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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 MERSKN

Tar é Ganzd
Master of SciengéJrban Design in City and Regional Planning
Supervisor: Prof. DiZ. M¢, g Akkar Ercan

December 202264 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, envimmental 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 ofreart cities because energy consumption significantly impacts the
sustainability of urban aredsitegratingurban design principles with the smart city
approach holds immense potential to create epeffigient 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 howthoughtful design choices can contribute deeating energy

efficient cities. The study delves into key urban design parameters under three



headingd open space, building, and transportadidhrough an interdisciplinary

lens encompassing urban planning, haecture, environmental science, and
technology. Drawing upon existing models and empirical data, this thesis examines
various applications of these parameters inweald contexts to demonstrate their
efficacy in fostering energy efficiency. Paramdtased 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 exploré®w smart city applications and
innovative ideasan be integrated witlrban design to enhance energy performance
and optimize resource utilization. By synthesizing theoretical insights with practical
strategies, this research aims to provide valuable irssightl 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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AKI LLI KEHKR IYAKQARUIMI USUNDA ENERJK VERI
KEHKRLERDE KENTSEL TASRRIL BMRIRARRMET

UYGULAMALARI : ¥NRENFES KN

Tar é Ganzd
Y¢ksek,Keinsseens Tasarém, kehir B°l ge
Tez Y°%°neticisi: Prof . Dr . Z. M¢ g e

Ar a |0B4K642ayfa

Géenegmegz degnyaseé exki benzer.i ger ¢l memi Kk b
ve k¢gresel negfusun yaréséndan fazlaseée ar:
be¢yée me, artan enerji teketimi¢gzerivmeslkl
baskée gibi °nemli zorluklarée da beraberir
akéell é Kehirler kavr ameé s¢rder gl ebilir
uygul anabilir bir -%z¢m ol arak il gi geori
a anl arén s¢rdereglebilirlijini °neml i o] -

Kehirl erin ana hedefl eri nden biridir. |

yakl akeméeyla b¢tegnlektiril mesi, enerji

-evr elagrmayka i -in b¢gyé¢k bir potansi yel bar
Bu arakt ér ma, akelle kehir yakl akeme -er
enerji verimlilijJinin kesikKkimini incel er
enerji verimlilijik&argeéondaki asambbyot ak:
tercihlerinin enerj.i ver i mli Kehirlerin
arackteéertmakéwmmay . Kehir pl anl ama, mi mar | éKk
kapsayan disiplinl ekemtrsaeslé tba garnéeem cpe&krl &m
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al an, bina ve ul akém ol mak ¢zere ¢- bakl ékt e

ampirik verilerden yararlanan bu tez, ener
g°ster mek i -1in bu par ametared reda kni g-ea k-ietkl i
uygul amal ar éneé i ncel emektedir. Bu tasar én
yansémaséné anlamak ve dejerlendirmek 1i-1in
kull anél arak parametreler bazéndaranalizl er
uygul amal ar éA9necal mekaedkt ér ma, ener ji per
kaynak kull anéméné optimize etmek i-in akeéel
fikirlerin kentsel tasar éma naseéel entegre e
prati k stratejilerle sentezleyen bu arakt ér me
dayaneéekl él éja y°neli k kKkekillendirmede yer a
mi mar | ar a vV e dijer paydaxkl!l ar a dejer |l i bi

a ma - | taandaékr
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CHAPTER 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 (Re@hd Orova, 2015). Thereforgtiesare
important in promoting sustainable development strateg{@sto et al., 2016).
Addressig energy demands a paramount challenge in ensuring the sustainability
of urban communities antheir built environments. Consequently, bolstering the
resilience of energy systems within urban areas emerges as a vital strategy in
confronting the realitpf the energy crisis driven by pervasive energy consumption
(Ragheb, 2022). As a proactive strategy in addressing the energy crisis,- energy
efficient urban planning presents solutionented approaches for improving the
urban living experiencby implemeting spatial solutionsThese solutions also aim

to fostera healthy and comfortable built environment while minimizing energy
usage. Thus, energgfficient design and urban planning stand out as the most
economically viable way to diminish building enepnsumption (ESherif, 2022).

The utilization, diversity, and accessibility of enemggnificantly impacta city's
economic advancement, environmental vbeling, and the welfare of its
underserved populations. Urban areas adopting sustainable, -effeignt
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
theglobal economyy cultivatinglow-carbon initiatives. Specifically is important

for cities in developing countrigso pr i or i t i z e Tthis meansshatr s 6
poorer households and small energy users need a sustainableedfielgyt plan

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



with energy efficiency in urban planning. Due to this strong connection and
interoperation principle, energy efficiency and smart cities cannot be considered
separately. Hencesustainable and livable environments can be preserved or
recreated by incorporating smart city approaches into planning and urban design.
Indeed, the concept afsmart city serves as an umbrella term encompassing diverse
categories (Lai & Cole, 2022). hE smart city embodies a theoretical urban
development paradigm that leverages human, collective, and technological resources
to promote advancement apiebsperity within urban centefdngelidou, 2014). The

"Smart City" concept aims to confront the reéefrchallenges 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, qualitife enhancement, urban
operational efficiency, and the provision o
al., 2020). Based on this concept, identifying and implementing suitable green
technologies for urban planning should be considered a foiwakthg 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 a tity (Srivastava et akitedin 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 egrgy demand, greenhouse gas emissions, pressure on the urban
formations and component s, and depletion of
concept came up to deal with these challenges and ensure sustainable development

to provide the permanence of resms and reduce environmental, social, and



economic problems. Many urban problems can be managgty modern
technology, which can also direct sustainable city design. These technologies assist
cities in maintaining a reasonable quality of life and presgrnatural 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 hasgd traction in academic discourse
and policy agendas, gap existin 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 studyaims to elucidat¢he 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

energyefficient principles into the fabric of urban environments.

Furthermore, the thesis aims address the practical challenges and opportunities
associated with implementing energfficient urban design solutions in reabrld
contexts. This includes examining the role of policy frameworks, regulatory
mechanisms, technological innovations, skaltder engagement, and community

participation in driving the adoption of energificient practices at the urban scale.

This researcllsoaims to explore the relationship between urban design parameters
and energy efficiency in the context of smart eitigy reviewing the design methods
and parameters, analyzing existing modalsd synthesizing empirical evidence
through the literature revievenergy efficiencyrelated parameters are tested on the

case study site and smatrt city applications are proposed



The main r es e adowccén upan eesigni ponoiples iBe:usedi to create
sustainable and energyficient urban spaces in Mersin that are in alignment with
smart city paradigm€? Thi s research question i s
backgroundon which variables are effective and what approach should be

considered to create energfficient cities
Subquestions of this study are:
(1) What are the key urban design parameters to enhance energy efficiency?

(2) What are the main urban design priples to develognergyefficient 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

energyefficient urban spaces in cities?

(5) Whichsmart city technologies and applications canamplicable 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 stakeholdaussiningmore resilient,

resourceefficient, and livable urban futures.



1.4  Research Methodology

1.4.1 Introducing the Research Mettodology

This research aims to identify urban design parameters that enhance energy
efficiency within the framework of the smart city approach. The study focuses o
threeprimary areas: open spadriilding, and transportatiorA thorough literature
reviewis conducted to determine the parametergributingto energy efficiency in
eachdomain Following thishow smart cityapplications can be integrated to support
these parameters examined Examples of smart city applicatiomsridwide are
analyzed taunderstand 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 dhe chosen location.
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Figurel.1l. The Methodology Adopted in the Thesis

The methodology of the research presented in Figdrendludes many parts. The
first part isthe literature review that presents thaergy efficiency and smart city
concept. Ifocuses omurban design parameters and analyzes their std@ceénergy
efficiency. This part alsaeviews the smart city concept and its applications related
to energy efficiency. Following comprehension of both reakims, part analyzes
correlations andiraws deductions After revealingthe results obtainettom the
investigation othe best cases drsmart city applications in energy efficientyis

research focuses on the case study of Méhsough various analyseand seeks to



develop sggestion®n whichsmart city applicationsanimprove energy efficiency

in Mersin, taking into account theagticular 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 paraters 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. Examplaissmart city applications in the world were
collected and analyzed. These case studies provides insights into the practical
implementation and effectiveness of various smatrt city technologies and strategies.
The cases were analyzed to understand and sas®ee 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 examimedetail. The current urban
design and infrastructure were analyzed using the parameters identified in the
literature review. In light of the literature reviewhet thesis aims to reveal the
methods and technics of measuring energy efficiency in citiegake 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 proposalsdared the unique characteristics
and needs of the area, ensuring that the recommended applications were feasible

and beneficial.



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
accordancewith 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 typiaddan morphology, building types

and transportain networksin 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 aride 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 macresci&y, meso (district),

and micro (street or building blk(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 mettaodktechniques 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, inferenca® weade 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 typ&bhe second analysis examines thgpact

of shading on energy consumption across different seasons based on building
orientation in Yenikehir. In the third an
Neighborhood, located in Silitke, the ratio of the distance between buildings and

their heights \as examined. By applyg the formulaY ‘QFQIn the fourthanalysis,

the wind flow between buildings in a coastal site in Mezitli was examined. It was
investigated how the prevailing wind behave:

types and how it &Bcts the energy use and the movement of people inside the



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 two different neighborhoods of Erdemli. In &sas

6, which is conducted in threkfferent 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 Erdeméind 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). Anais 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 viealation.

Thesearea, where nine different analyses were conducted, sertbe basis for
applying and testing the identified smart city applications and eregfigient urban

design parametersn Analysis 1, a study is conducted based on parametdes un

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
fromthe 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 baded bterature
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.



15 Structure of the Thesis

This research consists of fivehapters including Introduction andoftlusion

chapters

Chapter 2explores 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 is 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,
transporation, and waste magement. fien 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 betwemrergyefficient cities and smart city
applications, elucidating how integrated approaches can optimize resource
utilization, improve infrastructure resilience, and enhance quality of life rwarnu

residents.

Chapter 3 delves into the pivotal conceptiBnergy 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 ewedfigyent

cities, elucidating their reliance on integratetian 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 envirartale impact. ally, it
scrutinizes key design parameters crucial for fostering ereffgyent urban
environments. Drawing upon global examples, the section showcases pioneering
initiatives and exemplary projects from around the world, elucidating siver

approaches to achieving engfficiency at an urban scale.
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Chapter 4 focuses on a comprehensive analysis of the designated case study area,
providing an indepth overview of its current state and contextual factors influencing

its urban fabric and engy dynamics. It meticulously examines the existing
infrastructure, soci@conomic conditions, and environmental challenges within the
case study area to establish a baseline understanding. Subsequently, the chapter
reflects upon the design parametersipertt 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 interventionseairat 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 effitieand livable urban

environments.

Chapter 5 is conclusion. A brief synopsis of the research is provided, evaluation of
the research's findingand suggestions argiven, and arguments for future

possibilities in terms of energgfficient urban design aexamined.

11
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CHAPTER 2

ENERGY EFFICIENCY WITH SMART CITY APPROACH

This chapter initiallyundertakes an analysis of the correlation between smart cities
and energy efficiencyfFurthermore, a comprehensive analysis of srods is

conducted.

Figure2.1 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 apdabsty

of integrating them with one another for their complete realization.

1 Sustainable Developmenis an approach to growth and human development
that focuses on meeting current needs without compromising future
generations, which includes energfficient strategies and smart urban
solutions (Yigitcanlar & Dizdamglu, 2015; Trindade et al., 201AImihat,
2022).

1 Smart Cities rely on technology and innovation to optimize urban living,
enhance resource efficiency (including &y, and ensureustainability
(Trindade et al., 20 Angelidou, 2014; Yigitcanlar, 2006; Almihat, 2022).

1 Energy Efficiencyis a key component of both sustainable development and
smart city initiatives, ensuring that energy consumption is minimized while
maximizing outpt, contributing to the werall sustainability of cities
(Nurulin et al., 2019; Almihat, 2022).

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

development.

13



Figure2.1. Interrelationship between SustaitalDevelopment, Smart Cities,

Energy Efficiencyand Urban Design

The area labeled "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 "2represents 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 efficiengithin the scope of Smartriergy among

smart city compoants Thesesolutions include:

Management of green spaces

Public bicycle systems

Smart HVAC (Heating, Ventilatiorgnd Air Conditioning) systems
Renewable Energy

Solar City

Pedestrianization

Zero-carbon City

Compact City Planning

Smart Meters

Public Transport System

Green Certified Buildings

=4 =2 =4 A4 A4 A4 -5 -4 A4 -5 -2 A

Energy Efficient Street Lighting

These technologies and strategies are designed to optimize energy consumption and
support sustainable urban developmeft.comprehensive review of each is
conducted inthe sectionunder 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,ghlighting its critical role in sustainable urban

development.

The ar ea Examiredthe ceatlife daflection of how urban design is
processed on the conceptssoktainable development, energy efficieaog smart

city. In this direction, differenanalyzes are made at different scafsce 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 studiegrtain 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 fieldssdut al

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 framewdrio(mar & Kawur, 2019; P
et al., D20).

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 chalenges, encompassing growing populations, climate change, deteriorating
infrastructure, and heightened energy requirements. Innovative;diieta

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

including energy consaption, resource management, andvienmental
sustainability (T.C¢ e v reeh,i rkci | i k ve Kkl im DejixkikIlifji B

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

areas. By 2050, the proportion of the glopapulation 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, wurban ai
total worldwide economic growth and contributearound 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 requeénts (European

Commi ssi on, 2020 as <cited in Patr«o et
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 Sustainabl e Devel opment is cruci al (P
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

erergy 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 @y is an urban paradigm that eétively 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, mustrpretations 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 roegego

of publications characterize the smart city as a predominantly techriologsed
approach, while another highly cited and influential document in the field, published
between 1992 and 2012 by Giffinget al. (2007), presents it as a harmonious
integation 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 consmption, population, business, governance, and other fadtars&(

Col e, 202 3,202@ Argelidoo, 2044; Giffiniger et al., 2007).

The many interpretations of "smart" have led to the emergence of other similar
phrases, including digital city, telligent 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 comeleonsensus and universally accepted meaning
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of the phrase "smart city" (Albino et| . , 2015; P, Sharnfic201%e t al

Moura & Abreu e Silva, 20)9Within the literature, other words are used to describe
comparable notions, such as "SmaryCitSustainable City", "Future City", "Green
City", "Resilient City", "EceCity", "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 theonatf "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 (Mardihs
2021; PatrSetoedl,20®1 ., 2020

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 element€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, Martinset al. (2021) asserts #t 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 oee@spf 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, 2819 Pat r « o;Madra& | . |,
Abreu e Silva, 2019 Broadly speaking, there exist twotegories 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 managementhndrie 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,

goverrance, and social inclusion, which are not determined by the ICT application

18
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but aim to establish the appropriate societal and institutional conditions for ICT
implementation (Albino et al., 201%eirotti et al., 2014Sharifi, 2019).

The European Commism (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 i n Patr«@®i teitesalar,e 2Qi0t)i éSsnaudi ng t €
i mprove t he management and efficiency
improvements encompass more smart urban transportation, enhanced water and
waste infrastructure, and more effective methods of lighaind heating buildings
(European Commi ssion as cited in Patr«o
comprehensive interpretation of the Smart City idea, where technology is regarded

as a facilitator for enhancing quality of life and reducing envirarial@egradation
(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 mobikty,aht
environment,Smr t | i vi ng, SnkaErEt agowertneadn dendo P(at r
The United Nations acknowledges that no standard definition for Smart City exists,
referencing the International Telecommunication Union (ITU)'s definition of a
"Smat 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
environmentsthe 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; I TU
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 letegm opportunities for cultural,
economic, and social development in a healthy, secure, thriling and dynamic
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ervironment (Smart Cities Council, 2015; Casini, 2017). A smatrt city is a city that

ensures:

T

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 decisioimmaking processes, the delivery of public and social
services, transparent government activities, and igallitstrategies 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 infrastruesy
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 Uon, 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, Sant Mobility, Smart Economy, and Smart Environment.

Additionally, Information and Communication Technologies (ICT) are highlighted

20



as supportive tools that provide smart organization and management tools to help

cities overcome the challenges they facecbgnecting and strengthening human,
resource,
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The Smart City Circle, created by renowned strategist Dr. Boyd Cohen, has the

potential to stimulate innovative concepts for smart cities due to itsfriessally

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

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

related to government, economics, environment, and thebeily of individuals.

The subsequent circle illustrates the significance of several foats in the
functional domain, such as health, transparency, green city design, efficiency,

alternative energy, priority for nemotorized transport, social inclusion, and so on.
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The last circle is an index that includes more. There are more thanridlflesthat

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 technologdriven city models dominated by the leadershigaofe

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,

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

technol ogy support to improve the city's quc:
city solutions have a citizen participation characterisfionen, 20147 . C. tevr e,

kehireiKklki m DejikikIliji Bakanl éjée, 2019a).
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The Smart City Structure in Turkey, as outlined in the 2B2P3 National Smart
Cities Strategy and Action Plan, publishég the Ministry of Environment,

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

Management and Smar t City Applications

Dej i ki klifji Bakanl éje, 2023).
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Figure2.4. Smart City Structure mentioned in the 22123 National Smart Cities
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Smart City Management and Applications within the scope of the Smart City
Strudure and Smart City Components defined under these competencies are as

follows:
Smart City Management:

Governance:lt refers to the actions taken to enhance, empower, and maintain city
wide leadership among the necessary stakeholders in the field ofGtieatit 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 atsloen

managing the successful implementation of these strategies.

Policy management:lt refers to the actions involved in establishing and executing
policies that establish the guiding principles for various aspects of the Smart City

domain.

Integrated Sevice 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 managementtt encompasses the processes of gamgrrplanning, 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
Technologiedo effectively manage waste, air, water, soil, and climate change. Its
primary goal is to ensure the lotgrm sustainability of the environment and
preserve the natural resources of a city. This is achieved through the implementation

of green city plannig 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 relatecetrusty 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 Technologié&s timeir 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 infrasteuctters to

the range of activities and services that are designed to enhance theingland
overall quality of life for individuals and society as a whole. These include areas
such as education, healthcare, culture, tourism, arts, sports, andssistnce.

Smart Building: Itis 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 efadfigient air

conditionng 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 contexi@rs 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 keygples 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 lotgrm sustainability.
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Smart Health: It encompasses a range of ajppsl 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:lt is a form of governance that facilitates quickaore precise,

and more efficient decisiemaking compared to traditional methods of public
administration. It incorporates principles of transparency, participation, and
accountability in various public administration processes, including analysis,

plaming, implementation, and poliapaking.

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. Infotiora 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, secum&erconnected, 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 higfficient 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, transportatiomfrastructure, and city administration within the context of

smairt 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 potentiaréutureats.

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
desgned 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 everjelayiiigate

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. Téyestems facilitate spatial
interactions across various sectors (T.
Bakanl éjeée, 2019b) .

Cities are increasingly combining smart growth strategies with advancing clean
energy initiatives to reduce the environmentgbact 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 establishd®%6 by the Smart
Growth Networld a coalition of governmental, business, and nonprofit

organizations:

1 Mixing land uses
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Compact building design

Diverse housing options

Walkable neighborhoods

Distinctive communities with a strong sense of place
Preservatiomf open space and critical environmental areas
Directing development toward existing communities
Offering a variety of transportation choices

Making development decisions predictable, fair, and-efisttive
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Encouraging smart infrastructure to exchange information with the

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

1 Utilizing technologies related to the resilience in the city to cope with the
meteorological phenomena related to climate change

1 Smart vaste 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 aci@stinside these urban areas.
Furthermoreit is a significant contributor to environmental issues in urban areas due
to its production from nosustainable sources. Consequently, the adoption of green
technology for energy generation in cities is crufdalattairing sustainability in
these citiesRees, 1996; Laffta & Arawi, 2018).

Technology involves applying knowledge to meet practical nedgigeen
technologies comprise a wide range of technological solutions that assist in
minimizing the negative &cts of human activities on the environment and promote
sustainable developmenthe key criteria for green technologies include social
equity, economic viability, and sustainabilithlthough there is no universally

accepted or internationally recogniziefinition of green technology, it is generally
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understood as technology that can significantly enhance environmental performance
compared to other technologighis concept isassociated witlienvironmentally

sound technology," a term from the UnitediiNias Conference on Environment and
Development's Agenda 21, though its usage has decheedrding to Agenda 21,
environmentally sound technologies are those that protect the environment, cause
less pollution, use resources more sustainably, recycle waste and products, and
manage residual waste more effectively than the technologies they replace (UN.
Department bEconomic and Social Affaird992; UN.ESCAP, 2012). Other terms
associated with green technology include clirsatert, climateriendly, and low

carbon technology (UN.ESCAP, 2Q13oni, 2015; Laffta & Alrawi, 2018.

Currently, the environment is rapidly approaching a critical threshold where we
would have caused lasting and irrevocable harm to planet Ebdfacts we are now
taking areleading 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 inmations that frequently encompass energy efficiency,
recycling, safety and health considerations, and the utilization awedsie
resources, and many mdfoni, 2015 Tomar & Kaur, 2019). Some of the examples

are he use of soil and urban transport, teasanagement 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 managemenhese technologies serve as tomsenhance 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 exhaustachagetl.
Green technology utilizes sustainable natural resources that are infinite. Green
technology employs novel and cuttiedge methods for generating energy. Green
nanotechnology, which incorporates green engineering and green chemistry, is a
cuttingedge 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 th#tthas the ability to efficiently alter waste patterns and
manufaturing 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,
environmentdy-friendly fabrics, ececonscious 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 recognizethe 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 onhe 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 prodgssaduct
innovations that produce little to no waste while enhancing resource and energy
efficiency. It also includes "enrdf-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 gfeen technologiesnclude the
application of environmental technologies for the purpose of monitoring and
evaluating, preventing and magwag 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 natwedurring 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 predoct 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 humainduced factors YN. Environment Programme, 2003;
UN.ESCAP, 201p

Different Ty pe of Green Technology Products

Green technology products are goods that imm@e 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 energyatgengroducts, 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 alternativeggrend 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 tonagn
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
chenicals 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 suastale 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 sety€lonsumers seeking

environmentally friendly technology items made from sustainable and recyclable
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components might consider inquiring about specific models that incorporate
recycled materials. Solgnowered charging devices for phones, laptops, andlgert
goods are highly sougdlatiter 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).

Table2.1 Sectors of Green Technolo@yN.ESCAP, 2012)

Agriculture Organic agriculture

Renewable energy technology
Energy

Efficiency technology

Recycling technology

Water and waste | Sewage treatment and solidwaste

management management

Water purification

Sustainable building material
Building

Building performance technology

. Rail transport
Transportation

Electric vehicle

Applications of Green Technology In Our Daily Lives

Solar Array: The solar cell is among the most wielown 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 reliamcon 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.

32



Therefore, fashionable reusable water bottles that can be refilled by oneself are

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

Solar Water Heater: Installinga 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 wpifiotovoltaic 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 expases 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 praf@hals 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. Mest kit
based generators will generate sufficient ele¢yrito offset just 1615% 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 irbarrel 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
energyuse 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 technolog@esigners 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 structurgsronabte

the wellbeing 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 sustainaifiemistry, 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, mcluding 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 cbmistry is frequently mentioned as a method of chemical

synthesis that aligns with the principles of green chemistry.

Green NanotechnologyNanotechnology encompasses the deliberate manipulation
of materials at the nanoscale, which is equivalent to ohertii 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 gmegineering

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
technologis, 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 peer 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 produckey 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 alsmntributes 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 collegRajasthan empowers villagers

by providing them with training on edaendly technologies such as solar cookers,
mud freezers, and sustainable agricultural techniques. The villagers have
independently constructed their own water storage facilities and ragedater
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 environmentablpms 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-b¥ #mes. Subsequently,

Delhi has seen consistent increase in the air qu&dpi, 2015).
Challenges to Green Techology Adoption

Green technology generallgnds to be more costly compared to the technology it
intends to substituteThis 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 welestablished technologythe advantages perceived also rely on
additional criteia, 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 oth&rmay be technological, financial, political,
cultural, or legal aspectsrom a company's standpoint, the obstacles to embracing
green technology include excessive implementation expenses, insufficient
knowledge, absence of viable alternative chemicalraw material inputs,
uncertainty regarding performance effects, and an absence of human resources and
expertiseSurmounting these obstacles is an intricate procedure. In order to promote
green growth, it is necessary to identify and eliminate the obsttEde prevent the

widespread use of clean technology in developing nations (Soni, 2015).
The Strengths oflmplementing Green Technology

The strengthsof implementing green technology include advantages such as
increased strength and resilience, as highlighted by Luken & Vamp&an(2008)
and UN.ESCAP (2012):

1 Compliance with strict product standards in foreign markdtmufacturers
in developing coumies often face the challenge of meetisgicter
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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greentechnology may provide exporting enterprisethva competitive edge
and increase their market share.

1 Reductionof production costsGreen technology can enhance production
efficiency by lowering input costs, energy expenses, and operating and
maintenance costs, thereby strengthening a company's titwvepstanding.

1 Enhanced environmental reputatidmplementing green technology can
bolster a company's environmental image, which is increasingly important as
competitors and consumers become more environmentally aware.

1 Preparedness for future environme regulationsCompanies 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 EnergyEfficiency

The implementation of green smart energy management is an ideal approach to
support sustainable developmday. monitoring and controlling energy production
facilities and consumption patterns, energy flow can be managed intelligently. For
an erergy management system to be truly efficient, communication between
consumers, production centers, and electrical devices is ess&himlenables
consumption levels to be effectively aligned with available energy production. Smart
energy management nohly 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 meesclsenluled tasks.

A "green smart energy management systmitally 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 ame@nkimulatiorbased
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

sequencesand other relevant infmation (Tomar & Kaur, 2019).

The nature and timing of power usage in smart cities will significantly impact the
reduction of carbon emissior®y 2030, conservative strategies in smart cities could
lower annual C@emissions in ta 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 tegemldtaly, 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 requgesea energy management
system (Tomar & Kaur, 2019).

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

interacting with energy resources.
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Figure2.5. Smart Energy Management Systéhomar & Kaur, 2019)

2.4  Renewable and Distributed Energies for Green Smart Cities

Approximately 706 of the primary energy from fossil fuel is loduring the process

of converting it into electricity (Lechner, 2015).
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Figure2.6. 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 generatiSmart cities will employ
renewabé energy sources such as solar geysers and water purifiers, leading to a more
environmentally friendly technological pnass, as depicted in Figurg ZTomar &

Kaur, 2019).

Figure2.7. Renewable Energy for the Green Smart Energ Management System
(Tomar & Kaur, 2019)
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Advantages and Disadvantages of Renewable Ener§purces

Table2.2 Advantages and DisadvantagefReinewabldnergy Sources i et

al., 2019)

Source of energy

Advantages

Disadvantages

Hydraulic energy

- It is non-polluting to the
environment

- Rapidly enter with aigh
need for substantial energ
- Can be rapidly giabled ir
certain circumstances
- The investment may &
utilized for energy
generation, as well as f
irrigation and flood contrg
purposes.

- The expenses associaj
with investing are substanti
- The overall duration of th
construction process is tim
consuming

- Water supply is reliant o
rainfall levels

- Dams alter the ecologic
dynamics of the lands in thg
vicinity

- Inundation of residentiz
areas and historical sites is
potential risk

Geothermal energy

- Ecofriendly

-  Water heating an
evaporation during pows
generabn do not requirs
fossilfuels

- It is a natural resource al

not reliant on foreigi
resources
- The dficiency is

exceptionally high
- The cost is inexpensiy
due to its direct availability

- Contans harmful chemicg
substances

- Requires renjection

- Consumed parts cannot
replenishedquickly or in the
same quantity

- Geothermal sources oft
release fluid that contasr
caustic and harmful materig
- The expenses associaj
with initial study and
preparation are substantial
- Ample available areas
necessary for dting and
mechanical operations

- Energy transmission m4
lack efficiency

- The system needs to
located near residential are

Wind energy

- A stable, dependable, a
consistent energy source
- Not reliant on externg
resources

- The cost per unit of energ

produced is decreasing el

- Turbines necessitaj
expansive spaces
- They are visually

unappealkg and aestheticall
disruptive

41



to advancements i

technology
- A renewable energ
source that generat

minimal pollution andhas
little environmental impact
- Wind energy can b
harnessed in 95% of tf
Earth's surface
Simultaneously, furthe
initiatives might be pursue
in these areas.

- They must be situated f
from residential areas nd
vulnerable rural communitie
- Urban centers and valle]
do not vyield optima
efficiency

- There are potential safe
concerns related to turbil
collapse or compone|
failure.

Solar energy

- It is a renewable ener
source

- Utilizes natural materials
- It is costeffecive

- It is not reliant on foreigr
resources

- Environmentally friendly
energy source.

- The level of efficiency i
poor

- There may be variations
productivity based ogeason]
and daily fluctuations

- The initial expense i
substantial

- The price isexorbitant for
customers

- Storage may be necessar
- The capacity decreases
shaded places.

Biomass energy

- The technology fo
production and conversic
are wdely recognized an
understood

- The lewel of light requirec
is minimal

- Capable of beingtored

- The method necessitate!
temperature range ofi 85
AcC

- It holds significant
socioeconomic value

- The eavironmental impac
is reduced.

- Low cycle efficiency

- Competes with agrictural
land

- High water content

- Suitable only for large urbg
areas.

Tidal energy

- The energy soue is
abundant and inexhaustib
- Helps reduce reliance o
fossil fuels

- It is environmentally

friendly

- Systems need to be locat
near residendl areas

- They can be affecte by
adverse weather conditions
- As a new technology
finding adequately traing
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- It creates employmeitechnical staff can b
opportunities challenging.

- Supplies ectricity to off
grid locations

- Enables the use |
technology 6r various
marinerelated tasks

- Converts saltwater int
freshwater and distributes
to needed areas

- Brings natural resourcs
from the seabed to tf
surface

- Ensures coastal protectic

2.5 Energy Efficient Cities and Smart City Applications

ASmart city solutions have to be enerjfident, costefficient, reliable,

secure,andsoono ( Ejaz et al ., 2017)

Innovative strategies and technologies employed by cities around the world to
enhance energy efficiency and sustainabpityvide opportunities that will enable

us to keep up with ttay's digital transformatioAs 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 qlity 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 systethgffective waste
managementin response to the need for eneggficient 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, teres, and other relatedlements (Gurjit & Kaur,
2020). Moreover, mart city applications rely on reéime 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, nefdh systems become
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more efficient, responsive, and aligned with the goal of impigpguality of life for
citizens Tomar & Kaur, 2019 These initiatives not only contribute to energy
efficiency but also foster economic growth, enhance public heaiith,promote
environmental stewardshifhis section will examine leading examples of these
smart city applications and their impact on creating more resilient, eréfrggnt

cities.
Management of Green Space

Definition: The strategic planninglevelopment, 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 physicathegtig, and
helps reduce urban heat islands, contributing to better energy efficiency and livability
in cities (Anguluri, 2017; Addas, 2023).

E x a mp Simgapore City, SingapoieCityinaGarden , A Copenhagen,
i Co p e n HBatcélomg Cityj Spairfi Superblocké , Melbourne, Australia
Urban Forest StrateqyAkabnén, 2023

Renewable Energy

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

such asunlight, 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 emissiores)sands a
sustainable eneygsupply for future generations (Tomar & Kaur, 2019; Sani et al.,
2019; Kaya et al., 2021N.ESCAP, 201p

E x a mp Vaalmn, Fréiburg PV Roof® ( Zeng, 2011)
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Public Bicycle

Definition: A shared transportation service thatvles 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 sytems reduce traffic congestion, lower greenhouse gas emissions, and
promote healthier lifestyles by providing aneattative to motorized transport
(Tekouabou, 202If . C. Wevkehircili k Bakanl éjée, 201

E x a mp lAmsserdamfi Netherlands Solar Powezd Bike Path ( Sodemsen) ,
Public Bicycle Rental mgrammepParis, France (UNHABITAT, 2009)

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

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

heating, cooling, andir 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
personalizedclimate control, minimizing waste, and improving overall energy
efficiency (Zhuang, 2020).

E x a mp Caopenhageil, DenmarkDistrict Heating System ( Retab 2016)
Solar City

Definition: A city that prioritizes the use of solar energy inifiSastructure 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 cardontprint, minimize energy costs, and
increase energy independence by relying on a renewable and abundant energy source
(Amado et al., 2016;8kheyl , 2011; Amado & Poggi, 2012; G

Exampl es: AGreen Solar City W¥&dzbwg Copenha;
Austicd ( Peder sen et al ., 2015) ASolar Regi on

Pedestrianization

Definition: The process of converting streets or areas within a city intérezar
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 traffelated emissions, promotes healthier
lifestyles, and revitaligs urban areas by encouraging social interaction and economic
activity (Soni & Soni, 2016; Brambilla & Longo, 1977).

Examples: fAPedestr i afUNGARITAT 2009 e , Busan, Kor
Zero-Carbon City

Definition: A city that aims to achieve reéro carboemissions by reducing energy

consumption and transitioning to renewable energy sources.

Usage: Zerecarbon cities implement strict environmental policies, promote green

infrastructure, and use carbon offsetting measures to neutralize emissions.

Why: This @ncept is critical in combating climate change, improving air quality,
and making urban environments more sustainable and resilienttie&-Azcona
2019; Seto et al., 2021).

Exampl e£ar bhdar §QIN-EABETAT) 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 spRedtricting urbarsprawl

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 begenerated and distributed more effectively in densely populated metropolitan

regions.

Why: It supports energgfficient lifestyles, conserves land, reduces emissions, and
enhances social cohesion by making services and amenities more acdgssible
makingthe streets weltonnected and walkablNewton & Rogers, 2020; Newton

et al., 2021Bibri & Krogstie, 2020alUN.ESCAP, 201

Exampl es: AAmst er damo, Bibrii & Krogstie, K020 0 , AP a
ACompact City Planni n¢lABITEBE 8083 ui ra, Mor oc

Smart Meters

Definition: Advanced metering devices that provide-teak 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 acaiely and identify areas for improvement.

Why: They promote energy conservation by providing users witkirealfeedback
on their consumption, encouraging behavioral changes to reduce waste (Zheng et al.,
2013; Ahuja & Khosla, 2019; Barai et al., 2018Y.ESCAP, 201
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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 privatewsegership 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

E x a mp Bus Rapid Transit Systemn Me (WN-HABITAT, 2009),
Green Certified Buildings

Definition: Buildings that meet specific environmental standards for energy
efficiency, resource conservation, and indoor environmental quality, often certifie
through programs like LEED (Leadership in Energy and Environmental Design),
BREEAM (The Building Research Establishment's Environmental Assessment
Method and DGNBDeut sche Gesellschaft f¢gr nachhal ti

Usage: These buildings use sustainatastruction materials, energyficient

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 occupdiM€ESCAP,
2012 Torcellini, 2006; Zeng, 201 1JRL22).

E x amp ISkkaeghai Tow& i n Shanghai, ABosco Vertical
Central P a (Tked).S.i GneenByildimgeCgunciR015)

Energy Efficient Street Lighting

Definition: Street lighting systemthat use energgfficient 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 illuminationlg/iminimizing energy

use.

Why: Energyefficient street lighting reduces municipal energy costs, decreases light
pollution, and contributes to sustainability goals by lowering carbon emissions
( Mgl I ner 2041 USAIB, 2@ 0;Bachanelet al, 2021).

Exampl es: AManchest e Cardiff Walialobe d fiKKiors g dAonng) edl ,
(USA) - one of the first cities to use LEDs on a large stale A Copenhage
( D e n maBadhgnelet 4|, 2021)
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CHAPTER 3

ENERGY EFFICIEN T CITIES

Energyefficiency plays a fundamental role in shaping modern urban environments.
As cities face increasing challenges related to rapid population growth, resource
depletion, and climate change, enesdlffjcient solutions have become crucial to
ensuring sustaindéd 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. Thighapter 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 Indud&@lolution, 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 inventioreahtire 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 (Sterargiéq,

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 wastevétow 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
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advancements aimed at reducing reliance on fossil fuels, such rawingpvehicle

fuel efficiency and introducing energaving 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 enagy-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).

Table3.1 Energy and PominentAreas of Use in Differentétiods(Newton &
Rogers, 2020; Newton et al., 2021

Economic waves

Energy and infrastructure
with technological
innovations

Transport and city
form

1780s to 1840s Industrig
Revolution

Waterpower 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 int
train systems, steel

Walking cities into
rail-based linear urba
development

1890s Great Depression
followed by Bele Epoque

Electricity, chemicals,
internal combusting engine|
coal and electric tram and
rain systems

Tram and trairbased
corridors

1930s Great Crash
followed by Keynesian
growth

Petrochemicals, aviation,
electronics, space, oil and
freeways

Automobilebased
urban sprawl

1980s DotCom
recession followed by
knowledge economy

Digital networks,
communications
superhighway and ICT
systems

Revival of urban
centres around
knowledgeeconomy

2020s COVID Collapse
followed by green
economy

Renewable energy, circula
economy, smatrt city,
electremobility, biophilic
urbanism

Relocalised centres,
smart, distributed
infrastructure, transit
activated corridors fe
by micromobility and
active transport
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Table 31 illustrates how each technological wave has influenced urban
development, from the compact, walking cities of the early industrial era to the
sprawling, caibased developments of the r#iith 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 socieeconomic and environmental challenges of its time. This shift is
particularly critical as cities today aim to address the pressing need for sustainability
and resiliene in the face of climate chanffidewton & 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 risengergy 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, theveoldavide 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 &ctdvézed 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 carbonfootprint, 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 withfhand 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 methiod$ecrease poverty. Efficient
spatial planning andnplementingaccessible transportation systems using cleaner
fuels are crucial for achieving energy efficiency in cities (Cohen, 2006h&tif,

2022).

Unlike the prevailing methods of improving energya@éncyon the local scale, the
energyefficient city embodies a cellular model of a salfficient city. This model
involves redesigning current urban areas and planning new urban expansions
minimizeelectricity consumption and encouraging the widesghadoption 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 moreniportant 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 (Coh2d06; UNHABITAT, 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 sigmfly contribute to the
accumulation of greenhouse gases in the atmosphere. In addition, they are very
susceptible to energy constranincreases in energy prices, and the adverse health
effects caused by exceptionally bad air quality. Urban residedévelopingnations

often face severe energy poverty, which limits their access to transportation and
urban commodities (Ebherif, 2022).

Although the energy transition challenges encountered by developed and developing
urban centersra essentially iderdal i to address the increasing demand for reliable

energy sources, eliminate polluting and inefficient industries and power systems, and



avoid development strategies that burden citizetis wgh transportation expenges
urban centers in developing cores 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 (W WWABITAT, 2009).

Contemporary urban environments are complicated and diverse. It is vital to create
comprehensive and unified energy strategies that will facilteleevingcity-wide

energy solutions. This involves evaluating and coordinating the sevetaspar
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 environmenigmar& Kaur, 2019).
The importance of effident energyplanning for cities

The use, variety, and insufficient eneypplyhave extensive consequencesdor

city's economic progressgcological weHbeing, and the impoverished population.

The combustion of fossil fuels for energy generation is the primatgrfissponsible

for the excessive presence of carbon in the atmosphere, leading to global warming.
Implementing sustainable energy and climate action plans decreases i e s 6
susceptibility to energy scarcity and price increases. Additionally, it redutées tr
congestion and lowers energy expenses. Furthermore, it improves air quality and
enables lowcarbon economies to gain a competitive advantage on a global scale.
When establishing a sustainable energy and climate action plan for cities in
developing cantries, it is crucial to prioritizes s e requiéements. This entails

prioritizing poorer families and small energy consumers-{IABITAT, 2009).

Patterns of urban growth (e.g., sprawl vs infill) result from thousands of independent
decisions about whette live, work, and shopased orattributes like crime rates,
housing affordability, and school quality (Manville & Shoup, 2005; Marshall, 2008).
These factorsféect urban energy efficiency. Planning for energy efficiency at an
early stage includes contespecific 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. Eneefficient urban planning offers

opportunities to enhanceehguality of urban lifeby providing spatial solutions

designd for a healthy and comfortablauiilt environment with minimum energy
consumption (EBherif, 2022). Therefore, energyficient design and urban

planning are the most cestfective wagto redice energy consumption of buildings
(MED-ENEC, 2013; ElSherif, 2022).

Urban growth patterns, such as sprawl and im&éBults fronthousands of individual
choicesaboutwhere to work, live, and shop based on fa¢teush as crime rates,
housing affordhility, and school quality (Manville & Shoup, 2005; MarshallD2n
These variables affeairban energy efficiency. Earstage planning for energy
efficiency include site selection, regional linkages, transportation structure and
type, main street layouand the predominant orientation of future projects, all of
which are contexspecific considerations. Energfficient urban planning presents
the chance to improve the urban life experience by developing spatial solutions that
prioritize a healthy andomfortable built environment while minimizing energy
usage (ESherif, 2022). In addition to improvinghe urban life experience,
implementing energgfficient design and urban planning is the most economically
advantageous approach to decreasinddingsd e n e r MED-&ENEE,2613;
El-Sherif, 2022).

A sustainable energgfficient path for cities requires energy action plans to
strategicallyensure the effective, efficient and sustainable use of energy resources.
The objectives of sustainable energy action planning include maximizing energy
efficiency, utilizing low or zerecarbon energy sources, and ensuring that energy
services are acceshbfair, and of high quality for users. Planning is conducted by
consideringthe wider implications for the entire economy, environment (with a
special emphasis on reducing carbon emissions), and society, rather than only
focusing on minimizing financiaxpenses. 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 redution 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 efficigncand demandide
management over suppbyde 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
HABITAT, 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\aags. 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 owoor comfort.

Promote energgfficient forms of transportation, such as (mass) public
transit and nommotorized transportation (such as biking and walking).
Encourage the implementation of methods that promote compact urban
expansion and higher urbalensities to ensure the economic viability of
public amenities and transportation systems.

Incorporate residential activities into mixede development and facilitate
the efficient distribution of services within close proximity.

Provide facilities for sshaded 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 emissiens (El
Sherif, 2022).

Table32Ener gy Efficient Urban Planning Approa

Principles Strategies Methods

Energy use reduction

Energy technologies
integration with city,
elimination of the lack of
M|n|m|2|ng the use of renewable energy

finite energy resources systems

Accounting for local
climates throughout the
process of building
design

The implementation of
regulations for the
development of
renewable energy in
settlements and their
enforcement
Establishment of
Energy Conservation measures and subsidieg
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 sustainabl
energy sources
Legislating and
enforcing climate chang
laws

Regulations for
enhancing energy
efficiency and promoting

Production and use of
renewable energy
sources

The establishment of
regulations and
fundamental concepts fq
ensuring compliance an
taking proactive
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measures to address
climate change

savings to manage and
reduce greenhouse gas
emissions

Creating and maintainin
current climate maps for
settlements

Reduction of pollution

Fair allocation,
conservation, and
improvement ofjreen
areas within
neighborhoods

Integration of preexisting
outdoor and green areaj
with one another and
with the pastures

Optimal use of
indigenous plant speciey
adapted to the local
climate

Development of urban
forestry

Installation of greenvall
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
inverntoryfor natural
resources, utilizing
values as a base for
spatial planning

Conservation and
expansion of agricultura]
land

The formulation and
design of energy
efficient development
form and structure for
settlement plans

Choosing the appropriat
placefor upperscale
decisionmaking based
on climatic
characteristics.

Reducing the effects of
the heat island
phenomenon
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Reducing issues related
to land infrastructure an
superstructure

Water Conservation

The use of systems that|
enable effective water
use

Enhancing the efficiency
of water resourcasage

Implementing legal
actions to optimize the
use and management 0|
water resources and
ensure compliance with
water management
regulations

Decrease in water usag

Efficient and
uncontaminatedse of
water resources

Waste Reduction

Advancements in
municipal governance
for waste management
and recycling

Development of waste
management and
recycling systems

Enhancing government
control in waste
management

On-site waste sorting an
utilization of recycling
technologies

Acessibility Ensuring

Development of
sustainable urban
transportation

Promoting the adoption
of public transportation
via strategic
transportation amhland
use planning

regulations and progran
that prioritize
environmental
conservation

Implementing tools and
systems for
transportation that
consume less energy

Reducing the number of
privately owned vehicleg
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3.3  Energy Efficiency in Urban Design

Energy is crucial for providing urban services, and its significamgbe examined

at various phases in the process of urban design (Bose, Zi6g. 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 demandsah ur

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 characterigdtheir material, form,
height, presence of green roofs, and treatmepplied tadhe facade and envelope.

The specific geometric configuration, compactness, and effects of urban shading can
impact energy demand by 10 to 20% (Eicker & Schumacher, 2Bt#hermore,

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 piidperty.
transportation system includes pedestrian circulation, public transit, private
transportation, travel time, cycling, and parking facilitidtso, the infrastructure
consists of a network of roads, sidewalks, and street lighting. The energy sector
focuses on the development and utilization of renewable energy soWaste
managemerfocuses on reduction, reuse, recycling, and environmentally responsible
disposal methods (Ragheb, 2022).

The application of theseconcepts differs significantly across various built
environments, influenced by distinct planning, social, and enanéactos. The
proposals for implementing these concaptdude: 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 energgfficient 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 foras comprehensive a planning approach as possible to aedergy
crises (Ragheb, 2022).

Table3.3 Policies in Urban Design and Planning that Enhance Endfayeacy

(UN.ESCAP, 2012)

Policy

Measures

Supplementary
Measures

Promote urban

Encourage the development
vacant or underutilized land
inside existing urban areas, ¢

Enhance the availability
and utilization of public
transportation

well as the redevelopment of
contaminated or abandoned
sites.

Promote the reduction of
private car usage

Facilitate the advancement o
vertical construction

Enhance cellular growth

development

compactness | Implement uniform density Enhance the capacity to
regulations throughout the y
: walk
whole city
Implement urban growth
Facilitate thegrowth and constraints to restrict the
expansion of urban areas
advancement of clusters
and prevent the spread o
urban sprawl
Enhance the availability
. . and utilization ofpublic
Implement mixeeluse zoning transportation
regulations :
Promote the reduction of
cellular private car usage

Provide development permits
Enforce regulations on the
location, dimensions, and
purpose of constructions for
new development, renovatior|
and commercial activities

Facilitate theavailability
of social services such ag
high-quality education,
recreational activities, an
affordable housing

Improvement of
slums

Promote the practice of
sharing land

Ensure the establishmen
of legally protected and
stable ownership rights tc
land

Facilitate the gradual and
systematic improvement of
infrastructure

Establish collaborations
with diverse stakeholdersg

62



Offer communitybased
mortgage options

Integrating land
use and
transportation

Create a comprehensive
transportation and urban
development strategy

Formulate strategies that
prioritize and promote the
development of public transit
systems

Encourage higher population
concentratiomear a major
transportation route

Implement demandide
management strategies
such as congestion
charges and parking
management.

Encourage the
development and
improvement of
pedestrian
friendly
environments

Encourage the development
roadways that prioritize

Enhance the availability
and utilization of public
transportation

pedestrians

Promotethe reduction of
private car usage

Advocate for the
implementation of urban

Promote compact urban
development

planning strategies that
prioritize carfree
development

Conserve open and gree
spaces

Oversee parking
operations

Restrict the number gfarking
places available in urban are

Enhance the availability
of communal parking
spaces

Incorporate parking facilities
with public transport systems

Incorporate parking into
mixed-use developments

Raise parking costs

Conserve and
maintain green
areas and open
public spaces

Enforce the implementation @
environmentallyfriendly
zoning regulations

Mandate the establishment o
urban agriculture practices

Encourage pedestrian
friendly communities

Compel the installation of
green roofs

Transform the existing naturg
resources into public facilitieg

such as parks and lakes

Encouragesocial and
economic activities
focused on open and
green places, particularly,
through the promotion of
ecotourism
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3.4  Design Parameters of EnergiEfficient Cities

AUrban geometry and energy use are closely linked ( Amado et al

The design parameters were classified under four main categories at first: open
space, building, transportation, and infrastructure. The parameters examined under
these categories do#ty 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 significantlyoim 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 operd spacte as

green infrastructure, construction and $portation networks. Therefore,
infrastructurerelated 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 outsidecdpe 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, tesnasportation. 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 eredfigyent city design.
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Table3.4 Design Parameters of Energjficient Cities

Parameters

References

Open Space

- Landscaping

- Urban Pattern/Urban Form

- Street (Ste)

LayoutOrientation

- Density

- Landuse Development

Wiseman et al(2020, Rao & Gupta(2020),
Hoeven (1982, DOE Office of Energy
Efficiency and Renewable Ener¢/995

Zhao et al(2017), Zeng(2011), Yin et al.(2018,
Silva et al. (2017), Ewing & Cervero (2001
Sharifi (201%), Newman & Kenworthy1999,
Okeil (2010, Wu et al.(2022, Chen(2011),
Santamouri$2017), Olgyay(2015

Emmanuel (1995, Hachem et al. (2012,
Jabareer(2006, Sharifi (201%), Bahgat et al
(2019, DOE Office of EnergyEfficiency and
Renewable Energy (1995, Wiseman et al
(2020, Lechner(2015, Santamourig2015
Knowles (1974), Zhu & Leibowicz (2020), K
(2013), Silva et al. (2017), Zhao et al. (201
UN.ESCAP (2012), Hachem et al. (201
Jabareen (2006), Newman & Kenworthy (198
Kanters& Wall (2014), Hachem, Athienitis &
Fazio(2012,G° ksu (1999)
Newman & Kenworthy (1989), Silva et ¢
(2017), Jabareen (2006), Ewing & Cerve
(2010), Woo & Cho (2018), Zhu & Leibowig
(2020), Zhao et al. (2017), Almansoub et
(2022)
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Building
- Densiy

- Building Height

- Roof Shape and Slope

- Orientation

- Spacing

- Shading

- Ventilation

- Building Type, Form and
Size

Leibowicz (2020),Steemers (2003)
UN.ESCAP(2012) Santamouri$2019, Ko
(2013), Zend2011), Emmanue(1995

Ko (2013), Zeng (2011), Hachem et al. (2012
DOE Office of Energy Efficiency and
Renewable Energy (1995), Huang et al. (202
Toja-Silva (2013) Silva et al.(2017)

Huang et al.Z024), Zeng, (2011), Morsali et al
(2021, Zhao et al.Z023, Ameer et al.Z016),
Mertens (2005 HachemVermette(2020,
Yasan (2011)

Ber k ° 719991 Siha et al(2017), Olgyay
(2015, DOE Office of Energy Efficiency and
Renewable Energ{1 995, Demircan &

G¢ |l t (@047, Morsaliet al.(2027), Sharifi
(201%), Hachem et a{2012), Zeng (2011)
Bahgat et al.Z019 |, Ber KI99H, et
Olgyay (2015), Sharifi201%), Demircan &
G¢ |t (@047) BEmmanuel (1995), Zeng
(2011

Lechner (2015)Heidarzadeh et a{2023),

L e g ®n y(2084t Koeal(2006)
Berk©°z et al. (1995)
Emmanuel(1995) Lechner(2015) Watson
(1989) Santamouris et. §001)

Hachem et al(2012) Jabareen (2006Y, ¢, ¢ e
(2015) Huang et al.Z024) Bahgat et al.
(2019) Zeng(2011) Barssoum etla(2020),
HachemVermette(2020) Tunal & (
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- Surface Aredo Volume Zeng(2011) Su(2008) Ko (2013) Song et al.
Ratio (SVR) (2020) Knowles (1974)

Transportation
- RoadDensityRoad Ratio | Newman & Kenworthy(1999, Ewing &
Cervero(2001) Shm et al.(2006) Wiseman et
al. (2020)

- Road Network Sharifi (201%), Silva et al. (201)] Ferreira et
al. (2019, Luin et al.(2017) Coiret et al.
(2020) Sun et al.2024)

- Connectivity Ewing & Cervero(2001) Marshall & Gong
(2009) Crane (200Q)Ewing & Cervero(2010)
Cervero and Kockleman (1998ilva et al.
(2017) Sharifi(201%), Wasatch Front
Regional Council (2037

- Centrality Sharifi 201%), Ewing & Cerverq2010) Silva
et al.(2017)

34.1 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. Stragic 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 reliancen 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 in@ddo develop energgfficient, 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 Ipedecrease 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 urbanizatn, the adoption of energpfficient landscaping practices

will be crucial for developing sustainable, l@mergy cities (Rao & Gupta, 2020;
Wiseman et al., 2020; Hoeven, 1982).

Effective solutions using landscape planting components, including treebs,shru
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. Insummer, 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 signdant 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/olves both evaporation and the release of water
vapor from plants, which cools the surrounding area. Green spaces like parks,
gardens, and treeed streets can notably decrease urban temperatures, reducing the
demand for mechanical cooling and conitibg 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 integrajnpermeable 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-Wwakersting 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 grsygfems 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 enhanedfithency 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 roofsalgdrdens,

and urban forestsan help combat éhurban 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 congtion for cooling in urban areas

(Rao & Gupta, 2020).
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Figure3.1. The shading capacity ofteee 5 contingent upon the configuration of
its canopy and the density of the shadow it produces (Hoeven, 1982)

If no windbreak is planted, plant a shrub
border to block setting summer sun.

Windbreak can be on a curve or rectangular
with the corners of the property.

ﬂ

Evergreens planted in a
windbreak will diffuse#
cold winter winds and keep

Summer terrace with shade tree;

low afternoon sun oft =’ !
waest and north walls in summer, T coolest area in summer.
Y T
e

Open trellis covered with deciduous
vines to keep south patio cool
and summer sun off walls.

Deciduous trees provide shade in summer on
south and west sides and keep sun off walls when
no trees are planted, Use a wide roof overhang on

east and west sides of house. . .
Low 4- to 5-foot wall provides protection

trom hot summer winds. e

- ~
- e _
- — -
- Path of winter SE" _ -

Figure3.2. Plant Configuration for Energy Efficiengiioeven, 1982)
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Table3.5 Classification of Vegetationdsed orPhysical Traits andunctionality
(Rao &Gupta, 2020; DOE Office of Energy Efficiency and Renewable Energy,
1995)

Name Physical characteristics Function/benefits

Ground cover| Usually reach a height of| Groundcovers used to preven

less than 0.5 m or stay at
that height. Typically, they|

grow a height of 1530 cm.

erosion and drought, while als|
enhancing the visual appeal of
landscape by filling the space

between larger plants and treg

Shrubs It is characterized as
exceeding 0.5 m but not

beyond 3 m in height.

Utilized for aesthetic purpose
as well as for buffering and

fencing on occasion.

Vines/Climbers  Vines are climbing and | They are utilized on manmads

sprawling plants. constructions such as trellises
pergolas, and balconies to shig
the horizontal and vertical
planes from the summsun.
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, o
a planter box featuring trailing
vines, provides shadeamd

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
fi
those from 6 to 9 meters a

cl assi ed ¢
categorized
treeso, whil
meters are designates

Abig tregeg

The persistence of tree shap
and foliage serves several

functions, including shade, win

protection, cooling, buffering,

and enhancing aesthetic valu

A mature tree canopy may
lower air temperatures by
around51 0 A F i n ¢

Trees with lower crowns are
best suited for the west side @
buildings, where they can
provide shade from the lower
angles of the afternoon sun. |
colder climates, trees should k
avoided on the southern side
solarheated homes, as the
branches of decidusurees
may obstruct sunlight during th

winter months.

Deciduous

Deciduous plants are thos
that entirely or substantiall)
lose their leaves throughot

the winter or dry season
remaining bare for a

duration, before new foliag

grows during the next

These trees provide shade in t
summer and permit sunlight ar
warmth in the winter. Utilize
deciduous trees to obstruct so
heat in the summer while

permitting substantial sunlight

throughout the winter.
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growing season, usually il Deciduous trees \h tall, wide
spring. spreading canopies can be

planted on the south side of
your home to offer optimal roo
shading during the summer

months.

Evergreen Evergreen plants maintain  These plants all have unique
their leaves yearound. leaves that can withstand
extremes of temperature and/
moisture loss. Evergreens ma
persist in photosynthesis
throughout winter or arid

conditions.

Figure3.3. A trellis supporting a climbing vine can provide shade for a rasile
while facilitating air circulation (DOE Office of Energy Efficiency and Renewable
Energy, 1995)
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Some suggestions/tips about landscaping:

T

Consciously select and position plants to alter sunlight and wind patterns
around the residence and outdoor attizones 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, largenaturing trees within 20 feet of the eastl west sides of

your home to provide shade.

Ensure your atconditioning 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 lolvranching tees 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 ak020).

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 oraw 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 anandlish heating expenses (Figure 3.4).
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NORTH =

Figure3.4. ProperlySelected and Placed Evergreen T(&3E Office of
Energy Efficiency and Renewable Energy, 1995)

1 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 Effieency and Renewable Energy,
1995).

Figure3.5. Evergreenshat Lift Winds without Shading Effe¢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

configuraton 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 forhtities 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 amountspfce 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 paosiig 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 irexliate 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 efféxst 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 influenceggneonsumption 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 energfficient cities within the smart city framework,
comprehending various urb&mrmsd such as grid, organic, radial, and linikas

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 aroundhe city (Lynch, 1960). The grid structure
enhances energy efficiency by improving land use, minimizing travel distances, and

promoting walking and cycling. Grilkke street networks enhance pedestrian and

76



transit accessibility by providing direct routesdaalternatives to higtraffic roads,
while also enhancing vehicle access by dispersing traffic and providing multiple
routes to destinations (Ewing & Cervero, 2001; Sharifi, 2D18Iso, Ewing &
Cervero (2001) point out that grids with narrow streetsrtsblocks, and traffic
calming measures are less conducive toddistpnce car travel, whereas grids with

wide, fastmoving roads and long blocks offer little benefit to pedestrians

Radial urban form comprises a central core from which streets arsit tramtes
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 coverging 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 lanalaisg 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 corrichmtuding smart

grids and higkspeed 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 roofereby 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 dedpcamgl the equator,

can create a linear, energfficient 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. Whilehis 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 distanceSonsequentlyirregular urban patterns can negatively
affect energy efficiencfWu et al., 2022; Chen, 2011).

Some suggestions/tips about urban form (Santamouris, 2011; Olgyay, 2015; Sharifi,
201%):

In hot and arid climates;

1 Creating a compact urban form by using narrow streets and tall buildings
where buildings are built close t@aah other. (especially compatible with
organic and grid urban forms) Buildings prevent overheating by shading each
other, thus reducing the need for cooling energy.

1 When planning street orientations in grid urban forms, placing buildings on
the eastwest «is in EastWest Oriented Streets. The north and south facades
of buildings receive less sunlight, allowing interior spaces to remain cool.

1 Designing open spaces and corridors that will direct natural air currents into
the city. This provides naturaboling 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;

1 Designing wide streets and squares that do not obstruct air flow. (Can be
applied in grid orradial forms) It provides distribution of humid air and
increases thermal comfort.

1 Creating water features such as water channels, pools and fountains within
the city and planning settlements along waterways in linear urban forms. It

reduces environmentemperature through evaporation.
In cold climates;

1 Placing buildings close and densely to reduce heat loss. It reduces the cooling

effect of wind and reduces heating needs.
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1 Designing buildings and main living spaces to face south. It provides passive
heatng by taking advantage of maximum sunlight. For example, planning
central areas in radial urban forms to benefit most from sunlight.

1 Using windblocking afforestation or building elements and using natural

topography and vegetation as windbreakers inrocgarban forms.

3.4.1.3 Street (Ste) 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 tendawee 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 miadihg 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 hesadiand 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 winde®d 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, taé buildings block
ventilation in these configurations. However, during winter, such street canyons can

enhance pedestrian thermal comfort (Sharifi, 2919

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 likestreet width and how much buildings shade each other and the street
play a significant rolén 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 canyonsjder 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 hdtroates 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, 201®). In hot, arid dimates, 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 (Balegal., 2019).

Solar Access and DaylightingThe 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, theedifoinishing
reliance on artificial lighting and heating. For instance, in the Northern Hemisphere,
eastwest oriented streets enable buildings on the southern side to receive optimal
sunshine, hence improving passive solar heating in winter (DOE @ffiE@ergy

Efficiency and Renewable Energy, 1995; Wiseman et al., 2020; Lechner, 2015).
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Figure3.6. EastWest Oriented ®eets (Lechner, 2015)

Thermal Comfort and Ventilation: Aligning streets with prevailgg wind
directions can enhance natural ventilation, reducing the need for mechanical cooling
systems and lowering energy consumption for air conditioning (Sharifi, o200
contrast, streets that are not properly oriented may block airflow, leadinger hig

energy demands for heating or cooling.

Urban Heat Island Effect: The orientation of streets affects shading and heat
retention in cities. Welbriented streets can help mitigate the urban heat island effect
by providing more shade during hot periodsd grermitting sunlight to reach
buildings during cooler times, reducing the need for enarggnsive cooling and
heating (Santamouris, 2015).

Optimizing Photovoltaic (PV) SystemsStreet designs that provide buildings with
maximum solar exposure increake feasibility of rooftop solar PV systems. In the
Northern Hemisphere, southcing roofs receive more sunlight, boosting the

efficiency and energy output of solar panels (Wiseman et al., 2020).

Avoiding Shading Effects: Proper street alignment reducesadbwing between
buildings, which is essential for optimizing solar energy production. Taller structures
should be positioned to the north to avoid casting shadows on shortef, solar
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integrated structures (Hachem et al., 2012; DOE Office of Energy Efficiemdy
Renewable Energy, 1995).

Urban Wind Flow Optimization: Aligning streets with prevailing wind patterns
can improve wind flow, making smadlcale urban wind turbines more viable. By
channeling wind effectively, these orientations can increase wind speedrtain
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, 2018; Jabareen, 2006):

1 Align streets and structures to optimize roof surfaces appropriate for solar
panel installation, often soufacing in the Northern Hemisphere.

Create open areas and street layouts that facilitate sufficient wind circulation.
Design streetanyons with suitable widtto-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 whichiiaye energy efficiency.

1 Orient streets to harness and direct prevailing winds, particularly in hot and
humid environments.

1 When designing street layouts in colder climates, consider using windbreaks
or orienting streets in a way that minimizes exposucl winds.

1 Inthe Northern Hemisphere, design streets to runveast (westeast in the
Southern Hemisphere) so that buildings can have daathg facades for
maximum sunlight. It improves passive solar heating, minimizing reliance on
artificial heatirg in colder months and lowering energy use.

1 Ensure that the heights of buildings and the spacing between them mitigate

excessive shadowing on neighboring structures.
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3.4.1.4 Density

Density, defined as the number of people residing within a given aceastfucted
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 ineceaensity. 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 hignsity urban development can lead t

the creation of more energfficient structures and communities.

Energy efficiency is greatly influenced by density. Hagnsity urban settings are

often more energefficient due to the close proximity of buildings, which minimizes

the surface area pgsed 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, @20; Ko, 2013). The "macro” characteristics of the
urban environment, including density and compacthagpically demonstrated by
clustered building patterns and increasing hefijfaie frequently linked to reduced
heating requirements during winter (Siletal., 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 & Leibp, 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 milegled (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 mobity (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 impergiarfaces 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
ervironment 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
densty 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 8%, respectively, in comparison to detached housing configurations.

The impact of density on energy consumption may be explained in two ways, as
outlined by G°ksu (1999):

1. When settlement density rises, buildings need to be more compact to
minimize heat los.
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):

1 Promote highdensity, compactmixeduse developments that integrate
residential, commercial, and recreational areas within close distances.

1 Facilitate the development of mufiiory residential and commercial
structures, which enable the use of centralized energy systems such as

combned 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 incorporatgedn 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 ofarious 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 (Siha.eR017). 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 emgaging 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 orcars 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 fo maintaining an energgfficient, 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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1 Minimizing the distance individuals must travel for woshopping, and
leisure activities, thereby diminishing dependence on energy intensive
transportation methods such as private automobiles.

1 Promoting public transit, cycling, or walking, all of which utilize
considerably less energy thamvatevehicle usagéAlmansoub et al., 2022).

1 Enhancing building energy efficiency, as mixese developments allow for
shared energy resources and infrastructure, such as heating, cooling, and

electricity systems.

In recent decades, urban planning has increasingly "unmoiged 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 sustainbdéieform, 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 activitieslatesewith 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):

1 Incorporate residerai, commercial, and recreational areas within the same
vicinity or nearby.

1 Design land use to optimize building orientation for solar access and natural
ventilation.

1 Include natural landscapes, parks, green roofs, and urban vegetation in land

use planning.
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i Strategically allocate land for the implementation of renewable energy
infrastructures, including solar farms, wind turbines, and geothermal
systems.

1 Organize land use to facilitate efficient transportation systems, encompassing

public transport, pedesam paths, and cycling networks.

3.4.2 Building

Through energyefficient building design, the following principles are aimed at:

1 Increasing energy conservation and reducing unnecessary heat gains and
losses,
Using passive and active air conditioning together,
Preventing atmospheric pollution, climate imbalancesd ecological
degradation,

1 Using more efficient and environmentally friendly renewable energy sources

instead of expensive and scarce febated resources.

The parameterhat are effective in the engrgfficient building design process can

be classified as the location of the building, buildapgcing building orientation,
building form, building envelopeshading,and natural ventilation system. Using
these parameters makegpdssible to design bidings as energy efficient through
passive and active systems (Demircan &

3.4.2.1 Density

In high-density developments, buildings frequergthare walls(party walls), which
minimizes the amount of exposed surface area. It reduces heat loss\dotrangnd
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 buses, owing to less surface area exposure. Additionally, higher building
density supports moreffective distribution of utilities like electricity, water, and
heating systems (UN.ESCAP, 2012).

Higher building density can exacerbate thdan 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 propmrtof 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 sudaato-volume ratiooften 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. Higke structures in cold climatanay 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 abilty 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 solacommunities. To address this issue, strategically organizing buildings
into clusters of varying heights is advisable. Facade design irrisghuildings is

also important. An effective approach might involve positioning the-risev
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buildings on the sunnside and the tall buildings on the shaded side to maximize
solar exposure for the lowse structures (Zeng, 2011; Hachem et al., 2012; DOE

Office of Energy Efficiency and Renewable Energy, 1995).

Taller buildings possess a reduced roof surface in oal#bi their overall floor area,
hence constraining the potential for rooftsgar photovoltaic (PV) installations

per inhabitant. Nevertheless, the facades of taller buildings have potential for
building-integrated photovoltaics (BIPV) (Huang et al., 202dng, 2011). Also, for

wind power, at higher elevations, wind speeds tend to be stronger and more stable,
making them suitable for harnessing with buildmgunted wind turbines (Toja
Silva, 2013; Zeng, 2011).

Buildings cannot maintain their volume lxpanding 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 themter of lowrise structures and
therefore increasing the quantity of highes is expected to enhance rooftop direct
sunlight exposure by diminishing the reciprocal shadowing effect across buildings.
This mechanism significantly prolongs the effectivalgit hours for photovoltaic
panels, resulting in a corresponding enhancement in solar power generating output.
Conversely, an increase in lenge buildings would reduce shadows on individual
structures but also could reduce overall direct sunlight exposn 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 systemarban

settings (Huang et al., 2024).

The examination of the effect of lerse building cooling energy consumption
reveals that a reduction in lerse buildings leads to an increment in the cooling
load. This increase is mostly because to less nawardilation among densely
situated higkrise structures and enhanced solar radiation exposure to the building

facades, which exacerbates inside temperatures. Additionally, a cluster of higher

89



structures may increase the urban heat island effect, condgqulacing additional
stress on cooling systems. Increasing -fise structures promotes improved
ventilation and diminishes the direct exposure of wide building surfaces to intense
solar radiation, so substantially lowering the corresponding energyeswrnits for
cooling (Huang et al., 2024).

Some suggestions/tips about Building Height (Ko, 2013; Zeng, 2011:Silo
2013):

1 The upper levels of taller buildings benefit from enhanced access to natural
light, as there is less obstruction from nearbyctmes. Integrate large,
energyefficient windows on these upper floors, and utilize light shelves and
reflective materials to enhance the penetration of sunshine into interior areas.

91 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.

1 Install buildingintegrated pbtovoltaics (BIPV) on facades and rooftops.
Also, install vertical axis wind turbines on roofs in areas with advantageous
wind conditions.

1 The building envelope of a tall structure is subject to diverse environmental
factors, such as wind and temperatuvethiations. Utilize double or triple
glazed windows with lovwemissivity coatings, and integrate thermal breaks
in curtain wall systems to mitigate thermal bridging. Also, implement
dynamic fa-ade systems that adapt shadin

1 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 thiurther 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 enefggng, 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 capson 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 buildigs. 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 mainta 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 energyaéhcy 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 satooth design® characterized by a succession of ridges
with dual slopes on each s#@lean 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 shasgxiged rof can result in a speag 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. Merté2806) also states that wind
turbines erected on spheskaped roofs can experience a maximum rise of 300%.
Traditional doublesloped (gable) roofs typically have one shaded side and limited
solar radiation exposure. To maximize solar energy efficienegjgders can
implement either singlsloped or asymmetrical doukbddoped roofs in new
buildings. A singlesloped roof is inclined totally towards the sun at an appropriate
angle, hence optimizing solar energy absorption. An asymmetrical dslopled

roof with a larger sutfacing slope collects more sunlight than a symmetrical deuble
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 tingegxcessive
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-fkame roofs are prevalent, facilitating attic spaces ttet be
insulated to minimize heat loss from the living areas underneath. By limiting heat
loss and optimizing solar gain during the winter, vagsigned roofs in cold areas
lower the amount of energy used for heating. Furthermore, optimizing the roof
surfece oriented towards true south increases solar energy generation in the Northern
Hemisphere (Morsali et al., 2021; Hach&fermette, 2020).

In hot climates, flat roofs are prevalent, minimizing the surface area subjected to
direct sunlight during peak solangles. 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 tgeprovide natural ventilation, which is
essential in hot and humid areas (Morsali et al., 2021; Hadtfezmette, 2020).

The roof's tilt angle substantially influences solar energy absorption, hence
impacting the efficiency of solar photovoltaic (PV) paneind 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 directidre Yeatround

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; HachenWer mette, 2020). A tilt aoptgnhle rangi
for most midlatitude regions, since it equilibrates solar energy absorption during

both summer and winter months. A greater
production in winter but diminishes it in summer, resulting in an approxintéate 7
reduction in annual energy generation af
selection of the tilt angle is essential for maximizing energy efficiency all year round
(HachemVermette, 2020).

Orientation refers to the angle between true south andotieohtal projection of a

surface's normal he orientation of the roofis also crucial. Roofs oriented towards

the south are optimal for optimizing annual solar energy production. When this
orientation is altered by isg0Ouledbyarounthe eas
5%; when it is altered by 60A, it can be
power generated demonstrates that during the summer months, orienting the BIPV
system towards the west (0W) or east (OE) yields electricity generd@bnist
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 90A si deovideamdree, whi
surface area for solar panels, resulting in higher energy generation compared to a hip
roof with a 45A side angl eVermétte edicatess ear c h
that energy production from a gable roof can exceed that of a hip roofinycasas

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 gble roofs. As seen in Figure 3alterations of the hip roof nde

achieved by varying the side angle, or the angle formed by the hip plane and the

93



horizontal plane. This angle mostly influences the regions of santhnorthfacing
surfaces (HachetWermette, 2020).

7 Side angle
7/

/ C
w
Figure3.7. The Representation of a Hip Roof together with Corresponding Tilt and
Side Angles (HacherVermette, 2020)

The surface area of a hip roof may be adjusted using different design approaches
(HachemVermette, 2020):

f Arectangular arrangementwitsai de angl e of 45A and a ti

agreatersouth aci ng surface area compared to

annual power generated is greater with

permitting higher annual average radiation per umiaar
1 A greater side angle permits an expanded sfadimg roof area. A gable roof
with a side angle of 90A is the ideal

side angle generates 40% less electricity than a corresponding gable roof.
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1 Split-surfaceroofs, dividing the soutfecing roof area into many planes with
varying tilt and orientation angles, have been demonstrated to enhance

energy capture yeaound.

Consequently, diverse roof geometries, including gable, hip, or complex multi
faceted design€an either increase or obstruct solar energy efficiency. fadéted

or inclined roofs enhance the surface area for solar panels, hence improving energy
production, particularly in regions with significant solar potential. Spirface or

folded plateroofs can be adjusted for various times of day or seasons based on their

direction and slope (Hachekermette, 2020).

Rectangular ShapesA crucial factor in designing a rectangular shape for enhanced
solar potential on roofs and facades is aspect rAfR),(which is the ratio of the
southfacing facade (or nortfacing in the southern hemisphere) to the perpendicular
facade. Figure8.8 illustrates that when the aspect ratio (AR) grows, the heating
demand diminishes due to the expansion of the buildsegtifacing 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 (Hacheviermette, 2020).

Angle between the

wings

Figure3.8. Aspect Ratio in Rectangular Shapes (Hach&ammette, 2020)
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Some suggestions/tips about Roof Shape and Slope (Morsali et al., 2021; Hachem
Vermette, 2020Yasan, 201}t

1 In hothumid climate regionslarge wndows with shading elements and
elevated or sloping roofs to provide naturahtrlation should be preferred.

1 In hotdry climateregiors, smalsized windows and flat roofs should be
preferred to protectdm the heat effects of the sun.

1 In temperate climates, large windows and insulated sloping roofs should be
preferredto provide natural ventilation.

1 In cold climates, small windows and insulated sloping roofs should be
preferred to reduce heat loss. Due to the possible high heat gairthfeo
south in the winter season, the transparency/permeability/openness ratio of

the south facade should be higher than other facades.

Hot and Humid Climates | Hot and Dry Climates | Temperate Climates Cold Climates

o
3

Figure3.9. Roof Shapes According to Different Climates

1 Solar radiatio impacting norconvex 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.

1 The quantity of shadg facades significantly influences heating load. It
diminishes heat gain owing to shade from several facades, in contrast to a
singular facade as observed in asHape configuration. Consequently, it is
recommended, particularly in residential buildingsigin, to minimize the

guantity of shaded facades oriented towards the south andmehr
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Figure3.10. Shading Facades ofshapeConfiguration(HachemVermette, 2020)

1 The angle between shading asithded facades may be adjusted to regulate
and influence seléhading through modifications of the basic geometry.

1 The envelope of nenonvex structures often possesses a much higher surface
area compared to that of a rectangular shape with the samarpkanThe
size of the envelope is directly related to an increase in heating demand.
Utilizing ideal southfacing windows (as a proportion of the south facade)
can mitigate this effect.

1 Integrate roof overhangs and other shading components to regulatecsala
gain. It obstructs higlangle summer sunlight while permitting leamgle
winter sunlight for passive heating.

1 In areas with abundant sunshine, modifying the roof angle to align with the
local latitude enhances solar panel efficiency. A typical dgueés that the
slope should approximate the latitude of the site to maximize solar gain. A
sl ope ranging from 3latifidetregiond. 5A i s ef f e

91 Steeper roofs optimize solar energy absorption in winter when the sun is
positioned lower in tl sky, but gentler slopes enhance energy capture in
summer.

1 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 expengddsese roof designs can also

support solar panels more efficiently.
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91 In colder areas, roofs with a sod#ting incline enhance passive solar

heating, hence diminishing the necessity for artificial heating. An angle of

45A for the r oogdsurshine exgosuselthrofighautwintert i mi z i n
1 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 durmger and

heating in winter by functioning as a natural barrier.
1 Curved or multifaceted roofs facilitate more effective wind movement

around the structure, potentially decreasing heating energy requirements by

reducing drafts. In regions with heavy windsof 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, andtyv@%is is a crucial factor that greatly

influences energy efficiency. Buildings can function as solar radiation and wind
barriers for each other (Berk©°z et al ., 199
solar radiation reaches each of its facadesiartidrn, how much space heating and

cooling is needed (Silva et al ., 2017; Ber
orientation and the layout of the streets may enhance natural light, heat gain, and

ventilation, hence decreasing energy use for heatingling, and lighting.

Moreover, it affects the capacity for incorporating renewable energy technologies,

such as solar panels (Olgyay, 2015).

Orienting streets in an easest direction and aligning the building's longest side to
face south (in the northehemisphere) 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 mitigatnexcessive heat in the summer by rejecting

overhead summer sun (DOE Office of Energy Efficiency and Renewable Energy,
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1995; Demircan & G¢ | t e kdisauth orignfed Btleets Co n v ¢

generally diminish the performance of passive solar heatidgcaaling 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. Northfacing windows receive less direct sunlight. Alsorth-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 excessate(hOE

Office of Energy Efficiency and Renewable Energy, 1995; Morsali et al., 2021).

Research indicates that an E#st (EW) orientation is advantageous in atd,
temperate, Mediterranean, and cold regions for minimizing building energy
consumptio. In such regions, the orientation of buildings along thewast axis,
contingent upon the aspect ratio, optimizes séating structures and enhances
winter solar heat gain. Owing to the sun's location in the sky, summer solar heat gain
is comparatiely less in relation to other orientations (Sharifi, 201@dditionally,
buildings should be oriented to decrease heat gain frorratmhe morning and
afternoon light in hot areas by reducing the area of east and west facing walls (DOE
Office of Energy Hiciency and Renewable Energy, 1995). In the northern
hemisphere, soutfacing facades should be prioritized to optimize solar benefits
throughout winter (Silva et al., 2017 East and west orientations accumulate
significant solar gains throughout summerereas nortfiacing 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. Nelesshe
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 th&drban Heat Island Effect (UHI) as it influences the shade

and venttation 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 ([EGDffice of Energy Efficiency and Renewable
Energy, 1995).

Figure3.11 The Orientation of Buildings and the Shade (Zeng, 2011)

Some suggestions/tips about Building Orientation (DOE Office of Engffgyency
and Renewable Energy, 1995; Morsali et al., 2021; Hachem et al., 2012):

T

Enlarge soutffacing windows to maximize solar heat absorption during the
shorter days of winter.

Align the building's longest facade in a nesibuth 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 ctiies.

In cold regions, optimize souflacing 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 accommodate seasonal fluctuations.
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3.4.25 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 facadesich 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 wirehd 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 decreasesb) (Berk©°z et al ., 199

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. Increpaeihg
enhances airflow and natural ventilation, advantageous in hot and humid conditions
for passive cooling (Sharifi, 20bR 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 btween 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 sesvadarrier 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 norsiouth diretion and the height of the building facing

the sun, as shown in FiguBel2. Proximity between buildings directly correlates
with how much they are influenced by the shadow cast by neighboring structures
(Zeng, 2011).

Figure3.12. 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 ofti@al 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 windmsweipacted considerably,

and the availability of solar access within the units is crucial for thebeglg of

the tenants. Spacing is also correlated with the presence of outdoor areas, which are
utilized by the public for either incorporating greenand 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
crucid 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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areat he si ze of which varies depending on t
radiation, the distance between buildings should be equal to or greater than the
maximum deth of the shaded area. Figurd3illustrates the depth of the shaded
areaofabul di ng on a horeta,d%5)al pl ane (Ber k?©° z

Figure3.13. Depth of Shaded Area of the Building in Horizontel 8 ne (eBer k° z
al., 1995)

To optimize direct solar radiation, the spacbetween buildings should lequal to
or greater than the maximum depth of the shaded area. The following factors

influence the determination of thistance (Olgyay, 2015):

The formula to calculate theegth of the shaded area {s\Olgyay, 2015):
6=cot(q ) O

Where:

T q is the profile angl e
f 'Ois the building height
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Some suggestions/tips aboutal 393 Zangyg ( Ol gy a\
2011; Sharifi, 2018):

Cluster structures to form protected areas.
Decrease building spacing in cold amiady areas to provide protection from
the predominant winds.

1 Increase the distance between structures to enhance airflow and natural
ventilation, hence fostering passive cooling in hot and humid regions.

1 Maintain enough space between structures to ahedawing of rooftops
and facades equipped with solar panels.

1 In cold and hot climates, the spacing between buildings should be between 1
i and 2 | ti mes the bui-3odth dirgctiomei ght (H
(Olgyay, 2015).

1 In temperate climates, thdistance should range from 2 to 3 times the
building height (H) in the Nor#$outh direction (Olgyay, 2015).

1 Guarantee adequate space to facilitate the penetration frigl® winter
sunlight, therefore warming the interiors of the structure.

1 Position stuctures 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 overhangkuvers, 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. OJégreffective 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 314 presents a tlweetical building within an urban layout, illustrating the
relationships between the Q, Qi, and Qh values and identifying the sdrfsicels

as roofs and building facadieshat can harness solar radiation. The illustration
shows the amount of solar irrad@ti 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 queeat 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 {fsun altitudeb - angle of an inclined plane) and

overshading (Leg®ny et al ., 2014).

built-up area

Qh

. ‘
area affected by shadow

built-up area

Qh

area affected by shadow

built-up area

Qh

area affected by shadow
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Figure3.14 Theor eti cal Model for Shading

During the summer, energy consumption increases significdnéyto the demand

for air conditioning. Shading is a crucial strategy in enaffigient 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 gdes in order to effectively control shade. Deciduous vegetation can also serve
as an effective shade factor (Lechner, 2015).

///1 Overhang South, east,  Traps hot air
_~_#  Horizontal panel or west Can be loaded by
= awning snow and wind

‘ Can be slanted

Overhang South, east, Free air movemnent
Horizontal louvers in west Snow or wind load
horizontal plane is small
Small scale
Best buy!
Overhang South, east,  Reduces length of
Horizontal louvers in west overhang
vertical plane View restricted

Also available with
miniature louvers

Overhang South, east,  Free air movement
Vertical panel west No snow load
View restricted

Vertical fin North Restricts view if used
on east and west
orientations

Vertical fin slanted East, west Slant toward north in hot

climates and south in
cold climates
Restricts view significantly
Not recommended

Eggcrate East, west For very hot climates
View very restricted
Traps hot air
Not recommended
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East, west View restricted but

sttractive tor low-canopy
trees

northeast

northwest

northwest Provides security

Figure3.15. Examples of Portable Shading Devices (Lechner, 2015)

Shading dewes, 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, wiih research indicating that savings of up to 50% in cooling energy

usage for specific shading equipment (Heidarzadeh et al., 2023).

The Eggcrate shading, comprising vertical and horizontal louvers, proved to be the
most efficient in minimizing both coolg 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 windowvall ratio (WWR).
Structures with high Windowo-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 WinddasWall Ratio (WWR) or integrating it with

external shading considerably enhances energyesitigi(Heidarzadeh et al., 2023).

WWR= 50% WWR=70% WWR= 90%

Figure3.16. Different Windowto-wall Ratios(Heidarzadeh et al., 2023)

Some suggestions/tips about Shading (Heidarzadeh et al., 2023; Lechner, 2015;
Leg®ny e;tkoca, k00§ 20114

1 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.

1 Organize hilding elevations and placements to facilitate reciprocal shade in
hot regions and optimize sun exposure in cold regions.

1 In hot regions, taller structures can cast shade on lower ones, hence
decreasing cooling requirements.

1 In cold climates, refrain fromituating tall structures to the south of shorter
structures so as to prevent obstruction of winter sunlight.

1 Utilize exterior shading equipment such as overhangs andraggsystems
to diminish cooling demands.

1 Improve shading geometry according to theilding's orientation and
window proportions. Utilize shade for sotfcing windows to regulate
summer heat gain and winter heat loss.

1 In hot regions, prefer horizontal louvers instead of vertical ones to obstruct

more direct sunlight at peak hesatervals.
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1 Evaluate the shading depth and the distance from windows to optimize
natural light entry while reducing solar heat gain.

1 Balance windowto-wall ratio (WWR) and shading strategies: an increased
WWR need more advanced shading solutions to avestheating 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,itsimulao usl'y compromi ses indoor a
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 systemmd 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 idimeat 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 press
pressure zones aacaround 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 sidgfessure zone). The openings in the + pressure zone

are called ventilationnlet openings, and those in theressure zone are called
vertilation outlet openings (Fig. 3.17 ( Ber k°z et al ., 1995).
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Figure3.172Vent i Il ati on I nl et and Outl et Opening

The compoents of the ventilation system include:

1 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 dependingeon th

domi nance of the wind (Berk©°z et al

Ventilation is crucial for maintaining thermal comfort. Establishing design criteria
for ventilation is challenging due to the influence of miclinatic elements, such

as topography, which are very partiauta each site. To achieve optimal results,
rules promoting energy efficiency must be adaptable, allowing for -tbfisle

between factors like orientation and window size (Emmanuel, 1995).

In the context of seaside developments, if the layout is perpeadioithe sea, with
blocks arranged parallel to the coastline, the matirnatic 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 amineys improves natural ventilation and

harnesses solar energy, hence indirectly decreasing energy use (Lechner, 2015).

Variousroof forms and slopescan 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 hoair, 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 ito the structure while allowing the expulsion of hot

air from elevated areas, hence enhancing passive cooling (Lechner, 2015).

(+) (=)

FLAT ROOF 1:4 SLOPE
/\ /(_)\
‘/\

(+) (-) (+) (=)

1:2 SLOPE 1:1 SLOPE

Figure3.18. The pressure on the leeward side of a roof is consistently negadit/

on the windward side it is contingent upon the roof's slope (Lechner, 2015).

Appropriatebuilding orientation and strategic window arrangementare essential
for enhancing natural ventilation. Structures designed to harness predominant winds
can conglerably decrease cooling requirements. Windows positioned on opposing

sides of the building facilitate crosentilation, generating airflow that inherently

111



cools the area. In hot regions, windows have to be oriented on the northern and
southern facades imitigate 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 shadevartdr sunlight necessitates
a building orientation with the long axis aligned#&west, as seen in Figure 9,1
which depicts the optimal range of wind directions for this orientation. Even with

eastwest winds, solar orientation often takes precedeaseayinds may be more
readily redrected than sunlight (Rige 3.20).

Figure3.19. Suitable wind orientations for optimal summer shading and winter
sunlight exposuréL_echner, 2015)

Figure3.20. Deflecting walls and plants can alter airflow direction to sustain
optimal sun orientatiofLechner, 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 stratg@psitioning of ventilation gaps on

112



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 set 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 pward airflow

1 Utilize double roof architecture to enhance ventilation within the building
shell

1 Arrange door and window openings in a way that allows for easy airflow
from the prevailing summer winds

1 Utilize wing walls, overhangs, and louvers to guide filogv of summer
winds into the inside of the structure

1 Employ louvered wall openings to achieve optimal control over ventilation,
and utilize roof monitors to facilitate "stack effect” ventilation.

T Orient new seasi de develoogimeemdtual t o
ventilation.

1 Position windows to facilitate airflow throughout the building, from one side
to the opposite.

1 Use high and low openings, like windows and vents, to create a natural "stack
effect,” where warm air rises and exits througharpgents while cooler air
enters through lower openings.

1 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.

1 Employ external shadgndevices 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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Figure3.21 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., 204@) te design of
a building affects its heat gains, losses, and the thermal capacity of its exterior

surfaces (Jabareen, 2006).

Figure3.22. Relationship between Buildingofins andSurface A ea ( 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 needsorrespond to summer days in the courtyard (Huang et al., 2024).

POINT BLOCKS SLABS COURTYARD L-SHAPE

Figure3.23. 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 engrgdemands. 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 buidjs 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. Thé&gcilitate 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. Resleaindicates 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 buildohgs a

increased roof coverage have the greatest potential. Theoptil@ized 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-i®& perimeter bick,

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 lowise 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 tecaurfaces. 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 cresstiation is not adequately
included. The easwest oriented slab structure with elongated facades oriented
towards true south could demonstrate greater efficiency in solar integration. In slab
neighborhoods, orientation significantly influences the energgnpal 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 andindow 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 cornersshapée 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 easttpprwesling
enough sunshine access throughout the day. This design facilitates a balance between
solar exposure and shading, hence diminishing heating and lighting energy
requirements. The-shaped configuration facilitates cressntilation, 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; Hachefwermette, 2020).

Point Block: Point blocks typically have a higburface-to-volume ratio (S/V),
indicating an increased outside surface area relative to ahtewlume. 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, theybsanp a
excessive heat from sunshingatural 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
stratgjic positioning of windows and balconies enhances eressilation,
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 diminishinghe overallsolar energy capacityin 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 structuresimt 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 Typ@&ri and size (Zeng, 2011; Huang et al.,
2024 Tuna)l e, 2012

1 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
l ong fa-ade 1 s posofthe prepading windodirectmk e ad v
to benefit from natural ventilation.

1 In hot and dry climate regions, courtyard forms should be used to minimize

heat gain and providghaded and cool living spaces.
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1 In temperate climates, a windproof, compressed (comfaet) should be
preferred in theeason when heating is required.
1 In cold climate regions, more compact and mlalyered forms should be

preferred to minimize heat loss

Hot and Humid Climates | Hot and Dry Climates | Temperate Climates Cold Climates

— |
D:?

Figure3.24. Building FormAccording to Different Climates

1 Employ stepped or taped architectural forms to mitigate wind loads and
minimize shadowing impacts.

1 Incorporate green infrastructure into courtyard, such as plants, to increase
thermal comfort and improve insulation.

1 Align slab structures in a norgputh orientation to optimize sun exposure
for passive heating and cooling strategies. Furthermore;gegbrmance
glass and shading equipment (such as louvers or overhangs) ought to be
employed on the eastern and western sidesitigate 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 surfaceto-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, i
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 type
whether singldamily detached or multifamify is inherently connected to this S/V

ratio. Although multifamily units and singleamily attached houses have shared
interior walls, the walls and roof of a singtmily detached house are entirely
exterior and vulnerable to external temperatures. A sifaghely detached unit
possesses a greatenface area and a higher surfdoevolume (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 ba toof or the sufiacing 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 adliesvs 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 resulisgreater 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 regios, structures with a high SurfateVolume 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 tempatures. 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 coglidemands (Song et al., 2020).

According to Knowles (1974), complex forms often have a greater sudace

volume ratio compared to larger and simpler structures.
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Figure3.25. Doubling the dimensions of aloe decreases its surfatmevolume
ratio but one half (Knowles, 1974)

Figure3.26. The shape of the form has an effect on its S/V ratio. Simple shapes

have lower S/V ratio (Knowles, 1974)

Somesuggestions/tips for Surface Area to Volume Ratio (SVR) (Knowles, 1974;
Ko, 2013; Zeng, 2011):

1 Choose geometries such as cubes or spheres, which exhibit the minimal
surfaceto-volume ratio (SVR). These shapes reduce the exterior surface area
for heat exchage. 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.
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1 Restrict window proportions in regions where thermal loss or gain is

problematic, and use energgfficient 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. Avell-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, increagi energy use. Strong centrality and connectivity

in urban planning encourage public transportation andnmotorized transport
modes, which are more energfficient than cadependent systems. Therefore,
optimizing these parameters is essential for ptomgo energyefficient

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 @sgengers, 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 transpiiota 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 characteristiag dhe 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 mitigais 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 theoselt 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 keyassumptions 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 afreent 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 maysars, 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, elidty 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 lighaty vehicles is
projected to rise to 1% by 2040. This is dugh@rising sales of new pltig electric
vehicles, which contribute to the overall lighity 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 welbalanced 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 RoadDensity/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 dsity 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.
Genaeally, it has been observed that energy efficiency tends to increase with a higher
road ratid t h at I s, as the proportion of road
energy efficiency improves. Conversely, as road deddigfined as the ratio of

road lengthp e r ur ban A& maeases( énendgykcomumption 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 hiding 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 ogpact 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 deaase 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 transportatiogfNewman & 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 exacerbatinguthan heat island effect
Increased temperatures in urban centers ramsgy 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):

1 Plan road networks with adequate density to provide connectivity while
discouraging excessive automobile usage, thereby decreasing transportation
energy consumption.

1 Dedicated road space to public transit, cycling, and pedestrian use to promote
a transition from private automobiles to more enegtiicient transportation
alternatives.

1 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 sigaiitly 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 iprtivide access to urban

services and amenities (Sharifi, 2019

Sidewalks and parking also have a significant impact on urban environments.
Parking availability in city centers should be diminiséigabtentially replaced with
tree® to encourage more susiable 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. Sidewal 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
broal boulevards (Silva et al., 20117

Road networks that are more di@atith fewer detours and junctiodsdecrease

travel distances and minimize idling, hence reducing fuel consumption. Moreover,
ecarouting methods guide cars along paths with reduced congestion and fewer stops,
thereby optimizing energy consumption (Ferreira et al., 2019; Luin et al., 2017).
Redundant roadatworks, with several alternative routes, provide better traffic flow
and enhance vehicle movement, hence decreasing energy consumption during peak
times or interruptions (Sharifi, 20P Road networks characterized by increased
junction density have beeshown 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 cangtion. Excessively high junction density may
result in increased stopping frequency and reduced speeds, thus undermining energy
efficiency in some scenarios (Sharifi, 20).9

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 requirébrakes 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. Thisncrease 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 vehiodmergy 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 consumpferreira 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 andaceeleration, resulting in higher energy

consumption.

Travel Time & Speed: Travel time is dected 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 delstggs, or heavy traffic
results in increased fuel consumption, hence adversely affecting energy efficiency.
Balanced traffic allocatiah where vehicular flow is disseminated more uniformly
throughout the roadway systéntan mitigate congestion and journeyration,
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
reduéng 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, reducespeeds, especially in crowded or stoptgo 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 at., 2024).

Some suggestions/tips for Road Network (Silva et al., 2017; Ferreira et al., 2019):

9 Strategically plan developments near transit hubs to promote public
transportation usage over private automobiles.

1 Create extensive sidewalks, secure crossargspedestrian areas to promote
walking.

1 Establish secure bicycle lanes and sufficient bicycle parking to encourage
riding as a feasible transportation alternative.

1 Guarantee that pedestrian and bike routes remain uninterrupted and link

significant locatns.
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1 Focus development on regions with existing infrastructure in order to
optimize the efficiency of road networks.

1 Minimize redundant curves and enhance the smoothness of transitions
between various road segments to preserve vehicle momentum and energy
decrease losses.

1 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 charastierthat impacts travel behaviors (e.g.,
Ewing & Cerverg 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,tlze 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 acknowledgethtneased
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 connentity
promote walking and other nanotorized transportation modes, hence enhancing
accessibility to urban activities through these means (Ewing & Cer26i®).
Cervero and Kockleman (1997) assert that gridded networks can function at a lower
level to enlance 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 bloclsizes. 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 levelsf davorable 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 previoustgassed density and diversity (Silva et al.,
2017; Sharifi, 2018).

The Cyclomatic number serves as an indicator of redundancy and the opportunity
for different routes within a network's connectivity. Networks with higher
Cyclomatic numbes common in gridike road networks, provide increased
circuits and redundancies, hence sustaining erneffgyent traffic flow during
interruptions. This contrasts with dendritic systems that lack redundancy and are

more susceptible to bottlenecks, resulting in poorggnetilization (Sharifi, 2018).

In addition, street connectivity emerges as a measurable term. Street connection is a
fundamental conceptestablishing a network of public routes with intersections that
provide effortless navigation. The fundamental deed 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 intersectiois. Cen be assessed by
examining t he Awor ko each i nt ecpote ct i on
intersection handles significant traffic flow, distributing movement across six
different streets. In contrast, a @é-sac, with only one connecting stregérforms
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 the second fundamental feature of street

connedwity & network density\(Vasatch 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 linkode ratio.The standards fohis index werebtainel from

the American Planning Association report Planning for Street Connectivity: Getting
From Here to Therélhis index represents the ratio of links within a specific area to
the nodes in the same area, indicating how effectimédysections 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 lengthdreétsbetween
intersections or dead ends, while nodes are points where links converge. There are
two types of nodes to detect and count: intersections and dead erds-aak are
included as dead ends). To calculate the connectivity index, divide thieenwf

links by the number of nodes, which includesthbintersections 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 intersectionvesers the fundamental unit of any
street network, the network's density is determined by the concentration of
intersections. Both the "linkode ratio" and "intersections per square mile" should
be as high as possible to achieve optimalnectivity and eargy efficiency
(Wasatch Front Regional Council, 2017

Some suggestions/tips for Connectivity (Sharifi, 201Silva et al., 201;7Wasatch
Front Regional Council, 20)7

1 Integrate redundant routes in transportation networks to avoid bottlenecks,
and faciltate uninterrupted and efficient vehicular movement.
Establish gridike street layouts to offer various routing alternatives.
Reduced block lengths enhance the frequency of junctions, hence enhancing
accessibility and minimizing travel distances.

1 Recognze and address deficiencies in pedestrian and bicycle infrastructure

to establish integrated networks.
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1 Build pedestrian and bicycle bridges across physical obstructions such as
roads or railways.

1 Position stations in higdemand locations to enhaneecessibility and
decrease reliance on private vehicles.

1 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 tseas the significance of particular
nodes or linkages within a roadway network (Sharifi, 2019

Central urban areas, frequently adjacent to the central business district (CBD),
generally demonstrate high levels of employment, services, and facilities. Thi
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 proxmity 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 applicabléo 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 polyceric 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 pubiransportation, 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 toésnergy usage. Individuals residing

at a walking distance of around 4800 meters from a transit station are more
inclined to utilize public transportation rather than driving (Ewing & Cervero, 2010).
Sharifi (201®) elucidates this scenario using thencept of closeness centrality.
Closeness centralityquantifies 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 higleeyseness 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 canhamce 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, deediminishing energy efficiency

owing to stopandgo traffic (Sharifi, 201B).

Straightness centrality denotes the directness of routes between nodes in relation

to the straightine (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 consuntn (Sharifi, 2019).

In addition, Pereira et a2013)calculated the Urban Centrality Index for different
cities. Two distinct morphological dimensions are proposed for analyzing urban
structure, which enhance our understanding of monocentric andeptiiggatterns:
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,vélues 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).

Sone suggestions/tips for centrality (Ewing & Cervero, 2010; Silva et al., 2017,
Sharifi, 2019):

1 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.

1 A high degree of centrality is advantageous when disseminated throughout
the network to avoid bottlenecks and facilitate uninterrupted traffic flow.

1 Nodes with high closeness centrality should be utilized to identify
transprtation hubs, emergency services, and commercial zones.

i Transform vacant or underutilized properties in central areas into functional
spaces. It optimizes the utilization of current infrastructure, hence

diminishing the necessity for energyensive growuh.

Table3.6 Effectof Parameters on Different Energy Fields

Building | Building | Energy | UHI Solar
heating | cooling | consump| effect | and wind
needs needs tion energy
related potential
travel
demand
OPEN SPACE
¥ Landscaping z z NA/ND z g
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Urban  Pattern/Urbal /7 917 917 z 917

Form

Street (Site)  y/Z y/Z y/Z % y/Z
Layout/Orientation

¥ Density z ¥ Z z NA/ND
Landuse Development|  9/Z 917 97 917 9/Z
BUILDING

¥ Density z z g NA/ND ¥

¥ Building Height 917 917 NA/ND g %
Roof Shape and Slope| /7 917 NA/ND | NA/ND 917
Orientation 917 917 NA/ND 917 917
¥ Spacing z z NA/ND y/Z y

¥ Shading g z NA/ND z z

¥ Ventilation NA/ND z NA/ND z g
Building Type, Form  9/Z y/Z NA/ND y/Z 9/Z
and Size

y Surface Area g ¥ ¥ NA/ND y y
VolumeRatio (SVR)

TRANSPORTATION

¥ Road Density/Roa( NA/ND | NA/ND Z g NA/ND
Ratio

¥ Road Network NA/ND | NA/ND ¥ ¥ NA/ND
y Connectivity NA/ND | NA/ND Z NA/ND | NA/ND
¢ Centrality NA/ND | NA/ND Z z NA/ND

y & increase/improvementZ & decrease/declingg/Z & possible tradeffs;
NA/ND o not applicable/not defined
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3.5 Energy Efficient Cities Examples Worldwide

Cities are transforming into energyficient urban areas by leveraging their unique
potentials and implementingarious strategies Efficiency and sustainability are
significant factors for all cities progressing in this directibmesestrategiesnclude
constructing buildings with nearly zero energy consumption, generating energy on
site using wind or solar power (as seen in Ma§&lyrin 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 cogeneratidiprovides

heat and hot water to homes and businesses from the excesSnmaatgridsseek

to enhance energy efficiency by monitoring and optimizing use, as well as
facilitating the integration of smadicale renewable energy sourcBelar power is
utilized for thermal collectors, as in the Vauban district of Freiburg, and for solar
photovoltaic panels in buildings in BolognEorino is currently developing smart

city projects, including retrofitting district heating networksTypically, these
initiatives ae undertaken with ambitious objectives to make cities carbon neutral,
either eliminating the use of fossil fuels or significantly lowering. @@issions.
Consequently, there is a significant focususingsustainable energy sources.,
renewable energylthough 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
structuresSgnificant distinctonsexist betweethe approaclksetaken in established
cities andnewly developed cities, such as Songdo or Masdar. These newly
established cities have the express goal of positioning themselves as locations where
energyrelated advancements would be implemented during the initial stages of city
development. In the casé 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 CitiesPLEEQ research initiativeconducted

across Europe, is one of the projectdocst energy efficiencyThe PLEEC project
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concentrates on the technological, creative, social, and structural abilities of
Europeammediumsized communities as they strive to become Energy Sditaas

Thei ni t i pairmarywlgettse is to enhance theeegy efficiency of European
cities. Hence, PLEEC employs a comprehensive approach to achieve a sustainable,
energyefficient, andsmartcity. The primary outputs of the project are Energy
Efficiency Action Plans for each of tHeLEEC partner cities, witthe objective of
strategically and comprehensively improving their energy efficiefiog.main goals

of thePLEEC project are tovaluate energygaving solutions and possibilities for a
comprehensive urban planningerdonstrate the higher efficiency of igtated
planning compred to individual measuresg\eelop a harmonized model for energy
efficiency planning that takes into @mnt critical aspects of cities, create action
plans to be presged to city decisioimakers anddentify the future research agkn

regarding energgmart cities (Kullman et al., 2016).

Some cities that stand out in terms of energy efficiency are given below.

351 Curitiba, Brazil

Thirty years agoCuritiba in Brazilimplemented a sustainable public transportation
system called the BusaRid Transit (BRT}o reducehe number of vehicles on its
roadways. Consequently, the BRT system in Curitiba has led to a 70% increase in
commuters using public transportation da®pnsequetly, the streethave become

less crowded and the air qualigdsignificantlyimproved, beniing the 3.8 million
people inthe 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 wherestkind of transportation isonsiderablyprevalent

(e.g. Amsterdam, The Hague, Copenhagen, Stockholm, Helsinki, London, Paris,

Vienna, Berlin, Barcelona, Hamburg, Freiburg etc.) (Tomar & Kaur, 2019).
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Figure3.27. Bus Rapid Transit (BRT$ystem 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,
leadingto reduced energy use aexpenses. Buildingwith zero energy usandno
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 constuctions 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 f@reservinghatural bird habitat. Organic agriculture

is used, and agultural irrigation depends solely on rainwater. Wastewater is

processed and recycled.

A zerowaste city is established by effectively processing and reusing 90% of waste.
Transportation is facilitated by vehicles powered by hydrdupgesed clean fuel,

136



while also advocating for a pedestdaniented transportation infrastructure
(Yel deéer é mMadakanaklRamaswardy2019.

i

eco farming
dentonstration

i
f CINES

@ vindrurbines
bird park /,
Ot
visitor attraction
future dongtan phases
future dongtan phases
secondarynodes
other nodes
zero emmidsions
road access -

Figure3.28. Dongtan EceCity Urban Wncept, Shanghai, ChifelRL5)
Intended Bpulation: 500,000 people, Project Date: 2080

Area:3000hg Yél dérém et al ., 2017)

Figure3.29. Dongtan EceCity Buildings with Green Roofs (URL5)

3.5.3 Fujisawa Smart City, Kanagawa, Japan

Fujisawa SmarCity is a smart city model that integrates renewable energy systems
such as solar panels, fuel cells, and energy storagecifjnggromotes energy
efficiency through smart home technologies, electric mobility options, and
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community solar syems, 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 sestistained energy supply. Buildings utilize cuttedpe
technology for energy generation, storage, and management.

The city employs smart infrastture 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 infrastructuretem.

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

automobilesand pedestrian transportation i S encou

Figure3.30. Fujisawa Smart City, JapdlRL6)

Intended Population: 3,000 people, Project Date: 2B

Ar ea: 19 ha 201Y)él derém et al .,

138



Figure3.31. Solar Panels Installed on Buildingp&topsin Fujisawa Smart City
(URL7)

3.54 City of Masdar, A Planned Oil-Free EccCity in Abu Dhabi, United

Arab Emirates

The city of Masdar in Abu Dhabi,ucrently under development since 2006, is
planned to be oifree. The ultimate goal is to achieve both zemdoon emissions

and zero waste by minimizing energy usage and maximizing energy efficiency. The
city's carbon dioxide emissions are stored undergto 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 atemvancluding

reusing inhabitants' wastewater to cultivate crops in enclosegsusttiient farms
that wil |l al so recycle their oAadekamat er
& Ramaswamy2019.

Buildings are restricted to a maximum of five sterie 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 harnessedeirirgatment
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 fanfissignificantly 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 citizerse(R010).

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 em@nted 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. Electig; gquipped with single
person cabins and autonomous driving technology, are employed for transportation.

These taxis operate on sustainable energy sc

Figure 333 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 powéor the facility (Zeng, 2011).
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Figure3.32. City of Masdar, A Planned GHRree EceCity in Abu Dhabi(URLS)
(being built in the desert nearby Abu Dhabi)
Intended Population: 50,000 people, Project Date6-2025

Area: 600 ha (Yéldéerem et al

Figure3.33. The PV Canopy in Masdar (URLS8)

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 pedefsigiadly city, with
walkable streets, 40% green spaces, and an urban density that foateigeastreet

life (Yigitcanlar et al., 2019).

Waste materials are used to generate electricity. Utilezation 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 gsgrenaire
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 cem#ibto
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 aeuse of wastewater lead to a
reduction in water use. An innovative wastalecting system has been created to
reduce the need for garbage trucks. This system directly transports residential waste

from buildings to waste processing centers for efficgamting.

Promoting pedestrian and bicycle mobility is encouraged, while public transit is
popularized. Utilizing electric vehicles has led to a decreased private car ownership
(Yel der & m Madakam& Ramas®athy2@15; Moura & Abreu e Silva,
2019.

Figure3.34. Songdo Smart City, South Kor@dRL9)

Intended Population: 252,000 people, Project Date: -2028

Ar ea: 610 ha (replenished area)
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3.5.6 City of Copenhagen, Denmark

Copenhgen has a substantial offshore wind farm, and more thaithodeof 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 drair(&rcadis, 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
enegy 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 dua@s wastd¢o-energy systems, solar photovoltaics and solar

thermal technologies.

The Copenhagen International School has the world's biggest solar facade, along
with several energgfficient technology and passive architectural elements. The
primary soure 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 globallgnd 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 zesrbon emissions status by totally
eliminating the usage of fossil fuels and leac 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 carbemeutral capital relying entirely on renewable energy sources
to meet its energy demand¥hprnbush & Golublasikov, 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 ehanced by integrating it with the subway network,

and there will be a strong focus on | mprovi
2017; Winter, 2019).

Figure3.35. City of Copenhagen, Denma(RL10)

Population:1,381,0002023)

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 environmeaéakelopment 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 &bigon, Grenoble stands out in the

race with its longstanding, 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 emssBioA5% 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%\enecovery 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 kggiality and constantly expanding
public transport network. The region has a network of approximately 50 bus lines,

five tram | i-anérsi,d ea nfda c2ill iftpiaerskd ( Schmel | er

Figure3.36. Grenoble, FrancdJRL14)

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 inheaiit and covering a land area of
115 kn?. 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, Vancounpleimented 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 siagnable 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 £€nissions in 2020 to a level Z3ower

than that of 2007, and by ensuring thlaé 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 poweavhich now constitutes the bulk

of the city's energy sources, along with other renewable sources such as wind, solar,
and wave powelWith its diverse topography and expansive landmass, Vancouver
has access to abundant renewable energy resources sumhassbsolar, 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, tiyeofiBritish 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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Figure3.37. Vancouver, Canad@RL15)

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 texclusively 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 constiomp 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 eneeffjcient 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
populationof 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 mi2000s, the city initiated a process of substituting its public
transportation systemwith 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 fo 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 Reykjavikisating 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 fremewable 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 alwomponent of

this transition.

The Reykjavik Municipal Plan 2032030 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 advancetnaf sustainable
public transportation systems, renewable energy, energy efficiencyriesudly
construction, district heating, pollution reduction, preservation of green spaces (with
approximately 90% of Reykjavik residents living within a fivénute 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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Figure3.38. Reykjavik, IcelandURL16)

3.5.10 London, UK

London started its endeavors to establish itself as a prominent participant in the realm
of energyefficient cities around the mi#000s. An initiative has been put into action

to transition 25% of power generation to more efficient and local sources. This wil
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-eigiission autombiles 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 effidigmigyeloping

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, whereeroly z
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emission vehicles can enter, have been planned in the city center to reduce
transportatiofrelated emissions and therefore air pollution. In this way, it is
envisaged that especially electric vehicles will be encouraged. The goals include
increasing Ladon'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.
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Figure3.39. London, UK(URL17)

Population: 9.65 million (2023)

3511 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 LEEPBxtified municipal buildings, increasing the

use of solar panels in existing buildings with renewable energy targets, starting buses

to run onalternative 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 workingforenr gy ef fi ciency in the past (T,
Dejikikliji Bakanl éjé, 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, accdahding to
American Council for an Energfgfficient 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 re@nt 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, witla greenhouse gdree 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 conscioustg. The implementation of the Van Ness Bus Rapid
Transit (BRT), the upcoming Geary BRT, and the emphasishikes for the City's

new bike lanes have significantly enhanced the City's reputation. San Francisco
recycles more than thrdeurths of the wast 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 naecyclable plastic bagand plastic toys containing
potentially harmful chemicals. (Samarripas, 2024, Yigitcanlar et al., 2019).
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Figure3.40. Van Ness Bus Rapid Transit (BRif) 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 atost 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 fbaked
alternatives. The city's objective to create a center that is -éae, 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 awarditax credits.

The heating system in Oslo relies on renewable energy sources for 80% of its
electricity, primarily biemethane derived from waste. Within the following decade,
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the city aspires to achieve a 100% increase in that statistic. The city hasenpdd
"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 lanégically 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'sguimeter. 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. Alsan 2019, the City of Oslo was awarded the title of European

Green Capital (Norwegian Ministry of Climate and Environment, 2021).

Figure3.41 Oslo, Norway(URL19)

Population: 1,086,000 (2023)
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3.5.13 Mal mo° , Sweden

The majority of Sweden's energy supply is currently derived from nuclear power.

Mal m®, the third biggest city in Sweden, h ¢
strategy to produce energyf f i ci ent resi dences. The city o
for 10,000 imabitants 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.

Mal m° set a goaéaT0% reduatidnlin its whwyidecchrbor v
emissions by 2030. Moreover, in accordance with the nation's objectives, the city

also anticipates achieving carbon neutrality in its governmental operations by 2030.

Mal m°® i s a | eadi ng de enegy.iThe shifthoerenéwialdel d o f re
energy is seen as a key element in attainingzeet emissions. The shift to

renewable energy is seen as a key element in attainingeretemissions. By

moving away from fossil fuels and replacing them with renewablércss,

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 far in their distribution of resources and opportunities.

Mal m® has pledged to achieve complete relia
sources across its community by 2030, surpassing Sweden's national target of

achieving 100% renewable energy by 204G Tty now possesses the world's third

| argest wind far m, which supplies el ectric
sustainability efforts include the utilization of both renewable energy sources and

recycled energy derived from waste incineration, wast frem industrial and

commercial activities, and heat retrieved from wastewater treatment.

I n 2018, fossil fuels accounted for 50% of
Energy Strategy for the period of 202030 sets a target for the city to reaclo@%

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 i n Mal m°.

Food waste is used for compost and the creation ofbjaghich is then utilized as

fuel for | ocal buses. Mal m° boasts sever.
wel | . I n addi ti on,-disMetd, incuding SemesRark locatadrin o U s ¢
the northern part of the city. Sege Park serves aslrefidential area and a platform

for experimenting with sustainable solutions. Climsttgart constructions will

complete the current structures, which will undergo improvements, resulting in the

creation of accessible and appealing new commercial aignéisl 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 owmtrition.

Resources for sharing cars and bicycles will be provided, along with facilities for
recycling local food waste. Along with Sege Park, Hyllie, AugustenborgCiyo

and The Northern Har bo udistriatsfin thd ity (bécalar e t h
Governments for Sustainability, 20A8ipri & Krogstie, 20208.

Figure342Sege Park in Malm° (City of Ma

Population:362,133(2023)
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CHAPTER 4

CASE STUDY: MERS KN AIMEDISTRISTS

This chapter presentbe analysis of the existing situatioh Mersinand its five
districtsin terms of smart energy use and smart city applicatibms.rationale for
selecting Mersin as a case study is explained by thoroughly analyaérgye
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 comprehensiagutiger
review. By analyzing the existing structure based on these parameters, smart city

applicatiors aresuggestedio increasesnergy efficiency.

4.1  Current Situation of the Case Study Area

Mersin, located within the borders of the Mediterraneagié in tle south of
Turkey, b selected as the study area (Figur.Mersin, a port city, is located
between3@ 7 A nort h F3a&btA teuadset Thkrotal garface atea of

the city is 15,853 kihand according to the end of 2022 ADNKS results, thes
eleventh most populous city in Turkey and has aifajon 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
southto north. While the lowest elevation in the area is at sea level, the highest
elevation is at 3,500 nThe province is not very rich in terms of rivers. The most

i mportant rivers of the province are the
the slpes in the plains close to the Mediterranean have% Olat slope, while
towards the Eastern Taurus Mountains there are slopes with a steep slo3@%f.20

The urban climate is under the influence of the sea on the coast and under the

influence of the entinental climate as you move away from the cdagjeneral, 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 iusnme r is 33AC, the dominant
Southwest, wind speed is 3nks and the average humidity is 57%defsin
B¢eyéekkehir Belediyesi, 2016

Figure4.1. Location of the Study Area Mersin (URL1)
The reasons for choosing Mersin as the study area are as follows:

1 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 agreat potential for solar energy systems due to its high sunshine

duration and suitable geographical location,
1 There are effective wind currents along the Mersin coastline. This situation

provides a beneficial environment for the formation of wind enelaytp,
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1 The region has a renewable energy plant potential due to the presence of
solar, wind, etc. renewable energy plants in the area,

1 Mersin is a city in the process of rapid urbanization. This situation provides
a suitable ground for pilot testing of nemmd energpefficient city design
applications,

1 Mersin's touristic areas and summer resorts offer opportunities for the
development of energgfficient building and infrastructure applications in
particular,

T The fact t hat t he ¢ ulkemoergy eoaidorrirethe on i s
Eleventh Development Plan (202923) of Turkey and the study area is
located in this corridor.

Especially the districts of Tarsus, Yeni |
surroundings, which are located in lkslope, lowand 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 Kingf Energy and Natural

Resources, the total annual solar radiation intensity in our country in 2022 was stated

as 1,527.46 kWh/mand the sunshine duration as 2,741 hours (URL2). A solar
radiation value of at least 4.5 kWHiis required for the efficiecy of solar power

plants. The radiation value# the Mersin region are very high in mountainous

regions (1802000 kWh/nt year) and 1700750 kWh/nt year in coastal areas

where the population is densely popul at e
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Figure4.2. Distribution of SolaPower Plants in Turkey (URL4)
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Figure4.3. Distribution of Wind Power Plants in Turkey (URL3)

4.2  Reflection of Design Parameters for TurkiyeCase

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 evaluaimn
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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 exhibi
distinct features when comparing the coastal areas to the interior areas. The research
area is the province of Mersin, which serves as a representative exanspiatifig

these variances (Figure 4.4). Figureifluttrates that regions along the cdastare
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 offiefd agriculture are also seen, but wiglss

prominence, in a mixed agricultural landscape.

Mediterranean Landscape
(Regional Scale)

(Coastal Zone)
|

-

Inland Areas

Pattern Features Processes Pattern Features Processes
Agriculture Deforestration Agriculture Agricultural Encroachment
Vegetation (e.g. forests) Agricultural Encroachment Residential Urbanization

Industries Erosion

Transportation Coastline Changes

Vegetation (e.g. macchia)

Figure4.4. Analysis of Landscape Patterns anddessefrom Coast tonland

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 compad 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 dominanc&he 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 elevatgrypically 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 libamd 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.

Deforestatiorprimarily occurdoy removing macchia ggetation.

In the pursuit of creating energyfficient 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,

examning how different urban design parameters affect energy efficiency across

five selected districts: Yeni kehir, Mezi tli
these areas, the study aims to provide insights into the relationship between various

parametes (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.
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SILIFKE ERDEMLI MEZITLI YENISEHIR

Figure4.5. Locations of the Selected Are@Soogle Earth was used as a base)

An analysis of the urban forms in the selected areas reveals that the grid urban form
predominates in Yenikehir, Mezitli, and
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

furt her inland, Silifke is situated aroun
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 frodettssy

urbanized coastal zones (Figure 4.6).
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Figure4.6. Urban Form Types of the Selected Aré@razzy Maps was used as a

base)XNumbers abovenages refer to areas ifgkre 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

buil ding orientation. This analysis reveal s
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 buil dings
positioned parallel to eadther 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 betwebnildings 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 contrasg tevelopment in Silitke and Mut is

characterized by a more irregular pattern and consists of-liseestructures.

YENISEHIR BUILDING CONFIGURATION TYPES
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Building Height: 15m
Spacing: 4m x 6m

Building Height: 33m
Spacing: 10m x 20m
Roof Area: 675 m* Roof Area: 468 m? Roof Area: Ranging from 204

Orientation: Parallel to each Orientation: Parcel based m? to 2100 m?
other Orientation: Parallel to each other

MEZITLI BUILDING CONFIGURATION TYPES

Building Height: 15m
Spacing: Ranging from 5m to 13m
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Building Height: 12m Building Height: Ranging from 30m  Building Height: 9m

Spacing: Ranging from 8mto  to 36m Spacing: 4m x 6m

61lm Spacing: Ranging from 22m to 63m Roof Area: Ranging from
Roof Area: Ranging from 160  Roof Area: Ranging from 676 m?® to 145 m? to 1515 m?

m? to 600 m? 2420 m? Orientation: Parallel to

Orientation: Parcel based Orientation: Parcel based each other

ERDEMLI BUILDING CONFIGURATION TYPES

o oy PSSR R X
\ [\ g\ gt y 4 ¢ Xy
PO Y CERE
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Building Height: 15m Building Height: 15m

Spacing: Ranging from 4m to Spacing: Ranging from 10m to 40m
3lm Roof Area: 836 m?

Roof Area: Ranging from 110 Orientation: Parcel based

m? to 908 m?

Building Height: Ranging
from 9m to 36m

Spacing: Ranging from
8m to 106m

Roof Area: Ranging from

Orientation: Parallel to each
other
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SILIFKE BUILDING CONFIGURATION TYPES
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MUT BUILDING CONFIGURATION TYPES
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Orientation: Parallel to each Orientation: Irregular

other

Figure4.7. Building Configuration Types of Selected Ard&hazzy Maps was

used as adse)

When examining the roof shapes for solar energy and green roof applications, it is
observed that almost all buildings have flat rodiggh-rise, dense construction
dominated byresidential complexewith poolsoffer a greater potential faolar
enegy compared tandependent apartment buildingshich presents an advantage

for Mersin In Silitke and Mut, which are located further inland, informal settlements
still exist, even if not along the coastal aréashese neighborhoods, individual solar
erergy use may not be very practical. However, residents could contribute to energy

efficiency by increasig urban greenery through urban agricultpractices in their
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gardensWhen looking at the roof formae Silifke and Mut hip and gable roof forms

areobserved.

Table4.1 Common Roof Shapes of the Selected Afgaagery from Google

Earth was used

Area Roof Shape Image Street View
_'_'__,_,_—'—'_"-H._\_\_\_R‘
MEZ KT %ii
FLAT
SKLKHF
HIP
MUT
GABLE
4.2.3 Transportation

A significant portion of Mersin's national and regional transportation, as well as
urban transgprtation, is carried out by highwagccording to the 2024 data of the
General Directorate of Highways, there are 1,475.3 krhigifways within the
borders of Mernis Province, including 157 km ofotomways, 483.3 km of state roads

and 835 km of provincial roads (URL21). Figure 4.8 shows the road networks of the
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