste combustion, and 

generating biogas from sewage (e.g., Amsterdam, Stockholm, Songdo in South 

Korea). Waste combustion produces electricity through cogeneration and provides 

heat and hot water to homes and businesses from the excess heat. Smart grids seek 

to enhance energy efficiency by monitoring and optimizing use, as well as 

facilitating the integration of small-scale renewable energy sources. Solar power is 

utilized for thermal collectors, as in the Vauban district of Freiburg, and for solar 

photovoltaic panels in buildings in Bologna. Torino is currently developing smart 

city projects, including retrofitting district heating networks. Typically, these 

initiatives are undertaken with ambitious objectives to make cities carbon neutral, 

either eliminating the use of fossil fuels or significantly lowering CO2 emissions. 

Consequently, there is a significant focus on using sustainable energy sources, i.e., 

renewable energy. Although these strategies focus primarily on energy consumption 

and production, they also impact other areas, such as building and neighborhood 

design, by introducing new designs and technologies or retrofitting existing 

structures. Significant distinctions exist between the approaches taken in established 

cities and newly developed cities, such as Songdo or Masdar. These newly 

established cities have the express goal of positioning themselves as locations where 

energy-related advancements would be implemented during the initial stages of city 

development. In the case of Masdar, the ambition is to become a globally renowned 

hub for energy and sustainability research (Moura & Abreu e Silva, 2019). 

The Planning for Energy Efficient Cities (PLEEC) research initiative, conducted 

across Europe, is one of the projects to boost energy efficiency. The PLEEC project 
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concentrates on the technological, creative, social, and structural abilities of 

European medium-sized communities as they strive to become Energy Smart Cities. 

The initiativeôs primary objective is to enhance the energy efficiency of European 

cities. Hence, PLEEC employs a comprehensive approach to achieve a sustainable, 

energy-efficient, and smart city. The primary outputs of the project are Energy 

Efficiency Action Plans for each of the PLEEC partner cities, with the objective of 

strategically and comprehensively improving their energy efficiency. The main goals 

of the PLEEC project are to evaluate energy-saving solutions and possibilities for a 

comprehensive urban planning, demonstrate the higher efficiency of integrated 

planning compared to individual measures, develop a harmonized model for energy 

efficiency planning that takes into account critical aspects of cities, create action 

plans to be presented to city decision-makers and identify the future research agenda 

regarding energy-smart cities (Kullman et al., 2016). 

Some cities that stand out in terms of energy efficiency are given below. 

3.5.1 Curitiba, Brazil  

Thirty years ago, Curitiba in Brazil implemented a sustainable public transportation 

system called the Bus Rapid Transit (BRT) to reduce the number of vehicles on its 

roadways. Consequently, the BRT system in Curitiba has led to a 70% increase in 

commuters using public transportation daily. Consequently, the streets have become 

less crowded and the air quality has significantly improved, benefiting the 3.8 million 

people in the city. Bicycle lanes are a crucial component of the urban transport 

infrastructure in a green smart town as they encourage sustainable urban mobility. In 

Europe, there are regions where this kind of transportation is considerably prevalent 

(e.g. Amsterdam, The Hague, Copenhagen, Stockholm, Helsinki, London, Paris, 

Vienna, Berlin, Barcelona, Hamburg, Freiburg etc.) (Tomar & Kaur, 2019). 
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Figure 3.27. Bus Rapid Transit (BRT) System in Curitiba (URL4) 

3.5.2 Dongtan Eco City, Shanghai, China 

Dongtan Eco City aims to utilize renewable energy sources. By minimizing the 

impact of energy consumption on climate change, energy efficiency is improved, 

leading to reduced energy use and expenses. Buildings with zero energy use and no 

greenhouse gas emissions are being constructed. Energy is generated from wind, sun 

electricity, and organic household waste. Buildings are equipped with green roofs. 

High-rise constructions are prohibited due to the area's climatic features. Residential 

development occupies no more than 40% of the total land area, while the remaining 

60% is specifically allocated for preserving natural bird habitat. Organic agriculture 

is used, and agricultural irrigation depends solely on rainwater. Wastewater is 

processed and recycled. 

A zero-waste city is established by effectively processing and reusing 90% of waste. 

Transportation is facilitated by vehicles powered by hydrogen-based clean fuel, 
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while also advocating for a pedestrian-oriented transportation infrastructure 

(Yēldērēm et al., 2017; Madakam & Ramaswamy, 2015). 

 

Figure 3.28. Dongtan Eco-City Urban Concept, Shanghai, China (URL5) 

Intended Population: 500,000 people, Project Date: 2008-2050 

Area: 3000 ha (Yēldērēm et al., 2017) 

    

Figure 3.29. Dongtan Eco-City Buildings with Green Roofs (URL5) 

3.5.3 Fujisawa Smart City, Kanagawa, Japan 

Fujisawa Smart City is a smart city model that integrates renewable energy systems 

such as solar panels, fuel cells, and energy storage. The city promotes energy 

efficiency through smart home technologies, electric mobility options, and 
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community solar systems, making it a leading example of sustainable urban living 

(Sakurai & Kokuryo, 2018). 

Solar panels are installed on building rooftops to harness solar energy. The use of 

renewable energy sources increased by a minimum of 30%, while the production of 

greenhouse gases decreased by 70%. Smart grid technologies are used to offer city 

lighting, guaranteeing a self-sustained energy supply. Buildings utilize cutting-edge 

technology for energy generation, storage, and management. 

The city employs smart infrastructure systems to ensure harmony with the 

environment and prevent pollution. A city is constructed using organic principles, 

where the placement of solar batteries is carefully linked with the soil layer to 

establish an efficient and smart infrastructure system. 

Domestic water consumption is reduced by 30%. Transportation to health and public 

institutions is conveniently located nearby, ensuring minimal travel time and 

allowing for easy access by walking. Promotion of electric bicycles, electric 

automobiles, and pedestrian transportation is encouraged (Yēldērēm et al., 2017). 

 

Figure 3.30. Fujisawa Smart City, Japan (URL6) 

Intended Population: 3,000 people, Project Date: 2008-2018 

Area: 19 ha (Yēldērēm et al., 2017) 
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Figure 3.31. Solar Panels Installed on Building Rooftops in Fujisawa Smart City 

(URL7) 

3.5.4 City of Masdar, A Planned Oil-Free Eco-City in Abu Dhabi, United 

Arab Emirates 

The city of Masdar in Abu Dhabi, currently under development since 2006, is 

planned to be oil-free. The ultimate goal is to achieve both zero-carbon emissions 

and zero waste by minimizing energy usage and maximizing energy efficiency. The 

city's carbon dioxide emissions are stored underground. Approximately 80% of 

buildings have solar collectors installed, whereas solar panels are often located on 

rooftops. The use of waste for energy generation accounts for 99%. Of utmost 

significance for the desert city is the complete recycling of all water, including 

reusing inhabitants' wastewater to cultivate crops in enclosed, self-sufficient farms 

that will also recycle their own water (Yēldērēm et al., 2017; Bose, 2010; Madakam 

& Ramaswamy, 2015). 

Buildings are restricted to a maximum of five stories to optimize the advantages of 

shadows and sunlight. Seawater is processed and utilized to fulfill water 

requirements, decreasing total water consumption. Both wastewater and rainwater 

are used exclusively for irrigation, with solar energy harnessed in the treatment 

procedure. The utilization of efficient fixtures, home appliances, and smart meters 

enhances water efficiency. 
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Solar power plants will generate electricity for lighting, air conditioning, and the 

process of desalinating ocean water. Wind farms will significantly contribute to the 

city's energy needs and initiatives to harness geothermal energy from deep 

underground. Additionally, there are intentions to construct a facility that would 

generate hydrogen and fuel from the sewage of the citizens (Bose, 2010). 

Every single piece of waste is recycled to achieve the goal of zero waste. A portion 

of the waste is used for electricity generation, while the remaining part is used as 

fertilizer for landscaping. 

An electric bus and rail system have been implemented citywide, with a strict 

prohibition on car entry. Transportation mainly consists of pedestrians and bicycles. 

Subterranean electric vehicles, known as "Personalized Rapid Transit," would 

transport passengers directly between locations. Electric taxis, equipped with single-

person cabins and autonomous driving technology, are employed for transportation. 

These taxis operate on sustainable energy sources (Yēldērēm et al., 2017; Bose, 2010). 

Figure 3.33 depicts a photovoltaic (PV) panel canopy that spreads across many 

buildings in Masdar. The PV panels will be installed on a canopy structure, offering 

shade for the building's roof terrace and open area. Additionally, the panels will 

generate solar power for the facility (Zeng, 2011). 
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Figure 3.32. City of Masdar, A Planned Oil-Free Eco-City in Abu Dhabi (URL8) 

(being built in the desert nearby Abu Dhabi) 

Intended Population: 50,000 people, Project Date: 2006-2025 

Area: 600 ha (Yēldērēm et al., 2017) 

 

Figure 3.33. The PV Canopy in Masdar (URL8) 

3.5.5 Songdo Smart City, South Korea 

Songdo International Business District (IBD) is designed to be a sustainable and 

technologically advanced urban center, serving as a pedestrian-friendly city, with 

walkable streets, 40% green spaces, and an urban density that fosters an active street 

life (Yigitcanlar et al., 2019). 

Waste materials are used to generate electricity. The utilization of Energy 

consumption is minimized by the utilization of LED lighting, air conditioning 

systems equipped with water cooling, and the harnessing of wind and solar energy. 

Local vegetation is used to create green roof systems. Greenhouse gas emissions are 

minimized, while employing sustainable building materials. The city strives for 

sustainable and smart growth, with 120 structures successfully obtaining LEED 

certification. 
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Using sensors controlled by computers connected via a grid, a central location 

effectively manages traffic, public transit, energy usage, heating, and air 

conditioning. 40% of the land comprises green spaces and golf courses, including 

environmentally sustainable design concepts. 

The collection of rainwater and the treatment and reuse of wastewater lead to a 

reduction in water use. An innovative waste-collecting system has been created to 

reduce the need for garbage trucks. This system directly transports residential waste 

from buildings to waste processing centers for efficient sorting. 

Promoting pedestrian and bicycle mobility is encouraged, while public transit is 

popularized. Utilizing electric vehicles has led to a decreased private car ownership 

(Yēldērēm et al., 2017; Madakam & Ramaswamy, 2015; Moura & Abreu e Silva, 

2019). 

 

Figure 3.34. Songdo Smart City, South Korea (URL9) 

Intended Population: 252,000 people, Project Date: 2003-2020 

Area: 610 ha (replenished area) (Yēldērēm et al., 2017) 
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3.5.6 City of Copenhagen, Denmark 

Copenhagen has a substantial offshore wind farm, and more than one-third of its 

inhabitants engage in daily cycling. Green roofs have increased across the city, 

insulating buildings and facilitating gradual water absorption, lowering pressure on 

sewers and drains (Arcadis, 2024). 

Denmark and Copenhagen possess a significant amount of renewable energy 

sources, with more than 50% of their power generated from renewables, mostly from 

wind farms and biomass, and lesser contributions from solar and other renewable 

energy sources. Copenhagen primarily relies on a combination of onshore and 

offshore wind energy sources, including the Middelgrunden Offshore Wind Farm, to 

provide the bulk of its electrical needs. In addition, the city obtains energy from 

biomass sources such as waste-to-energy systems, solar photovoltaics and solar 

thermal technologies. 

The Copenhagen International School has the world's biggest solar facade, along 

with several energy-efficient technology and passive architectural elements. The 

primary source of the city's district heating is biomass combustion in cogeneration 

facilities, sometimes referred to as combined heat and power (CHP) plants. The 

district heating network in Greater Copenhagen is the biggest integrated district 

heating system globally and will shortly achieve complete carbon neutrality. 

By 2020, wind farms produce 50% of the city's electricity. The city's climate plan 

for 2025 is focused on achieving a zero-carbon emissions status by totally 

eliminating the usage of fossil fuels and nuclear energy. The plan aims to transform 

the city into a green and smart urban environment. In 2050, the city will achieve to 

become the first carbon-neutral capital relying entirely on renewable energy sources 

to meet its energy demands (Thornbush & Golubchikov, 2021). The heating 

requirements have been predominantly met by harnessing geothermal energy. 

Buildings will use green roof principles. 
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The rainwater will be recycled and reused, while 94% of the waste will be recycled. 

Bicycling promotion will be enhanced by integrating it with the subway network, 

and there will be a strong focus on improving public transportation (Yēldērēm et al., 

2017; Winter, 2019). 

 

Figure 3.35. City of Copenhagen, Denmark (URL10) 

Population: 1,381,000 (2023) 

3.5.7 Grenoble, France 

The city of Grenoble, located on the edge of the Alpine Mountains in southeastern 

France, has been awarded the title of "Europe's Green Capital 2022" for its 

sustainable economic, social and environmental development policies. The title of 

European Green Capital is given every year to a city with a population of more than 

100 thousand achieves standards in line with sustainable urban living goals. Leaving 

behind the finalists of the year, Turin, Tallinn and Dijon, Grenoble stands out in the 

race with its long-standing, ambitious, coherent, ecological transition policies. 
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Grenoble, which has a low carbon impact thanks to its activities aimed at developing 

urban agriculture, reduced its greenhouse gas emissions by 25% from 2005 to 2016. 

Thus, Grenoble became the lowest emission region in France. While a 50% reduction 

in greenhouse gas emissions is aimed by 2030; the city aims to be carbon neutral by 

2040. In the city where 80% renewable energy is used, 80% energy recovery is 

achieved. Efforts are being made to reach 100% of renewable energy use by 2030. 

Today, 11 hydroelectric power plants, 12 photovoltaic plants, a biogas unit and a 

wind farm are in service in Grenoble. The city's water treatment plant produces 

enough biogas to power more than 125 buses with BioGNV daily. In the short term, 

it is planned to replace the city's entire diesel bus fleet with clean energy. The car 

usage rate is relatively low in the city. 98% of the population goes to work by public 

transportation. Grenoble is equipped with a high-quality and constantly expanding 

public transport network. The region has a network of approximately 50 bus lines, 

five tram lines, and 21 ñpark-and-ride facilitiesò (Schmeller & S¿meghy, 2023). 

 

Figure 3.36. Grenoble, France (URL14) 

Population: 537,000 (2023) 
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3.5.8 Vancouver, Canada 

Vancouver, situated on the western coast of Canada, is the most populous city in 

British Columbia, boasting around 2,657,000 inhabitants and covering a land area of 

115 km2. In recent years, the city has endeavored to become a global frontrunner in 

promoting urban sustainability by setting ambitious climate change objectives and 

implementing corresponding measures. In 2011, Vancouver implemented a new 

policy plan called the Greenest City 2020 Action Plan (GCAP). The GCAP gained 

international acclaim and acknowledgement, having been honored with prestigious 

awards like the 'Best Green Building Policy' by the World Green Building Council 

in 2013 and the C40 Cities Awards for Carbon Measurement and Planning in 2015. 

The GCAP has been presented and supported as an exemplification of 

environmentally conscious leadership, with the aim of transforming Vancouver into 

the most environmentally sustainable city globally, as indicated by the plan's name. 

The main goal of this plan is to maintain a position of leadership in urban 

sustainability by decreasing the city's CO2 emissions in 2020 to a level 33% lower 

than that of 2007, and by ensuring that the city's energy sources are entirely 

renewable by 2050. Starting in 2012, Vancouver embarked on a mission to achieve 

the status of being the most energy efficient city in the world by 2020. This goal was 

pursued by primarily utilizing hydroelectric power, which now constitutes the bulk 

of the city's energy sources, along with other renewable sources such as wind, solar, 

and wave power. With its diverse topography and expansive landmass, Vancouver 

has access to abundant renewable energy resources such as biomass, solar, and wind 

energy. These resources have the potential to help the city achieve its goal of relying 

entirely on renewable energy by 2050. Although about 90% of the province's current 

electricity output comes from huge hydroelectric dams, the city of British Columbia 

is determined to broaden its electricity sources by boosting the proportion of 

alternative renewable energy sources such as solar, wind, and biomass (Bagheri et 

al., 2018). 
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Figure 3.37. Vancouver, Canada (URL15) 

Population: 2,657,000 (2023) 

3.5.9 Reykjavik, Iceland 

In 1998, Iceland became the first country in the world to put up a plan to achieve 

100% renewable energy. Reykjavik has emerged as one of the pioneering 

metropolises worldwide to exclusively rely on renewable energy sources for both 

heating and power. Currently, Iceland relies completely on renewable electricity 

generated from locally sourced hydropower and geothermal energy. Moreover, 

around 85% of Iceland's overall energy consumption, which includes industry and 

transportation, is derived from domestically generated renewable sources. Iceland 

holds the distinction of being the global leader in power production per person, as 

well as the top generator of renewable energy per person. 

Reykjavik is known for being one of the most energy-efficient cities in the world. 

Reykjavik, like the rest of Iceland, depends on renewable hydropower and 
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geothermal facilities to supply all the heat, electricity, and hot water needed by its 

population of over 140,000 residents. The Nesjavellir geothermal power station 

serves to the space heating and hot water requirements of the greater Reykjavik 

region. During the mid-2000s, the city initiated a process of substituting its public 

transportation system with buses powered by hydrogen fuel. The only emissions 

produced by these vehicles consist of only clean water. Despite its modest size, 

Iceland's ambitious energy goals are setting an example for the rest of the world. 

Reykjavik fulfills its total need for power and heating exclusively through the 

utilization of hydroelectric and geothermal sources. Reykjavik obtains around 73% 

of its power from hydroelectricity and around 27% from geothermal sources. 

Geothermal energy fulfills the majority of Reykjavik's heating requirements. Most 

of the heating and hot water demands for Icelandic buildings are met by a small 

number of massive geothermal power plants, accounting for around 90% of the total. 

Around 10% of Iceland's buildings rely on electricity derived from renewable energy 

sources to fulfill their heating requirements. Reykjavik has set a target since 2016 to 

achieve net zero emissions by 2040, and it also aspires to become entirely free of 

fossil fuels by 2050 with hydrogen electricity serving as the crucial component of 

this transition. 

The Reykjavik Municipal Plan 2010-2030 has a Sustainable Planning Policy aimed 

at preserving Reykjavik's status as a globally renowned environmentally friendly 

city. The Municipal Plan of Reykjavik prioritizes the advancement of sustainable 

public transportation systems, renewable energy, energy efficiency, eco-friendly 

construction, district heating, pollution reduction, preservation of green spaces (with 

approximately 90% of Reykjavik residents living within a five-minute walk of a 

public green space), and the densification of the city's urban environment (City of 

Reykjavik Department of Planning and Environment, 2014). 
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Figure 3.38. Reykjavik, Iceland (URL16) 

3.5.10 London, UK 

London started its endeavors to establish itself as a prominent participant in the realm 

of energy-efficient cities around the mid-2000s. An initiative has been put into action 

to transition 25% of power generation to more efficient and local sources. This will 

be achieved by providing incentives to establish novel District Heating models that 

utilize renewable energy sources. England has 10 out of the top 25 currently 

functioning offshore wind farms. 

The city has also imposed heavy taxes on high-emission automobiles such as SUVs, 

whereas electric vehicles and hybrids are not subject to these charges. London 

intends to reduce its carbon dioxide (CO2) emissions by 60% during the next 20 

years. 

London has undertaken another initiative to enhance energy efficiency by developing 

an environmental strategy. With the London Environment Strategy, it is aimed for 

London to be a city with zero carbon emissions and to have at least 50% green areas 

in 2050. Within the scope of this strategy, Zero Emission Zones, where only zero-
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emission vehicles can enter, have been planned in the city center to reduce 

transportation-related emissions and therefore air pollution. In this way, it is 

envisaged that especially electric vehicles will be encouraged. The goals include 

increasing London's existing green areas, becoming the world's first National Park 

City in 2019, and reducing the per capita food waste rate by 50% by 2030 (T.C. 

¢evre, ķehircilik ve Ķklim Deĵiĸikliĵi Bakanlēĵē, 2019a). 

 

Figure 3.39. London, UK (URL17) 

Population: 9.65 million (2023) 

3.5.11 San Francisco, California, USA 

San Francisco is one of the cities in North America with its hilltop geography, 

relationship with the sea, Mediterranean climate, cosmopolitan structure and disaster 

risks. It contains Silicon Valley, the R&D center of the modern world, within its 

borders. The city of San Francisco has determined its 2020 vision as zero waste and 

zero carbon emissions. Leading LEED-certified municipal buildings, increasing the 

use of solar panels in existing buildings with renewable energy targets, starting buses 

to run on alternative fuels, converting taxis to hybrid and electric vehicles, and not 
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adopting the country's overall stance, independently aiming to reduce carbon 

emissions by 80% by 2050 under the 1997 Kyoto Protocol, are what the Gulf city 

has been working for energy efficiency in the past (T.C. ¢evre, ķehircilik ve Ķklim 

Deĵiĸikliĵi Bakanlēĵē, 2019a). 

San Francisco has been designated as the leading city in the United States for its 

energy efficiency and efforts to decrease greenhouse gas emissions, according to the 

American Council for an Energy-Efficient Economy's (ACEEE) 2024 City Clean 

Energy Scorecard. San Francisco achieved the highest score in the 2024 scorecard 

and was considered the best in terms of equity indicators. This was attributed to the 

city's recent adoption of climate and transportation plans, as well as modified zoning 

regulations that promote denser development in residential zones. San Francisco 

offers clean, inexpensive, and reliable electrical power to numerous households and 

companies, with a greenhouse gas-free rate of around 98%, rather than depending on 

fossil fuels. San Francisco's transit system is predominantly powered by electricity 

that produces no greenhouse gas emissions, solidifying its reputation as an 

environmentally conscious city. The implementation of the Van Ness Bus Rapid 

Transit (BRT), the upcoming Geary BRT, and the emphasis on e-bikes for the City's 

new bike lanes have significantly enhanced the City's reputation. San Francisco 

recycles more than three-fourths of the waste produced by its population of 808,000 

people. The city allocates around 20% of its area for green space and has been at the 

forefront of the electric vehicle movement. In addition, San Francisco has 

implemented a prohibition on non-recyclable plastic bags and plastic toys containing 

potentially harmful chemicals. (Samarripas, 2024; Yigitcanlar et al., 2019). 
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Figure 3.40. Van Ness Bus Rapid Transit (BRT) in San Francisco (URL18) 

3.5.12 Oslo, Norway 

The city heavily depends on renewable energy sources, particularly hydro power, 

which accounts for over 60% of its overall energy usage. Since 2013, the emissions 

of the capital of Norway have decreased considerably and are progressing towards 

the goal of having almost zero emissions by 2030. Citywide emissions are currently 

being tracked and supervised, and the municipal fund is allocating money towards 

environmentally friendly initiatives instead of relying on fossil fuel-based 

alternatives. The city's objective is to create a center that is car-free, while also 

implementing various incentives. These incentives include providing credits for 

electric transport bicycles, improving access to public transport lanes, exempting 

tolls for electric car drivers, and awarding tax credits. 

The heating system in Oslo relies on renewable energy sources for 80% of its 

electricity, primarily bio-methane derived from waste. Within the following decade, 



 

 

153 

the city aspires to achieve a 100% increase in that statistic. The city has implemented 

"intelligent lights" that automatically adapt their brightness based on weather and 

traffic conditions, resulting in significant improvements in energy efficiency. Oslo 

aims to achieve a 50% reduction in carbon emissions by 2030, while the entire 

country of Norway aspires to become carbon neutral by 2050. Oslo also features 

highly effective car and bike sharing schemes. Numerous electric vehicles are 

currently benefiting from "complimentary parking, exemption from tolls, and 

permission to use lanes typically designated for public transportation." 

Oslo, the capital of Norway, is renowned for its commitment to conserving and 

maintaining green areas. There are one million trees in the urban area of Oslo, with 

two-thirds of them lying within the city's perimeter. These trees are found in woods, 

parks, and lakes. 

Oslo ranks first in The Arcadis Sustainable Cities Index 2024 (Arcadis, 2024), which 

evaluates the sustainability and smart city competencies of countries and creates an 

index in a ranking. Also, in 2019, the City of Oslo was awarded the title of European 

Green Capital (Norwegian Ministry of Climate and Environment, 2021). 

 

Figure 3.41. Oslo, Norway (URL19) 

Population: 1,086,000 (2023) 
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3.5.13 Malmº, Sweden 

The majority of Sweden's energy supply is currently derived from nuclear power. 

Malmº, the third biggest city in Sweden, has developed an ambitious and unique 

strategy to produce energy-efficient residences. The city of Malmº has built houses 

for 10,000 inhabitants and facilities for 20,000 employees at a former shipyard 

known as Western Harbour. These structures are powered only by renewable energy 

sources such as wind, solar, and water, all of which are produced locally. 

Malmº set a goal in 2021 to achieve a 70% reduction in its city-wide carbon 

emissions by 2030. Moreover, in accordance with the nation's objectives, the city 

also anticipates achieving carbon neutrality in its governmental operations by 2030. 

Malmº is a leading city in the field of renewable energy. The shift to renewable 

energy is seen as a key element in attaining net-zero emissions. The shift to 

renewable energy is seen as a key element in attaining net-zero emissions. By 

moving away from fossil fuels and replacing them with renewable sources, 

greenhouse gas emissions can be reduced while also offering sustainable energy 

solutions to meet the energy demands of the community. This will facilitate the 

development of cities that are more environmentally friendly, adaptable to change, 

and fair in their distribution of resources and opportunities. 

Malmº has pledged to achieve complete reliance on renewable and recycled energy 

sources across its community by 2030, surpassing Sweden's national target of 

achieving 100% renewable energy by 2040. The city now possesses the world's third-

largest wind farm, which supplies electricity to 60,000 households. Malmº's 

sustainability efforts include the utilization of both renewable energy sources and 

recycled energy derived from waste incineration, waste heat from industrial and 

commercial activities, and heat retrieved from wastewater treatment. 

In 2018, fossil fuels accounted for 50% of the energy provided in Malmº. Malmº's 

Energy Strategy for the period of 2021-2030 sets a target for the city to reach a 100% 

renewable energy status. This will be achieved when the total energy generated and 
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imported from recycled sources or obtained from renewable sources is equal to the 

amount of energy used in Malmº. 

Food waste is used for compost and the creation of biogas, which is then utilized as 

fuel for local buses. Malmº boasts several urban farms and green food initiatives as 

well. In addition, Malmº boasts various eco-districts, including Sege Park located in 

the northern part of the city. Sege Park serves as both a residential area and a platform 

for experimenting with sustainable solutions. Climate-smart constructions will 

complete the current structures, which will undergo improvements, resulting in the 

creation of accessible and appealing new commercial and residential spaces. 

The utilization of solar panels will provide sustainable energy via a smart electricity 

grid, while simultaneously ensuring the preservation of a spacious green park. This 

will provide local residents the opportunity to cultivate their own nutrition. 

Resources for sharing cars and bicycles will be provided, along with facilities for 

recycling local food waste. Along with Sege Park, Hyllie, Augustenborg Eco-City 

and The Northern Harbour of Malmº are the other eco-districts in the city (Local 

Governments for Sustainability, 2021; Bibri & Krogstie, 2020b). 

 

Figure 3.42. Sege Park in Malmº (City of Malmº, 2021) 

Population: 362,133 (2023) 
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CHAPTER 4  

4 CASE STUDY: MERSĶN AND ITS FIVE DISTRICTS  

This chapter presents the analysis of the existing situation of Mersin and its five 

districts in terms of smart energy use and smart city applications. The rationale for 

selecting Mersin as a case study is explained by thoroughly analyzing energy 

potential and current smart city applications regarding energy efficiency. In line with 

the objective of developing a pilot smart city model, the chapter examines the field 

reflections of the design parameters identified through a comprehensive literature 

review. By analyzing the existing structure based on these parameters, smart city 

applications are suggested to increase energy efficiency.  

4.1 Current Situation of the Case Study Area 

Mersin, located within the borders of the Mediterranean Region in the south of 

Turkey, is selected as the study area (Figure 4.1). Mersin, a port city, is located 

between 36-37Á north latitude and 33-35Á east longitude. The total surface area of 

the city is 15,853 km2 and according to the end of 2022 ADNKS results, it is the 

eleventh most populous city in Turkey and has a population of 1,938,389 as of 2023. 

The study area is bordered by the Mediterranean Sea to the south and the Eastern 

Taurus Mountains to the north. Therefore, the topography of the city varies from 

south to north. While the lowest elevation in the area is at sea level, the highest 

elevation is at 3,500 m. The province is not very rich in terms of rivers. The most 

important rivers of the province are the Gºksu and Berdan Streams. In the study area, 

the slopes in the plains close to the Mediterranean have a 0-2% flat slope, while 

towards the Eastern Taurus Mountains there are slopes with a steep slope of 20-30%. 

The urban climate is under the influence of the sea on the coast and under the 

influence of the continental climate as you move away from the coast. In general, the 
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city has a typical hot and mild subtropical climate. Summers are hot and extremely 

humid, winters are warm and rainy (annual precipitation average is 1096 mm). The 

average temperature in summer is 33ÁC, the dominant wind direction is South-

Southwest, wind speed is 3 km/s and the average humidity is 57% (Mersin 

B¿y¿kĸehir Belediyesi, 2016). 

 

Figure 4.1. Location of the Study Area Mersin (URL1) 

The reasons for choosing Mersin as the study area are as follows: 

¶ The climatic and topographic characteristics of the study area are suitable for 

new energy facilities, 

¶ The sunshine duration throughout the year is high compared to other regions, 

¶ It has a great potential for solar energy systems due to its high sunshine 

duration and suitable geographical location, 

¶ There are effective wind currents along the Mersin coastline. This situation 

provides a beneficial environment for the formation of wind energy plants, 
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¶ The region has a renewable energy plant potential due to the presence of 

solar, wind, etc. renewable energy plants in the area, 

¶ Mersin is a city in the process of rapid urbanization. This situation provides 

a suitable ground for pilot testing of new and energy-efficient city design 

applications, 

¶ Mersin's touristic areas and summer resorts offer opportunities for the 

development of energy-efficient building and infrastructure applications in 

particular, 

¶ The fact that the ¢ukurova region is seen as an energy corridor in the 

Eleventh Development Plan (2019-2023) of Turkey and the study area is 

located in this corridor. 

Especially the districts of Tarsus, Yeniĸehir, Erdemli, Silifke, Mut, G¿lnar and their 

surroundings, which are located in low-slope, lowland areas close to energy 

transmission lines and settlements, have the highest suitability for solar power plants 

and the renewable energy potential of these regions is high. According to the Turkey 

Solar Energy Potential Atlas (GEPA) prepared by the Ministry of Energy and Natural 

Resources, the total annual solar radiation intensity in our country in 2022 was stated 

as 1,527.46 kWh/m2 and the sunshine duration as 2,741 hours (URL2). A solar 

radiation value of at least 4.5 kWh/m2 is required for the efficiency of solar power 

plants. The radiation values of the Mersin region are very high in mountainous 

regions (1800-2000 kWh/m2 year) and 1700-1750 kWh/m2 year in coastal areas 

where the population is densely populated (Aydēn et al., 2014). 
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Figure 4.2. Distribution of Solar Power Plants in Turkey (URL4) 

 

Figure 4.3. Distribution of Wind Power Plants in Turkey (URL3) 

4.2 Reflection of Design Parameters for Turkiye Case 

Energy efficient city design requires the establishment of standards that serve as 

significant features for evaluating the energy performance of city quarters or entire 

cities. In this study, criteria are organized into categories for urban evaluation, such 
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as open space, building, transportation and infrastructure. The objective of this study 

was to specifically analyze evaluation methodologies for urban energy. 

4.2.1 Open Space 

Typically, the landscape patterns and processes in Mediterranean regions exhibit 

distinct features when comparing the coastal areas to the interior areas. The research 

area is the province of Mersin, which serves as a representative example illustrating 

these variances (Figure 4.4). Figure 4.4 illustrates that regions along the coastline are 

designated by agricultural activities and residential structures. Orchards and 

greenhouses constitute a significant percentage of the agricultural activities in this 

area. Vineyards, olive groves, and open-field agriculture are also seen, but with less 

prominence, in a mixed agricultural landscape. 

 

Figure 4.4. Analysis of Landscape Patterns and Processes from Coast to Inland 

The characteristics of patterns and the processes undergo a gradual transformation 

from the coast to the interior areas. While agriculture remains a prominent 

characteristic in higher regions, open fields are the most common form of 

agricultural land compared to the other agricultural land types. Orchards are also 

present in these regions, primarily found in the lower sections of valleys. In higher 
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elevations, there is a coexistence of natural vegetation and agriculture, with variable 

degrees of dominance. The vegetation found at lower altitudes is often characterized 

by sclerophyllous macchia bushes, with Quercus coccifera and Phillyrea latifolia 

being the main species. The Turkish pine (Pinus brutia) is the predominant tree 

species found at lower elevations, typically ranging from 0 to 1200 meters above sea 

level. Greater elevations (for example, 1000 meters above sea level or even higher) 

provide a suitable environment for a variety of juniper trees, such as Juniperus 

excelsa. Lebanon cedar (Cedrus libani) and Cilician fir (Abies cilicica) can be found 

alongside juniper populations at higher elevations. Agricultural encroachment and 

deforestation are the primary processes occurring in the higher regions. 

Deforestation primarily occurs by removing macchia vegetation. 

In the pursuit of creating energy-efficient urban environments that align with the 

smart city approach, understanding the specific urban design parameters that 

influence energy performance is crucial. This chapter focuses on Mersin Province, 

examining how different urban design parameters affect energy efficiency across 

five selected districts: Yeniĸehir, Mezitli, Erdemli, Silifke, and Mut. By analyzing 

these areas, the study aims to provide insights into the relationship between various 

parameters (e.g. urban form, land use, etc.) and energy consumption, offering 

practical strategies for enhancing energy efficiency within the urban fabric of 

Mersin. Figure 4.5 shows the locations of the selected areas. 



 

 

163 

 

Figure 4.5. Locations of the Selected Areas (Google Earth was used as a base) 

An analysis of the urban forms in the selected areas reveals that the grid urban form 

predominates in Yeniĸehir, Mezitli, and Erdemli. In these districts, the grid system 

runs parallel to the coastline, with streets extending perpendicularly towards the sea, 

ensuring the vibrancy and accessibility of the waterfront. The section connecting 

Erdemli to Silifke progresses in a linear form, running parallel to the coast. Moving 

further inland, Silifke is situated around the Gºksu River, and due to its alignment 

with the river's shape, it displays a radial urban form. Mut, which is the furthest area 

from the coast, exhibits a more organic form, reflecting its distance from the densely 

urbanized coastal zones (Figure 4.6). 
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Figure 4.6. Urban Form Types of the Selected Areas (Snazzy Maps was used as a 

base) (Numbers above images refer to areas in Figure 4.5) 

4.2.2 Building 

At the building scale, the analysis for the selected areas focuses on building 

configurations, building heights, distances between buildings, roof areas, and 

building orientation. This analysis reveals that the buildings in Yeniĸehir, Erdemli, 

and Mezitli generally consist of taller structures. When examining the city's 

morphological structure, it is also apparent that coastal development is denser 

compared to the inland areas. The buildings in Yeniĸehir, Erdemli, and Mezitli are 

positioned parallel to each other or aligned according to the shape of the urban block 

they occupy. Additionally, the development in Mezitli and Erdemli along the coastal 

strip mainly consists of residential complexes, which are mostly used in summer. 

Therefore, the distance between buildings within these complexes is generally 

greater than that of individual apartment buildings in the neighborhood. The 

orientation of the buildings is arranged to create a circulation and gathering point in 
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the center of the complexes. In contrast, the development in Silifke and Mut is 

characterized by a more irregular pattern and consists of lower-rise structures. 
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Figure 4.7. Building Configuration Types of Selected Areas (Snazzy Maps was 

used as a base) 

When examining the roof shapes for solar energy and green roof applications, it is 

observed that almost all buildings have flat roofs. High-rise, dense construction 

dominated by residential complexes with pools offer a greater potential for solar 

energy compared to independent apartment buildings, which presents an advantage 

for Mersin. In Silifke and Mut, which are located further inland, informal settlements 

still exist, even if not along the coastal areas. In these neighborhoods, individual solar 

energy use may not be very practical. However, residents could contribute to energy 

efficiency by increasing urban greenery through urban agriculture practices in their 
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gardens. When looking at the roof forms in Silifke and Mut, hip and gable roof forms 

are observed. 

Table 4.1 Common Roof Shapes of the Selected Areas (Imagery from Google 

Earth was used) 

Area Roof Shape Image Street View 

MEZĶTLĶ 

 

FLAT 
 

 

SĶLĶFKE 

 

HIP 
 

 

MUT 

 

GABLE  
 

 

4.2.3 Transportation  

A significant portion of Mersin's national and regional transportation, as well as 

urban transportation, is carried out by highway. According to the 2024 data of the 

General Directorate of Highways, there are 1,475.3 km of highways within the 

borders of Mersin Province, including 157 km of motorways, 483.3 km of state roads 

and 835 km of provincial roads (URL21). Figure 4.8 shows the road networks of the 


























































































































































