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Öz - Türkiye'de kamu projelerinde süre tahmini, projenin başarıyla tamamlanması açısından kritik bir rol oynar. Proje süresinin 

doğru tahmin edilmemesi, maliyet artışlarına ve zaman kayıplarına yol açabilir. Maliyet ve süre arasında güçlü bir ilişki 

bulunmakta olup, bu ilişkinin doğru modellenmesi proje yönetimi açısından büyük önem taşır. Yapay sinir ağları (YSA), 

karmaşık ve doğrusal olmayan ilişkileri modelleyebilme kapasitesi ile bu süreçte önemli bir araçtır. Bu çalışmada, Türkiye’deki 

25 kamu projesine ait maliyet ve ihaleyi yapan ilgili birim verileri kullanılarak yapay sinir ağı modeli ile süre tahmini yapılmıştır. 

Elde edilen sonuçlar modelin hızlı ve güvenilir olduğunu göstermektedir. 

Anahtar Kelimeler: Proje yönetimi, yapay sinir ağları, maliyet tahmini, süre tahmini, kamu projeleri. 

 

 

Duration Estimation with Artificial Neural Networks in Turkish Public Projects 

 

 

Abstract - Duration estimation in public projects in Turkey plays a critical role in the successful completion of the project. 

Failure to estimate the project duration correctly can lead to cost increases and time losses. There is a strong relationship between 

cost and duration, and correct modeling of this relationship is of great importance in terms of project management. Artificial 

neural networks (ANN) are an important tool in this process with their capacity to model complex and non-linear relationships. 

In this study, duration estimation was made with an artificial neural network model using the cost and tendering unit data of 25 

public projects in Turkey. The results obtained show that the model is fast and reliable. 

 

 

Keywords: Project management, artificial neural networks, cost estimation, duration estimation, public projects.
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1. Giriş 

 

Proje yönetimi, projelerin başlangıcından bitimine kadar 

olan süreçlerin planlanmasını, organize edilmesini ve kontrol 

edilmesini içerir. Kamu projelerinde, proje süresinin doğru bir 

şekilde tahmin edilmesi, kaynakların etkin kullanımı ve bütçe 

aşımının önlenmesi açısından kritik bir öneme sahiptir. Süre 

tahmini, aynı zamanda proje planlamasında ve karar alma 

süreçlerinde kilit bir rol oynar. 

İnşaat sektörü, yapısı gereği son derece karmaşık, değişken 

ve rekabetçi bir alandır. Bu sektörde karşılaşılan zorluklar, proje 

yönetim süreçlerini ve verimliliği önemli ölçüde etkileyebilir. 

İnşaat projelerinin karmaşıklığı ve sektördeki rekabetin 

yoğunluğunun, yöneticileri sürekli olarak yeni çözüm 

arayışlarına yönelttiğini belirtmektedir. İnşaat projeleri, sürekli 

değişen koşullara uyum sağlamak zorunda olan çok bileşenli ve 

uzun soluklu süreçleri içerdiği için, geleneksel yöntemlerin bu 

zorluklarla başa çıkmakta yetersiz kalması olasıdır. [1] 

Geleneksel proje yönetim yöntemlerinin ve veri analiz 

yaklaşımlarının, modern endüstriyel üretimin ihtiyaçlarına artık 

cevap vermediğini vurgulamaktadır. Bu durum, verimliliğin 

azalmasına ve projelerde maliyet aşımları, süre uzamaları gibi 

sorunlara yol açmaktadır. Geleneksel yaklaşımlar, projelerin 

karmaşıklığını ele alırken yeterince esnek olmadığından, 

değişen piyasa koşulları, tedarik zinciri aksaklıkları veya teknik 

zorluklar karşısında projenin başarısını sağlamakta yetersiz 

kalmaktadır. [2] 

İnşaat projelerinde, yapım süresinin uzun olması, program 

gecikmeleri ve proje başarısızlıkları, karşılaşılan başlıca riskler 

arasında yer alır. Dinh ve arkadaşları [3] ile Li ve arkadaşları [ 

2], proje yönetiminde risklerin etkin bir şekilde yönetilmesinin, 

projenin zamanında ve bütçe dahilinde tamamlanmasında kritik 

bir rol oynadığını vurgulamaktadır. Proje yönetimi, her bir proje 

özelinde ihtiyaç duyulan bilgilerin etkin şekilde işlenmesini ve 

karşılaşılan problemler için stratejik çözümler geliştirilmesini 

içerir [2]. Başarılı bir inşaat projesi yönetimi, risklerin erken 

tanımlanması ve etkili bir şekilde ele alınması ile doğrudan 

ilişkilidir. 

Son yıllarda, yapay zeka (YZ) teknikleri, inşaat sektöründeki 

bu zorluklarla başa çıkmada önemli bir çözüm olarak öne 

çıkmaktadır. Darko ve arkadaşları [1], yapay zekanın diğer 

sektörlerde olduğu gibi inşaat projelerinde de karmaşık ve zorlu 

problemlerin çözülmesine yardımcı olabilecek bir araç 

olduğunu belirtmektedir. Yapay zeka, büyük veri analizi ve 

tahmin modelleriyle, projelerin daha etkin yönetilmesine olanak 

sağlar. Örneğin, inşaat projelerinde süreçlerin daha hızlı analiz 

edilmesi, risklerin daha doğru bir şekilde tahmin edilmesi ve 

olası gecikmelerin önceden öngörülmesi, yapay zeka tabanlı 

sistemler sayesinde mümkün hale gelmiştir. 

Yapay zeka tekniklerinin, proje performansını artırmada 

önemli bir rol oynadığını, özellikle zaman ve maliyet 

tahminlerinin doğruluğunu geliştirdiğini göstermektedir. Bu 

tekniklerin kullanılması, insan hatalarının azaltılması, veri 

odaklı karar verme süreçlerinin iyileştirilmesi ve projelerin 

genel başarısını artırmada önemli bir potansiyele sahiptir. [4] 

Sonuç olarak, inşaat projelerini yönetmek için yapay zeka ve 

makine öğrenmesi gibi yeni tekniklerin uygulanması, geleneksel 

yöntemlere göre daha fazla avantaj sağlamaktadır. Dinh ve 

arkadaşları [3] ve Li ve arkadaşları [2], yapay zeka tabanlı proje 

yönetim araçlarının inşaat projelerinde risklerin etkin 

yönetilmesi ve genel verimliliğin artırılmasında büyük önem 

taşıdığını vurgulamaktadır. Bu tür yenilikçi yaklaşımlar, inşaat 

sektöründe rekabet avantajı elde etmek ve projelerin başarı 

oranını artırmak açısından kritik bir rol oynamaktadır. 

Kamu projelerinde teklif veren yükleniciler, doğru bir 

maliyet analizi yapıp proje süresini isabetli bir şekilde tahmin 

ederek, projedeki riskleri en aza indirme şansına sahip olurlar. Bu 

nedenle, mühendislerin hızlı ve doğru süre tahmini yapabilmesi, 

ihale süreçlerinde stratejik avantaj sağlar. Geleneksel tahmin 

yöntemlerinin yerini, yapay zeka (YZ) tabanlı yöntemler almakta 

ve bunlar daha hızlı ve isabetli sonuçlar sunmaktadır. Bu 

çalışmada, yapay sinir ağları (YSA) modeli kullanılarak, 25 

kamu projesinin maliyet ve ihaleyi yapan ilgili idare verilerine 

dayalı süre tahmini yapılmıştır. Modelin girdisi maliyet ve 

ihaleyi yapan ilgili idare verileri olup, çıktısı proje süresidir. 

2. Yapay Sinir Ağları 

Yapay sinir ağları, insan beynindeki sinir hücrelerinin 

bilgisayar ortamında matematiksel modelleridir. Kullanılan 

öğrenme algoritmaları, klasik bilgisayar algoritmalarından 

farklıdır ve insan beyninin sezgisel yeteneklerini yansıtır. Bu 

nedenle, yapay sinir ağları zaman serisi analizi, optimizasyon, 

sınıflandırma gibi alanlarda yaygın olarak kullanılmaktadır [5]. 

Yapay sinir ağları, öğrenme ve keşfetme yeteneklerini 

otomatik olarak gerçekleştirmek için tasarlanmıştır. Geleneksel 

programlama yöntemleriyle bu işlemlerin gerçekleştirilmesi 

zordur. Bu nedenle, YSA’lar genellikle programlanması zor olan 

durumlar için geliştirilmiş bir disiplin olarak görülmektedir [6]. 

Sonuç olarak, yapay sinir ağları, biyolojik sinir sistemini 

taklit eden etkili bir modelleme tekniği olup, veri sıkıştırma, 

tanıma ve tahminleme gibi birçok alanda kullanılmaktadır. 

Geleneksel yöntemler, eksik veya hatalı verilerde sorun 

yaşarken, YSA’lar karmaşık ilişkileri öğrenme ve genelleme 

yeteneğine sahiptir [6]. 

2.1. Yapay Sinir Ağları Genel Yapısı 

Yapay sinir hücreleri, yapay sinir ağlarının (YSA) temel 

bileşenlerini oluşturarak belirli bir düzen içinde bir araya gelirler. 

Bu yapı, genellikle üç ana katmanda organize edilir: girdi 

katmanı, ara katmanlar ve çıktı katmanı. Girdi katmanı, dış 

dünyadan gelen verileri alır ve bunları herhangi bir işlem 

yapmadan ara katmanlara aktarır. Bazı ağlarda bu katman 

yalnızca bilgi alımı yapar. Ara katmanlar, girdi katmanından 

gelen verileri işler ve çıktı katmanına iletir. Bu katmanlar birden 

fazla olabilir, bu da ağın karmaşıklığını artırarak daha derin 

öğrenme yetenekleri sağlar. Çıktı katmanı ise, ara katmandan 
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gelen bilgileri alarak belirli bir girdi setine karşılık gelen çıktıyı 

üretir ve bu çıktı dış dünyaya gönderilir [6]. 

Yapay sinir ağları, farklı kriterlere göre sınıflandırılabilir. 

Bu sınıflandırmalar arasında ağın yapısı, ileri beslemeli 

(feedforward) veya geri beslemeli (feedback) olması, ağırlık 

matrislerinin simetrik veya asimetrik oluşu, ağırlık değerlerinin 

sabit veya değişken oluşu, ağda yer alan düğümlerin özellikleri, 

kullanılan eşik fonksiyonu, düğümlere uygulanan değer türleri 

(analog, ikili veya sürekli) ve eğitim ya da öğrenme kuralları yer 

alır [8]. Bu yapılandırmalar, yapay sinir ağlarının farklı 

problemlere uyum sağlamasına olanak tanır. Özellikle, girdi, ara 

ve çıktı katmanları ile karmaşık verileri işleyebilme yeteneği, 

YSA'ların birçok alanda, özellikle makine öğrenimi ve yapay 

zeka uygulamalarında yaygın olarak kullanılmasını mümkün 

kılar [7]. 

Basit bir yapay sinir ağı modeli, Şekil 1'de gösterildiği gibi, 

girdi ve çıktı katmanlarından oluşan temel bir yapıdır. Bu ağda, 

her bir girdi birimi (X), çıktıya ulaşmak için kullanılırken, her 

ağın bir veya daha fazla girdi ve çıktı üniteleri bulunmaktadır. 

Çıktı üniteleri (Ç), tüm girdi üniteleriyle bağlantılıdır ve bu 

bağlantılar, her bir girdi ile çıktı arasındaki ilişkiyi belirleyen 

ağırlık değerleri (W) taşır. 

 

Şekil 1. Yapay sinir hücresinin yapısı [7] 

2.2. Yapay Sinir Ağları İle İlgili İnşaat Projelerinde 

Yapılan Çalışmalar 

Yapay Sinir Ağları (YSA), inşaat projelerinin yönetimi ve 

analizinde önemli bir rol oynamaktadır. YSA'nın, karmaşık veri 

setlerinden öğrenme yeteneği, inşaat mühendisliği alanında 

çeşitli uygulamalara olanak tanımaktadır. Özellikle, projelerin 

süre ve maliyet tahminleri konusunda YSA'nın kullanımı, 

geleneksel yöntemlere göre daha hızlı ve doğru sonuçlar 

sunmaktadır. 

Arslan ve İnce [9] tarafından gerçekleştirilen çalışmada, 

YSA kullanılarak tek eksenli bileşik eğilme altındaki betonarme 

kolonların donatı hesabı incelenmiştir. Çalışmada elde edilen 

sonuçlar, yapay sinir ağlarının bu alandaki uygulamalarında ne 

kadar etkili olduğunu göstermiştir. YSA, karmaşık donatı 

hesaplama süreçlerini daha hızlı ve doğru bir şekilde 

gerçekleştirebilmiştir. Bu, mühendislerin projelerdeki donatı 

hesaplarını yaparken karşılaştıkları zorlukları azaltmaktadır. 

Hegazy ve Ayed [13], inşaat maliyetlerinin tahmin 

edilmesinde YSA’nın etkinliğini göstermiştir. Bu sayede, bütçe 

planlaması ve maliyet kontrolü daha etkin bir şekilde 

gerçekleştirilebilmektedir. 

Boussabaine ve Cheetham [14], YSA kullanarak proje 

sürelerinin tahmin edilmesine yönelik bir çalışma yapmışlardır. 

Bu tür tahminler, projelerin zamanında tamamlanması için kritik 

öneme sahiptir. 

YSA modeli kullanarak Singapur’daki inşaat projelerinin 

performansını araştırmıştır. Bu çalışma, ileri beslemeli geri 

yayılımlı bir ağ kullanarak firmaların performansını 

değerlendiren bir sistem geliştirmiştir. YSA, projelerin çeşitli 

aşamalarındaki performans verilerini analiz ederek, 

mühendislerin projelerdeki zayıf noktaları tespit etmesine 

yardımcı olmuştur. Bu sayede, projelerin daha verimli bir şekilde 

yönetilmesi mümkün hale gelmiştir [11]. 

Plak taşıyıcı sistemlerin hem doğrusal hem de doğrusal 

olmayan analizini YSA kullanarak yapmışlardır. Çalışmaları, bu 

tür sistemlerin ön boyutlandırma ve optimizasyon 

problemlerinde kullanılabileceğini göstermektedir. YSA'nın bu 

tür mühendislik ve mimari tasarımlarda nasıl kullanılabileceği, 

projelerin daha etkin bir şekilde tasarlanmasına ve 

uygulanmasına olanak tanımaktadır [10].  

Graham ve diğerleri [12]t arafından yapılan bir çalışmada, 

hazır beton dağıtım şebekesi oluşturmak için YSA modeli 

kullanılmıştır. Bu çalışmada, ileri beslemeli ağlar ile Elman ağı 

modelinin karşılaştırılması yapılmıştır. Bu tür bir uygulama, 

beton dağıtım süreçlerinin daha etkili bir şekilde yönetilmesini 

ve kaynakların daha verimli bir biçimde kullanılmasını 

sağlamaktadır. 

3. Yöntem 

Yapay sinir ağları (YSA), öğrenme kabiliyeti ve genelleme 

yeteneği sayesinde birçok alanda uygulanmaktadır. Temel 

avantajları arasında bilginin saklanması, örnekler üzerinden 

öğrenme, matematiksel modele ihtiyaç duymama, eksik veri ile 

çalışma, sınıflandırma yapabilme ve yeni durumlara adapte olma 

yer alır [6]. Yapay sinir ağları (YSA'lar) için önemli bir özellik, 

girdiler ve çıktılar arasındaki ilişkileri öğrenebilmesidir. Eğitim 

sürecinde ağ, giriş verilerine uygun doğru çıkışlar üretmeyi 

öğrenir [15].  

YSA en büyük avantajlarından birisi de deney veya verilerin 

sonuçlarını direkt olarak kullanarak hesaplamaları öğrenerek 

sonuç üretebilmesidir. Ayrıca, verileri dağınık veya yetersiz olan 

ve tanımlanmış bir teorisi olmayan problemlere doğruya yakın 

çözümler sağlamasıdır [16]. 

Bu çalışma kapsamında, YSA kullanılarak maliyete dayalı 

süre tahminleri yapılmıştır. Veri setinde, kamu ihalelerine ait 25 

proje incelenmiştir. Girdi verisi olarak projelerin maliyetleri ve 

ilgili idare türü alınmış, çıktı olarak ise projelerin tamamlanma 

süreleri kullanılmıştır. YSA modeli, bu girdilerle eğitilerek, proje 
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süresi üzerinde etkili olan faktörleri öğrenmiş ve süre tahminleri 

yapmıştır. 

Veri seti, rastgele bir şekilde üç bölüme ayrılmıştır: eğitim 

seti, doğrulama seti ve test seti. Eğitim seti, modelin eğitildiği 

veri setidir; burada 25 gözlemden 15'i eğitim için kullanılmıştır. 

Doğrulama seti, modelin eğitim esnasında genelleme 

kabiliyetini değerlendirmek için kullanılan bir set olup, 5 

gözlem doğrulama setine ayrılmıştır. Bu set, aşırı öğrenmeyi 

(overfitting) önlemeye yardımcı olur. Test seti ise modelin 

tamamen bağımsız ve hiç görmediği veriyle test edildiği set 

olup, son 5 gözlem test setine ayrılmıştır. Rastgele veri bölme 

işlemi, eğitim, doğrulama ve test setlerinin her seferinde farklı 

veri örneklerinden oluşmasını sağlar; bu da modelin genelleme 

yeteneğini daha iyi anlamaya yardımcı olur. 

Eğitim algoritması olarak Scaled Conjugate Gradient (SCG) 

kullanılmıştır. Bu algoritma, yapay sinir ağlarının eğitilmesinde 

kullanılan optimize edilmiş bir öğrenme algoritmasıdır. Klasik 

algoritmalarla karşılaştırıldığında, SCG daha hızlı bir öğrenme 

süreci sunar ve özellikle ikinci derece türev bilgisine (Hessian 

matrisi) gerek duymadan türev kullanarak daha verimli 

optimizasyon sağlar. SCG, ağırlık güncellemelerinde eşlenik 

gradyan (conjugate gradient) kullanarak öğrenme hızını 

optimize eder ve büyük veri setlerinde hesaplama maliyetini 

azaltmak için tercih edilir. Ayrıca, SCG algoritması aşırı 

öğrenmeyi önlemede yardımcıdır ve yüksek boyutlu parametre 

uzaylarında iyi performans gösterir. 

Modelin performansı, Mean Squared Error (MSE) ile 

ölçülmüştür. MSE, modelin tahmin ettiği değerlerle gerçek 

değerler arasındaki farkın karesinin ortalamasını alarak modelin 

doğruluğunu ölçer. Düşük MSE değerleri, modelin daha doğru 

tahminler yaptığını gösterir. Eğitim ve doğrulama süreci 

boyunca MSE değerleri izlenmiş ve modelin genel performansı 

değerlendirilmiştir. Bu süreçte, veri setindeki ilişkileri 

öğrenmek ve aşırı öğrenmeyi önlemek amaçlanmıştır. 

4.  Bulgular  

Bu bölümde, yapay sinir ağı modeli ile yapılan süre 

tahminlerinin sonuçları sunulmuştur. 25 kamu projesi üzerinde 

yapılan analizlerde, maliyet ve süre verileri arasındaki ilişki 

incelenmiş ve modelin tahmin performansı değerlendirilmiştir. 

Türkiye'deki kamu projelerinin maliyet verilerine dayalı 

olarak yapay sinir ağı (YSA) modeli ile yapılan süre 

tahminlerinin sonuçları dört farklı set (eğitim, doğrulama, test 

ve tüm veri) için sunulmaktadır. Her bölümde modelin başarısı 

korelasyon katsayısı (R) ve determinasyon katsayısı (R²) ile 

değerlendirilmektedir. 

 
Şekil 2. Eğitim seti sonuçları 

Eğitim seti (Training), modelin öğrenme sürecinde kullanılan 

verileri temsil eder. Korelasyon katsayısı R=0.87782, modelin 

eğitim verileri üzerinde hedef değerlerle tahmin edilen değerler 

arasında güçlü bir doğrusal ilişki olduğunu gösterir. 

Determinasyon katsayısı R2=0.7706, modelin eğitim verilerinde 

%77 oranında hedef değişkenin varyansını açıkladığını gösterir. 

Yani, modelin tahmin yeteneği oldukça iyidir ve düz çizgiyle 

gösterilen tahminler gerçek veri noktalarına yakın bir şekilde yer 

almaktadır. 

  

 
 

Şekil 3. Doğrulama seti sonuçları 

 

Doğrulama seti (Validation), modelin yeni ve daha önce 

görmediği veriler üzerindeki performansını ölçmek için 

kullanılır. Korelasyon katsayısı R=0.95422, modelin doğrulama 

verileri üzerinde çok güçlü bir doğrusal ilişki kurduğunu gösterir. 

R2=0.9105 ise modelin doğrulama verilerindeki hedef 

değişkenin %91'ini açıkladığını ifade eder. Bu sonuç, modelin 

genelleme yeteneğinin çok yüksek olduğunu gösterir. Düz çizgi, 

modelin tahminlerini ve daireler gerçek verileri temsil eder; 

model tahminleri hedefe oldukça yakındır. 
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Şekil 4. Test seti sonuçları 

 

Test seti, modelin hiç görmediği veriler üzerinde yapılan 

performans değerlendirmesidir. Korelasyon katsayısı 

R=0.87589, test verileri üzerinde güçlü bir doğrusal ilişki 

olduğunu gösterir. R2=0.7672, modelin test verilerindeki hedef 

değişkenin %76.7'sini açıkladığını ortaya koyar. Düz çizgi 

modelin tahminlerini, daireler ise test verisindeki gerçek 

değerleri ifade eder. Model, eğitimde öğrendiği bilgiyi yeni 

veriler üzerinde de başarıyla uygulamaktadır. 

 

 
  

Şekil 5. Tüm veri seti sonuçları 

 

Tüm veri seti (All), eğitim, doğrulama ve test verilerinin 

birleştirilmiş halini gösterir. Korelasyon katsayısı R=0.8608, 

tüm veri setinde tahmin edilen değerlerle gerçek değerler 

arasında güçlü bir ilişki olduğunu ifade eder. R2=0.7409 ise tüm 

veri setinde modelin hedef değişkenin %74'ünü açıkladığını 

gösterir. Bu, modelin genel performansının yüksek olduğunu 

kanıtlar. Düz çizgi, modelin tüm veri üzerindeki tahminlerini ve 

daireler gerçek verileri gösterir. 

 

 

 

 

 

  

Şekil 6. Doğrulama perfırmansı grafiği 

 

Bu grafikte, yapay sinir ağı modelinin eğitim sürecindeki 

performansı, ortalama kare hata (MSE) metriği üzerinden 

değerlendirilmektedir. Grafik, eğitim (train), doğrulama 

(validation) ve test verileri üzerindeki hataların iterasyonlar 

boyunca nasıl değiştiğini göstermektedir.  

 

 X Ekseni modelin eğitim sürecinde kaç iterasyon geçtiğini 

gösterir. 1 iterasyon, tüm veri setinin model tarafından bir kez 

işlenmesi anlamına gelir. Grafikte toplam 11 iterasyon 

gözlemlenmiştir. 

 

Y Ekseni modelin tahmin ettiği değerlerle gerçek değerler 

arasındaki ortalama kare hatayı (MSE) ifade eder. Y ekseni 

logaritmik ölçekte (10^7 ile 10^2 arasında) yer alır ve hata 

miktarındaki düşüşün daha net gözlemlenmesini sağlar. Düşük 

MSE, modelin daha iyi performans gösterdiğini ifade eder. 

 

 Grafik üzerinde modelin doğrulama setinde en düşük hatayı 

(en iyi performansı) verdiği iterasyon vurgulanmıştır. Bu noktada 

doğrulama hatası (MSE) en düşük değere ulaşmış ve modelin 

genelleme kabiliyetinin en iyi olduğu an tespit edilmiştir. 

Modelin en iyi doğrulama performansının 5. iterasyonda 

gerçekleştiği gözlemlenmiştir. (MSE = 2442.3851). Doğrulama 

hatası bu noktada minimum seviyededir. Bu, modelin doğru bir 

şekilde genelleme yapabildiğini gösterir. 

 İlk iterasyonda eğitim, doğrulama ve test setlerindeki hatalar 

oldukça yüksektir (yaklaşık 10^7 civarında). Bu, modelin 

başlangıçta veriyi iyi öğrenemediğini, ancak birkaç iterasyondan 

sonra hataların hızla azaldığını gösterir. 

 

Genelde, doğrulama hatasının en düşük seviyeden sonra 

tekrar artış göstermesi durumunda overfitting(aşırı öğrenme) 

oluştuğu söylenir. Bu grafikte, 5. iterasyondan sonra doğrulama 

hatasında çok fazla artış gözlenmemektedir, ancak test seti 

üzerindeki hata bir miktar sabitlenmektedir. Bu da modelin 

overfitting'e çok meyilli olmadığını gösterir. 
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Şekil 7. Hata histogram grafiği 

 

Grafikte, kamu projelerinin maliyet verilerine dayalı olarak 

yapılan süre tahminlerinin hatalarını gösteren bir histogram yer 

almaktadır. Histogramda hatalar, hedef değerlerle modelin 

tahmin ettiği değerler arasındaki farkları (Errors = Targets - 

Outputs) temsil eder. Bu farklar 20 ayrı kategori içinde 

toplanmıştır. 

 

X Ekseni (Errors) hataların büyüklüğünü ifade eder. Sol 

taraf büyük negatif hataları (modelin tahmini gerçekte 

olduğundan çok daha düşük), sağ taraf ise pozitif hataları 

(modelin tahmini gerçekte olduğundan daha yüksek) gösterir. 

 

Y Ekseni (Instances) her bir hata kategorisindeki örnek 

sayısını gösterir. Yani, belirli bir hata büyüklüğünde kaç örneğin 

bulunduğunu ifade eder. 

 

Sıfır hata (0) ekseni, modelin tahminlerinin gerçek 

değerlerle birebir eşleştiği noktayı gösterir. Grafikteki çubuklar 

sıfır hata çizgisine ne kadar yakınsa, model o kadar doğru 

tahminlerde bulunmuş demektir. 

 

Histogramın merkezinde, hataların sıfıra yakın olduğu bir 

bölge dikkat çekmektedir (örneğin -7.235 hata kategorisi). Bu 

bölgede eğitim (mavi), doğrulama (yeşil) ve test (kırmızı) 

verileri üzerindeki hataların toplandığı görülmektedir. Sıfıra en 

yakın bu hata bölgesinde en fazla örneğin yer alması, modelin 

çoğunlukla doğru tahminlerde bulunduğunu göstermektedir. 

 Sol taraftaki negatif değerler modelin hedeften düşük 

tahminler yaptığı durumları gösterir. Özellikle -33.61 ve -20.42 

hata kategorilerinde belirgin bir hata sayısı mevcuttur, ancak bu 

hataların sayısı sınırlıdır ve genellikle daha düşük hatalar 

alınmıştır. 

 

Sağ taraftaki pozitif hatalar modelin hedeften yüksek 

tahminler yaptığı durumları gösterir. Örneğin 58.69 ve 71.88 

hata kategorilerinde bazı hatalar göze çarpmaktadır. Ancak bu 

pozitif hatalar da sayıca çok fazla değildir. 

 

 

 

5. Tartışma  

 

Modelin her bir veri setindeki performansı yüksek korelasyon 

katsayıları ile gösterilmiştir. R değerleri, modelin hedefle 

tahminler arasında güçlü doğrusal ilişkiler kurduğunu ifade eder. 

Özellikle doğrulama setindeki R=0.95422değeri, modelin 

genelleme başarısının çok yüksek olduğunu göstermektedir. 

 

Hedef değişkenin açıklanan varyans oranını gösteren R2 

değerleri, her set için %74 ile %91 arasında değişmektedir. 

Yüksek R² değerleri, modelin her veri setinde oldukça güçlü 

tahminler yaptığını doğrulamaktadır. 

 

Sonuç olarak, yapay sinir ağı (YSA) modeli, maliyet 

verilerine dayalı süre tahminlerinde güvenilir ve güçlü bir araç 

olarak öne çıkmaktadır. Eğitim, doğrulama ve test verileri 

üzerindeki yüksek R ve R² değerleri, modelin hem öğrenme 

aşamasında hem de yeni veriler üzerinde başarılı olduğunu 

kanıtlar. Özellikle doğrulama setindeki performansın çok yüksek 

olması, modelin aşırı öğrenmeden (overfitting) kaçınarak 

genelleme kapasitesinin yüksek olduğunu göstermektedir. 

  

Grafik, modelin doğrulama setindeki en iyi performansı 5. 

iterasyonda yakaladığını ve ardından modelin eğitim ve test 

verileri üzerinde dengeli bir şekilde çalıştığını göstermektedir. 

Eğitim sürecinde doğrulama hatasının artmaması, modelin 

genelleme kabiliyetinin iyi olduğunu ve overfitting yapmadığını 

göstermektedir. 

 

Genel olarak, YSA modelinin yaptığı hataların büyük bir 

kısmı sıfıra yakın bölgede toplanmıştır. Bu, modelin gerek 

eğitim, doğrulama, gerekse test verileri üzerinde genellikle doğru 

tahminlerde bulunduğunu göstermektedir. Yüksek ve aşırı 

hataların sayısı azdır ve bu da modelin genel performansının 

oldukça iyi olduğunu kanıtlamaktadır. Modelin sıfır hata 

eksenine yakın tahminler yaptığı alanlar, özellikle modelin 

güvenilirliğini ortaya koymaktadır. 

 

Grafiklerle desteklenen sonuçlar, kamu projelerinde YSA'nın 

başarılı tahminler sunduğunu göstermektedir.  

 

6. Sonuç  

 

Bu çalışma, Türkiye'deki kamu projelerinde yapay sinir ağları 

kullanılarak maliyet ve ihaleyi yapan ilgili idare verilerine dayalı 

süre tahmini yapılmasını amaçlamaktadır. Yapılan analizler, 

YSA'nın proje sürelerini tahmin etmek için hızlı ve güvenilir bir 

yöntem olduğunu ortaya koymuştur. 25 kamu projesine ait 

maliyet ve ilgili idare verilerinin kullanılması ile gerçekleştirilen 

bu çalışma, gelecekte yapılacak projelerde süre tahmininde 

yapay sinir ağlarının etkili bir araç olarak kullanılabileceğini 

göstermektedir. Modelin sağladığı yüksek doğruluk oranı, kamu 

ihaleleri sürecinde daha rekabetçi tekliflerin verilmesine ve 

projelerdeki risklerin minimize edilmesine katkı sağlayabilir. 

  

Kamu projelerinde süre tahminlerini daha kapsamlı hale 

getirmek için farklı veri türlerinin analize dahil edilmesi faydalı 

olacaktır. Proje büyüklüğü, örneğin inşaat alanı veya hacmi, 

proje süresini doğrudan etkileyen faktörler arasında yer alır. 

Bunun yanında, proje türü (konut, altyapı, enerji gibi) ve 
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kullanılan ekipman ve işgücü miktarı gibi kaynak verileri de 

süre tahminlerine katkı sağlayabilir. Mevsimsel ve hava durumu 

verileri, özellikle dış mekan projelerinde süreyi uzatabilen kritik 

değişkenlerdir. Projenin sözleşme koşulları, ihale şartları ve 

idari bürokratik süreçler de projelerin zamanlamasında önemli 

rol oynar. Aynı şekilde, malzeme tedarik süreleri, lojistik 

sorunlar ve finansal durum da gecikmelere neden olabilir. 

Ayrıca, projelerde karşılaşılan riskler, kazalar veya doğal afetler 

gibi beklenmedik olaylar ve bu tür durumlarla ilgili alınan 

önlemler de süre tahminlerinde dikkate alınmalıdır. Tüm bu ek 

verilerin analize dahil edilmesi, yapay sinir ağı modellerinin 

daha doğru ve kapsamlı süre tahminleri yapmasına olanak 

tanıyacaktır. 
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Abstract- The growing urgency of addressing environmental challenges highlights the need for research on their impacts on 

the built environment, particularly in urban areas where these issues adversely affect residents' well-being. Despite increasing 

recognition of climate-related challenges, limited attention has been given to adaptive strategies that harness local ecological 

resources, such as indigenous flora and green infrastructure, to promote energy efficiency and sustainability. This study 

examines strategies to enhance Nigeria’s urban landscapes through energy-efficient approaches in response to ongoing 

environmental changes. The objectives include: (i) identifying key factors influencing climate change and (ii) evaluating 

adaptive strategies for enhancing energy efficiency and resilience in urban environments. This research employs a total of 

235 surveys amounting to 78.30 per cent of the sample that was gathered and examined. The Logistic regression analyses of 

Statistical Package for the Social Sciences (SPSS) software package Version 22 were used to analyze the collected data from 

online survey distributions. The results reveal that all factors related to climate change adaptation are statistically significant 

(p-values < 0.05), underscoring their critical role in fostering energy efficiency and resilience. The findings provide robust 

evidence for prioritizing national and regional adaptation strategies. Recommendations include integrating the significant 

factors into urban planning policies, emphasizing energy-efficient solutions, and fostering community engagement and 

education to promote awareness and adoption of adaptive measures. Future research should explore emerging technologies 

and interdisciplinary approaches to address energy efficiency, and climate risks, and offer a comprehensive framework for 

sustainable urban transformation. 

Keywords Energy efficiency, Climate change adaptation, Sustainable urban planning, Ecological resources, Resilient urban 

ecosystems 

 

mailto:opagboola@gelisim.ed.tr
mailto:marapoglu@gelisim.edu.tr
mailto:opagboola@gelisim.ed.tr


INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES-IJET 
Agboola and Arapoğlu, Vol.9, No.4, 2024 
 

110 
 

1. Introduction 

The impact of environmental change remains a vital issue 

confronting nations throughout the world today. 

Environmental change refers to significant alterations in 

long-term patterns and characteristics. These changes 

manifest through various empirical indicators, including 

shifts in average temperatures, and precipitation patterns in 

the distribution of climatic zones over extended periods. 

Unlike short-term fluctuations or natural variability, climate 

disruption denotes persistent and often unprecedented 

deviations from historical norms, driven primarily by human-

induced factors such as carbon emissions, and alterations to 

land use [1],[2]. Consequently, these impacts result in 

heightened environmental heat, intensified winds, increased 

pollution, and habitat destruction, among other adverse 

outcomes [3]. In response to these challenges, numerous 

developing nations worldwide are actively working to 

combat the consequences of environmental change.  

The development of an energy-efficient urban 

environment is crucial for the reduction of energy 

consumption, promotion of sustainability, and enhancement 

of urban resilience in the face of climatic challenges. Being 

great consumers of energy, urban areas, which account for 

more than 70% of global energy consumption, contribute 

much to greenhouse gas emissions and environmental 

degradation [4]. It has been identified as one of the major 

concerns of urban planners, policymakers, and researchers to 

apply strategies that can reduce energy consumption and 

carbon emissions in urban settings. A basic strategy for 

increasing energy efficiency in urban environments is 

through the use of green building practices. In a more specific 

sense, these buildings, featuring environmentally friendly 

building materials, optimization of energy consumption, and 

integration with renewable sources of energy, such as solar 

panels and wind turbines, could substantially lower the 

energy impact that characterizes urban environments [3-4]. 

The adoption of energy-saving technologies, such as LED 

lighting, smart HVAC, and automated energy management 

systems, enables urban environments to lower both operating 

expenses and their environmental impact [5]. Second, the 

technologies help in exercising better control over energy use 

and make buildings increasingly responsive to dynamic 

environmental conditions and user needs, features that are 

particularly valuable in cities facing increasingly uncertain 

climates. 

Beyond the concept of green buildings, urban design 

contributes to creating environments that help to use energy 

efficiently. Several green spaces planned in cities, such as 

urban parks, green roofs, and tree canopies, could help 

moderate the effect of urban heat islands by reducing cooling 

energy needs while improving air quality. For instance, urban 

trees bring shade, reduce the need for air conditioning in 

nearby buildings, and assist natural ventilation, all of which 

lead to energy savings [4-5].  In addition, using green 

infrastructure in urban settings, such as permeable pavement 

and city wetlands, helps in managing stormwater and reduces 

the energy consumption associated with water treatment 

plants. The adoption of these sustainable practices helps to 

conserve biodiversity and increases the resilience of urban 

areas to climate change, including extreme weather events 

like floods and heatwaves. Nevertheless, urban resilience 

goes in tandem with energy efficiency, for cities that are well-

prepared to lower energy consumption and cope with their 

resources efficiently are also well-ready to handle the effects 

of climate change. 

Resilient urban environments combine the synergy of 

smart technologies, sustainable materials, and forward-

thinking policies to address the challenges brought about by 

rising temperatures, flooding, and other climate-related 

stresses. For instance, climatically responsive architecture 

using passive design strategies, like natural shading, 

daylighting, and thermal insulation, can greatly lessen the 

requirement for mechanical heating and cooling systems, 

thus increasing the resilience of buildings resisting changing 

the climate [1-2].  In addition, urban public transport systems 

that major in energy-efficient and low-carbon options, such 

as electric buses and trains, can greatly reduce energy 

consumption within cities. Non-motorized transportation, 

like cycling and going on walks, encourages the reduction in 

the use of private vehicles and thus cuts down energy 

consumption and traffic congestion. Moreover, smart grids 

and energy storage systems can enable cities to optimize 

energy distribution, reduce energy waste, and integrate 

renewable energy sources, which enhance overall energy 

resilience. 

There are strong signals that the effects of the changing 

climate in Africa are likely to continue unless important 

preventive steps are taken. This was a result of the fact that 

African cities are important producers of greenhouse gases; 

while environmental issues have equally increased due to the 

pollutants traceable to urbanization [6].  Despite these 

challenges, African nations lack sufficient financial and 

human capital needed to counteract the effects [2]. Nigeria's 

coastal areas are especially susceptible to the effects of 

environmental change because of the threat posed by rising 

sea levels and coastal erosion to nearby residences, 

commercial buildings, and vital infrastructure. For example, 

coastal flooding and erosion are already causing damage to 

property and infrastructure, displacing communities and 

disrupting economic activities.  Furthermore, the energy 

consumption associated with heating, cooling, and powering 

buildings contributes to greenhouse gas emissions, 

exacerbating climate change. Thus, lowering the built 

environment's carbon footprint is crucial for lessening the 

effects of environmental degradation in Nigeria, where 

population increase and urbanization have pushed up energy 

demand.  

The land usage dynamics in Nigeria exhibit a concerning 

trend, with a degradation rate of 4000 km2 per year, far 

outpacing the reforestation efforts which stand at a mere 10 

km2 annually [7]. This imbalance has led to a decline in 

forested areas, with only 10.80% remaining as of 2008, 

indicating a significant loss of crucial ecosystems over the 

years.  In terms of demographic shifts, the urban population 

has been experiencing rapid growth, with an annual increase 

of 3.80%. In 2004, urban dwellers comprised 45% of the total 

population, a figure that rose to 48.9% by 2010 [8].  This 



INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES-IJET 
Agboola and Arapoğlu, Vol.9, No.4, 2024 
 

111 
 

urbanization trend highlights the ongoing migration from 

rural to urban areas, reflecting changes in economic 

opportunities and lifestyle preferences. The Agenda 2030 

Millennium Development Goals (MDGs) serve as a critical 

framework for addressing persistent environmental 

challenges. However, despite these global initiatives, 

effectively mitigating the impacts of urban pollutants, 

flooding, and other environmental issues remains a 

significant hurdle in achieving environmental sustainability 

and the Sustainable Development Goals (SDGs) [9].  

Integrating environmental considerations into urban 

planning, infrastructure development, and public health 

strategies is vital for building climate-resilient and 

sustainable cities that enhance the well-being of present and 

future generations.  

Studies have shown that developing nations, including 

Nigeria, lack the accurate data needed to establish goals, 

strategies, and action plans for the protection of the 

challenges associated with the environment [9], [10], [11]. 

Thus, the rationale behind this research lies in the necessity 

for mitigation and adaptation interventions, which require the 

direct involvement of key climate change experts and other 

related professionals. The quantity and type of pollutants 

released into the atmosphere affect the composition of 

greenhouse gases and particulate matter, which in turn 

influence temperature patterns, precipitation levels, and 

overall climate dynamics. Therefore, understanding and 

mitigating the impacts of human activities on environmental 

balance and climate change are crucial for promoting 

sustainable development and preserving ecosystems. 

The methodology employed in this study aims to 

document preventive measures within the context of climate 

change, with a focus on fostering environmentally 

regenerative practices in Nigeria's urban landscape. This 

empirical investigation seeks to uncover the influence of 

climate change on the urban landscape within the 

Southwestern region of Nigeria. The objectives are twofold: 

(i)  To identify drivers of climate change, and  

(ii) To explore and evaluate adaptive strategies that 

leverage local ecological assets, to enhance energy 

efficiency and resilience in urban environments in the 

South-western region of Nigeria. 

Therefore, the study’s findings are significant in 

creating an energy-efficient urban environment that 

requires collaborative efforts from local government, urban 

planners, architects, engineers, and the community. It is, 

therefore, a must for policymakers to focus on initiatives 

that enhance the adoption of energy-efficient technologies, 

embed sustainability in urban planning frameworks, and 

create awareness of the importance of energy conservation. 

With investment in green technologies, improvement in 

public infrastructure, and implementation of comprehensive 

energy-saving programs, urban centres can reduce their 

ecological footprint, strengthen urban resilience, and create 

more livable cities. Similarly, by prioritizing environmental 

stewardship and adopting transformative approaches to 

sustainable development, communities can overcome the 

barriers to achieving the Agenda 2030 goals and create a 

more equitable, resilient, and thriving planet for all. In 

response to the challenges posed by UHIs, policymakers, 

urban planners, researchers, and community stakeholders in 

Nigeria are increasingly prioritizing sustainable urban 

development strategies that mitigate heat island effects 

while promoting climate resilience and an energy-efficient 

environment.  

 

2. Literature Review 

2.1 The Process of Urbanization and Changing in the 

Climate System 

Authors Urbanization poses challenges such as 

congestion, pollution, and inadequate infrastructure, which 

require innovative solutions to ensure the well-being of 

urban populations and the sustainability of urban 

environments [8], [12]. This phenomenon has profound 

implications for resource consumption, environmental 

sustainability, and social equity. Nigeria's present growth 

rate is 2.62 per cent of the overall population and is not 

predicted to diminish beyond the year 2050 by 2.04 per cent 

[13]. Urbanization will have disastrous consequences for 

humanity and the preservation of landscapes in the 

upcoming decades [12]. Urbanization has spurred the 

proliferation of Urban Heat Islands (UHIs) in several 

Nigerian cities, with a notable concentration in the Southern 

regions [12], [14]. The Nigerian’s total population density 

has witnessed a steady rise over the years, indicating 

increased human settlement and concentration. In 2004, the 

population density was recorded at 137.6 persons per square 

kilometre, which rose to 167.5 persons per square kilometre 

by the Year 2009, reflecting an annual growth rate of 2.5% 

[15]. Figure 1, depicts the temperature difference in degrees 

Celsius from 1900 to 2022 based on six data sets for Africa's 

1991–2020 climatological period.   

 

 
 

Fig. 1: African temperature difference in degrees Celsius from 

1900 to 2022. Source: [43]  
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2.2 Energy-Efficient Built Ecosystems 

 

Recent years have witnessed significant strides in energy-

efficient building design that involve a paradigm shift from 

traditional approaches towards holistic and environmentally-

conscious strategies aimed at reducing the ecological footprint 

of built environments on human health and natural ecosystems 

[16],[17]. Based on this ecological view, the concept of 

regenerative sustainability has become a core framework 

through which to address urban challenges with a specific focus 

on energy efficiency. A regenerative built environment is 

created based on structures and spaces that not only reduce 

energy consumption but also replenish resources to nurture the 

ecosystem. These programs essentially involve the planning 

and management of green spaces, urban forests, and natural 

landscapes in the urban setting to increase ecological function 

and facilitate environmental stewardship [18]. Integrated into 

urban planning, indigenous landscaping and green 

infrastructure can reduce the use of energy-consuming systems 

like air conditioners by creating better local microclimates and 

supporting natural cooling. These approaches also help 

preserve biodiversity, sequester carbon, and treat stormwater, 

further reducing the energy needs of urban areas. 

By putting regenerative principles into focus, urban areas 

can strengthen their resilience to environmental stressors while 

raising the quality of life for all inhabitants. By adopting 

energy-efficient, sustainable materials, in combination with 

green roofs, solar panels, and advanced technologies in 

buildings, it supports the regenerative methodology by 

lessening the dependency on fossil fuels, reducing emissions, 

and enhancing energy conservation over the urban landscape. 

Further, it is within these international sustainability 

frameworks, such as the SDGs and the Paris Agreement, that 

have put a call to action on issues around climate change 

mitigation, biodiversity loss, and inequality. Adoption of the 

principles of regenerative design within built-up urban 

environments helps not only with global climate initiatives but 

also supports developments that are resilient, adaptive, and 

more energy-efficient. This holistic approach assists the 

evolving urban morphology in becoming better prepared for 

meeting complicated sustainability challenges in the coming 

future, which guarantees a built environment that does not 

simply reduce energy consumption but is actively proactive in 

the regeneration of nature. Figure 2 shows how urban and 

natural systems evolve toward a regenerative state. It 

emphasizes the connection between exergy use and waste 

formation. In which the system evolves toward sustainability 

and regeneration, as evidenced by an increase in exergy 

efficiency, structural order, and exergy accumulation and a 

decrease in entropy creation. 

 

 
 

Fig. 2: Ecological and urban succession reducing entropy while 

increasing exergy efficiency, structural order, and regenerative 

system potential. Source: [45] 

 

 

  2.3 The Context of the Environmental Challenges   

 

 Environmental difficulties have culminated in ongoing 

rises in air temperature, thawing glaciers, increased sea levels, 

flooding, exhaustion, outbreaks of pandemics, and desert 

appearance.  The causes of Nigeria's climate change were 

ascribed to a variety of environmental issues that had a 

detrimental impact on the country's space, particularly in the 

Southern regions. As long as climate change threatens the 

planet, problems like land degradation [19]; biodiversity loss 

[2]; pollution [17]; droughts [20]; deforestation/desertification 

[21]; urbanization [12],[14]; health issues [5]; among others 

will become worse.  Moreover, human activities are a major 

driver of environmental degradation and deterioration.  

Activities such as deforestation, industrial emissions, and 

pollution from transportation contribute to the release of 

pollutants into the atmosphere, soil, and water bodies. These 

pollutants disrupt the balance of the environment and 

exacerbate climatic changes [17]. The presence of 

contaminants in a particular environment has a direct impact on 

its balance and can contribute to climatic shifts.  

         

Sub-Saharan Africa's vulnerability to these adverse effects, 

with escalating temperatures and sea levels intensifying 

existing challenges was revealed by [22]. As climate conditions 

worsen, the health and safety of populations are increasingly 

jeopardized, underscoring the urgent need for proactive 

measures to mitigate climate-related health threats and help 

communities at risk become more resilient.  Global 

environmental change is anticipated to cause malnutrition and 

impact negatively people’s health in South Asia and SSA 

regions [20], [23].  Similarly, [23], noted that the number of 
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infectious diseases in people has increased compared with the 

period when there has been no climatic variability. With the 

current global warming of 1.2-1.90C predicted, food insecurity 

is predicted to rise by 25–90% in Sub-Saharan countries by 

2050 compared to this current year.  Figure 3, presents the EM-

DAT global database on natural and technological disasters as 

revealed by [42]. It substantiates vital core data on the incidence 

and consequences of over 21,000 disasters in Africa.   

 

 
 

Fig. 3. Weather, climate and water-related disasters in Africa 

in 2022 for Emergency Event Database. Source: [44] 

 

 

3. Theoretical Framework   

 

This research employs a sustainable framework, 

highlighting methodologies that improve energy efficiency and 

promote resilient urban ecosystems. Key strategies recognized 

include the augmentation of urban tree canopies, the 

enhancement of functional green spaces, the application of 

innovative landscaping methods, and the restoration of 

wetlands. The integration of green infrastructure into urban 

design is highly important in terms of energy efficiency. Green 

building technologies and materials reduce energy 

consumption by enhancing insulation and reducing emissions, 

while functional green spaces and urban tree canopies create 

natural cooling systems that reduce reliance on artificial air 

conditioning. This integrated approach not only minimizes 

energy demand but also greenhouse gas emissions, thus making 

the urban environment more sustainable and livable. 

The concept of resilience within the urban landscape is one 

of the most important focuses. The architectural and landscape 

design that accommodates extreme weather phenomena 

ensures that the urban regions keep their adaptability in 

response to climate change. Resilience-focused land-use 

planning enhances the capacity of the urban environment to 

deal with environmental challenges while encouraging 

sustainable development at the same time. Such strategies 

protect infrastructure and improve community well-being by 

reducing energy efficiency.  As supported by [24]; the 

framework lays the groundwork for an environmentally 

sustainable paradigm. Additionally, the EPM framework 

emphasizes goal-setting, management, and citizen engagement 

through organized participation [25]. The framework was 

utilized extensively in several cultural and natural studies; 

while the conclusion drawn was based on sustainable landscape 

ecological planning that specifically intervenes with various 

biotic, abiotic, and cultural objectives (Figure 4).  As depicted 

in the figure; a variety of ecological planning together with a 

regenerative paradigm drive, encompassed by a triangle that 

combines the abiotic, biotic, and cultural built environment 

concepts. The regenerative objectives for biotic, abiotic, and 

cultural resources are all rooted in individuals and address 

environmental issues associated with the built environment.   

          

The framework effectively encapsulates key elements by 

emphasizing the value of adaptation, resilience, and 

regenerative resources, alongside the importance of sustainable 

landscape planning, ecosystem management, and public 

participation and engagement. This holistic approach 

underscores the necessity of addressing environmental 

challenges while promoting resilience and sustainability. 

 

 

Fig. 4. The study’s theoretical framework. Source: Authors’ 

conceptualisation 

 

 

4.  Data Collection, Distribution, and Analysis 

 

The Logistic regression analyses were conducted using the 

Statistical Package for the Social Sciences (SPSS) software 

package Version 22 to analyze the collated data from online 

survey distributions. Logistic regression is a statistical 

technique used to model the relationship between one or more 

independent variables and a categorical outcome variable. 

However, an initial pilot survey was conducted in September 

2019 in the designated research areas to assess and refine the 

survey instrument's effectiveness and suitability. Feedback 

obtained from the pilot survey participants informed 

refinements to the main survey (between November and 

December 2019), enhancing its reliability and validity for 

subsequent data collection phases. Given the practical 

constraints and limitations in obtaining exhaustive lists of 

professionals within the built environment sector, convenience 

sampling was deemed a suitable approach for this study [26].  

A total of 235 surveys amounted to 78.30 percent of the sample 

were gathered and examined.  Cronbach's alpha coefficient (α) 
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and Composite Reliability (CR) are widely recognized 

methodologies for evaluating the internal consistency and 

dependability of an instrument. In this study, all variables 

demonstrated a high level of reliability, exceeding the 

minimum threshold of Cronbach's alpha coefficient (α) of 0.6, 

indicative of credible and consistent results. According to [27], 

reliability scores falling within the range of 0.6 to 0.7 are 

considered acceptable. The utilization of Cronbach's alpha not 

only enhanced the clarity and precision of the questionnaire 

instrument but also underscored the robustness of the data 

obtained. This rigorous testing procedure ensured the reliability 

and validity of the survey instrument, thereby bolstering the 

credibility of the study's findings and conclusions. 

 

The Kaiser-Meyer-Olkin (KMO) measure of Exploratory 

Factor Analysis (EFA) sampling adequacy yielded a value of 

0.706, which is considered acceptable according to [28], 

indicating the suitability of the questionnaire for factor analysis. 

Additionally, Bartlett's sphericity test was significant at the 

0.001 level, further affirming the reliability of the latent 

constructs being analyzed. A threshold of 0.7 was utilized as 

the cutoff point for evaluating the adequacy of the factor 

analysis. In addition to assessing the psychometric properties of 

the questionnaire, demographic data for all 235 respondents 

were subjected to descriptive analysis.  Beyond demographic 

data, respondents provided feedback on a set of 49 dependent 

measurement variables, evaluating their perceptions of climate 

change predictors and mitigation strategies. These 

measurement variables were adapted from previous studies.  

Participants' responses were scored using a 5-point Likert scale, 

with options ranging from "Strongly agree" (5) to "Strongly 

disagree" (1), providing a comprehensive understanding of 

their attitudes and perspectives regarding climate change 

predictors and adaptation strategies.  

 

5.  Results and Discussion 

5.1. Demographic Characteristics 

 

The demographic analysis of respondents presents a diverse 

group across various professions and backgrounds (Table 1). 

Among the respondents, 20% are environmentalists (47 

respondents), 16% are educators (37 respondents), 19% are 

meteorologists or climate scientists (44 respondents), 14% are 

architects or urban planners (32 respondents), 14% are 

sustainability consultants (32 respondents), and 17% are public 

or environmental health experts (39 respondents). Regarding 

marital status, 25.6% of the respondents are single, 72.3% are 

married, and 2.1% are either divorced, separated, or widowed. 

Geographically, the respondents come from various states: 18% 

from Oyo (42 respondents), 10% from Osun (24 respondents), 

10.0% from both Osun and Ekiti (24 respondents each), 23.0% 

from Lagos (54 respondents), and 21.0% from Ogun State (49 

respondents); while 10% from Ondo (24 respondents) as shown 

in Figure 5.  In terms of education, 10% of respondents have a 

high school education (23 respondents), 15% hold 

undergraduate degrees (35 respondents), 39% are graduates (91 

respondents), and 36% have postgraduate qualifications (84 

respondents). Professional experience is also varied: 45.7% 

have 1-5 years of experience (105 respondents), 28.6% have 6-

10 years (65 respondents), and 25.7% have more than 10 years 

of experience (63 respondents). Out of 235 respondents, the 

majority, 126 (53.61%), rated themselves as "Very familiar" 

with Climate-Resilient and Energy-efficient Urban 

Landscapes. Meanwhile, 91 respondents (38.72%) indicated 

they were "Somewhat familiar." Only a small proportion, 18 

respondents (7.65%), reported being "Not familiar at all" with 

the concept as shown in Figure 6. This shows that most 

participants have a moderate to high level of familiarity with 

climate resilience and energy efficiency in urban landscapes.

 

Table 1: Demographic characteristics of respondents 
 

Demographic Variable Category Frequency Percentage 

(%) 

Gender Male 124 53.0 

Female 110 47.0 

 

 

Age 

18-25 35 15.0 

26-35 65 28.0 

36-45 58 25.0 

46-55 42 18.0 

56 and above 32 14.0 

 

 

Educational background  

High School 23 10.0 

Undergraduate 35 15.0 

Graduate 91 39.0 

Postgraduate 84 36.0 

 

 

 

Professional background 

Environmentalists 47 20.0 

Educators 37 16.0 

Architects/Urban Planners 32 14.0 

Meteorologists/Climate Scientists 44 19.0 

Sustainability Consultants 32 14.0 

Public/Environmental  Health 

Experts 

39 17.0 

Years of Professional 

Experience  

1-5 years 105 45.0 

6-10 years 65 28.0 

11 years and  above  63 27.0 

 Oyo 42 18.0 
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Geographically states’ 

affiliations  

Osun 24 10.0 

Ekiti  24 10.0 

Lagos 54 23.0 

Ondo 24 10.0 

Ekiti 19 8.0 

Ogun State 49 21.0 

 

 
 

 

Fig. 5:  Respondents' geographically states’ affiliations      

 

5.2.  Multivariate Regression  

 

The factors that outweigh were found using Principal 

Component Analysis. Each item was made up of different 

variables that combined to generate a single variable with a 

designation based on content.  Several independent variables 

were extracted for subsequent analysis using this method. 

The Pearson Bivariate Correlation Analysis was 

subsequently applied to assess the research variables' 

connections. This is to demonstrate the model prediction 

used for the result parameter.  The findings of the statistical 

analysis of climate change drivers are presented in Figure 7. 

It revealed that climate change exhibits through degradation 

of land with a mean value of 4.25 and standard deviation 

(SD) of 0.52; biodiversity loss having a mean value of 4.23, 

and  SD of  0.26; and pollution with a mean value of 4.07, 

and SD of  0.59.  Others include drought with a mean value 

of 4.04 and SD of 0.52; deforestation /desertification with a 

mean value of 4.08, and a standard deviation of 0.46. In 

addition, urbanization exhibited mean values of 4.10, with a 

corresponding SD of 0.63; population growth with mean 

values of 4.09, and SD of 0.74.  Overall, all these factors 

exhibited high mean scores.  

 

 On the contrary, transport disruption showed a mean 

value of 3.67, with a standard deviation of 0.64; health 

challenges showed a mean value of 3.84, and a standard 

deviation of 0.59;  and Stratospheric ozone depletion had a 

mean value of 3.08, and a standard deviation of  0.57; were 

factors with low mean scores. Despite their lower average  

scores, these factors are confirmed to be predictors of climate 

change. The descriptive statistical results in Figure 8, 

demonstrated the highest mean scores of rise in the adverse 

effect of pollutants consequences had a mean value of 4.81 

and standard deviation of 0.55; while the rise in the adverse 

effect of heat-related health consequences had a mean value 

of 4.85 and standard deviation of 0.52.   

 

The rise in the adverse effect of mental-health 

consequences had a mean value of 4.94, with an SD of 0.23; 

the rise in the adverse effect of nutritional infectious 

consequences had a mean value of 4.83 and a standard 

deviation of 0.41; while the rise in the adverse effect in water 

borne related consequences had the mean values of  4.75 and 

standard deviation of  0.70.  Lower mean scores, on the other 

hand, were recorded on the rise in the adverse shortages food 

production consequences with mean values of 3.82, and SD of  

0.60; while the rise in the adverse effect of low level of 

economic-related consequences had the mean values of  3.85 

and standard deviation of  0.51, and rise in the adverse effect 

of  CO2 emissions consequences had the mean values of  3.87, 

and SD of  0.42. 

 

 

 

 

 

 

 

 

Fig. 6. Respondents’ rating of their knowledge of the   

climate-resilient and energy efficient urban landscapes 
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Fig. 7. Assessment of the drivers of climate change  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Assessment of the adverse negative effects of 

environmental related problems  

 

Table 2 was prepared using factor analysis, specifically 

principal component analysis (PCA), to examine respondents’ 

backgrounds and drivers of climate change. First, the data set 

comprising various survey items was subjected to PCA, which 

extracted factors based on the correlation matrix. The initial 

eigenvalues represent the total variance explained by each 

extracted factor before any rotation. Kaiser’s criterion 

(eigenvalues greater than 1) was applied to retain significant 

components. In this case, four components were identified: 

Component 1 (Demographics), ICC2, ICC3, and ICC4. The 

table shows each component's initial eigenvalue, the 

percentage of variance it explains, and the cumulative variance 

explained. Subsequently, the extraction sums of squared 

loadings were calculated, reflecting the variance accounted for 

by each factor after the extraction process, providing a more 

refined measure of the factors’ contributions. 

 

The findings of a Principal Component Analysis (PCA) 

indicated that the PCA is used to classify and identify 

significant components derived from a dataset. In this analysis, 

49 variables were initially identified as important components. 

However, 19 variables were finally extracted; achieving four 

iterations of rotation with all having the eigenvalues exceeding 

1. These collectively account for 86.99 per cent of the total 

variation in the data. The variance explained by these factors 

is distributed as follows: 26.45%, 21.22%, 18.63%, and 

20.69% for each respective component. The initial component, 

also known as the ‘Demographics’, includes several variables 

such as education attainment, gender, age, academic history, 

employment history, and length of residency status. The 

second component called the ‘Indicators of Changes in the 

Climate 2’ (ICC2), consists of variables such as degradation of 

land, destruction of biodiversity, and pollutants. The third 

component, known as the ‘Indicators of Changes in the 

Climate 3’ (ICC3), considers characteristics such as severe 

weather, deforestation/desertification, and urban expansion. 

Also, the fourth key component, known as the ‘Indicators of 

Changes in the Climate 4’ (ICC4), includes variables such as 

ozone layer loss, health difficulties, population expansion, and 

transport disruption. This extensive investigation explores 

numerous aspects of climate change and its predictions, 

emphasizing the many dimensions that influence the dynamics 

of the environment. 

  

The regression study of predictors of environmental 

changes influences on energy-efficient urban environment is 

presented in Table 3. The table displays standardized 

coefficients obtained from a multiple regression analysis. In 

this analysis, both the independent and dependent variables are 

standardized, meaning they are converted to z-scores with a 

mean of zero and a standard deviation of one. This process 

allows for a common scale to compare the effects of each 

predictor variable on the dependent variable. The standardized 

beta coefficient reflects the expected change in the dependent 

variable (measured in standard deviation units) for a one 

standard deviation change in the predictor variable while 

keeping all other predictors constant. Statistical software like 

SPSS automatically calculates these coefficients, along with 

their standard errors, F-values, and significance levels, which 

helps researchers evaluate the relative importance and 

influence of each predictor on the outcome variable. 

   

However, the significance of predictors in the regression 

analysis is evident from the p-values. Specifically, the 

following variables were identified as significant predictors; 

Adoption of Renewable Energy Integration (β coefficient of 

0.401;p = 0.001), Green Building and Sustainable Architecture 

(β coefficient of 0.367; p = 0.002), Promotion of Sustainable 

and Energy Efficient Transportation (β coefficient of 0.247; p 

= 0.002), Sustainable Urban Planning and Zoning (β 

coefficient of 0.350; p = 0.003) and Sustainable Energy-

efficient Buildings (β coefficient of 0.202; p = 0.004). 

Additionally, Community-Based Ecological Solutions (β 
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coefficient of 0.204; p = 0.012), ideas about operational green 

areas (β coefficient of 0.436; p = 0.003), the usage of 

indigenous flora (β coefficient of 0.499; p = 0.001), enhancing 

urban tree coverage (β coefficient of 0.467; p = 0.002), 

fostering thriving wetlands (β coefficient of 0.314; p = 0.001), 

Water Resource Management and Conservation (β coefficient 

of 0.470; p = 0.002), and Climate Resilience and Disaster 

Preparedness (β coefficient of 0.512, p = 0.003) were all found 

to be significant predictors. Moreover, the analysis reveals that 

usage of Indigenous flora holds the highest β coefficient of 

0.480, succeeded by Water Resource Management and 

Conservation (0.470), enhancing urban tree coverage (0.467), 

and Operational green area (0.436), Climate Resilience and 

Disaster Preparedness (0.412), and fostering thriving wetlands 

(0.314), respectively. 

 

The regression analysis reveals several important 

implications for enhancing the sustainability of built 

environments towards energy-efficient urban environments. 

One of the most significant findings is the dominant role of 

indigenous flora (β = 0.480), which emerged as the strongest 

predictor. This suggests that incorporating native plant species 

in urban landscapes is a key strategy for increasing ecological 

resilience. Indigenous plants, being adapted to local climates 

and ecosystems, require fewer resources such as water and 

maintenance, and they support local biodiversity. This 

highlights the crucial role of biodiversity in mitigating 

environmental impacts and fostering sustainable urban 

environments. The study also highlights the importance of 

water resource management and conservation (β = 0.470). 

Efficient water management systems and resilient 

infrastructure are essential for ensuring that urban areas can 

adapt to the increasing frequency of extreme weather events 

while safeguarding essential resources for future generations. 

The results also underscore the importance of enhancing urban 

tree coverage (β = 0.467) and maintaining operational green 

areas (β = 0.436). These factors significantly contribute to 

environmental sustainability by improving air quality, 

reducing urban heat, and creating healthier living spaces. 

Nature-based solutions, such as increasing green spaces and 

tree coverage, are essential to mitigating the urban heat island 

effect, which is exacerbated by climate change. By prioritizing 

these strategies, cities can reduce temperature extremes, 

manage stormwater, and improve the overall quality of life for 

residents. 

The analysis further reveals the significant influence of the 

adoption of renewable energy integration (β = 0.401) and 

green building and sustainable architecture (β = 0.367). These 

findings highlight the importance of integrating renewable 

energy sources, such as solar and wind, into the built 

environment. Moreover, the adoption of sustainable 

architecture is crucial for reducing energy consumption and 

emissions. By employing energy-efficient design and 

sustainable materials, cities can move toward greener 

construction practices that support long-term environmental 

goals. These strategies are central to reducing the carbon 

footprint of buildings and promoting sustainability. The 

promotion of sustainable and energy-efficient transportation (β 

= 0.247) and sustainable urban planning and zoning (β = 

0.350) are also significant predictors of sustainable built 

environments. Reducing reliance on carbon-intensive 

transportation through the promotion of electric vehicles, 

public transit, and pedestrian-friendly infrastructure is crucial 

for lowering emissions. At the same time, addressing urban 

heat through innovative materials and landscaping can help 

cities remain livable as global temperatures rise. These 

findings support the need for comprehensive urban planning 

reforms that prioritize both environmental sustainability and 

public health. Climate resilience and disaster preparedness (β 

= 0.512). These predictors indicate that cities must develop 

proactive strategies for conserving water and preparing for 

climate-related disasters such as flooding, droughts, and 

storms. 

 

Finally, the significance of fostering thriving wetlands (β = 

0.314) underscores the importance of preserving and restoring 

natural ecosystems. Wetlands act as natural buffers against 

flooding, improve water quality, and provide habitat for 

wildlife. By integrating wetland conservation into urban 

planning, cities can enhance their resilience to climate change 

while promoting biodiversity and ecosystem services. In 

conclusion, this study highlights the need for a comprehensive 

approach that combines nature-based solutions with 

technological innovations to create sustainable and resilient 

urban environments. The predictors identified in the regression 

analysis emphasize the importance of biodiversity, renewable 

energy, green infrastructure, and disaster preparedness in 

mitigating the effects of climate change and ensuring the 

sustainability of the built environment. 

 

 

Table 2. Respondents’ background and drivers of climate change   

Component Initial Eigenvalues Extraction Sums of Squared Loadings 
  Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 (Demographics) 12.328 39.691 38.582 5.723 26.45 34.782 

2 (ICC2) 6.807 23.593 53.814 4.472 21.22 46.428 

3 (ICC3) 1.266 22.188 48.871 3.253 18.63 63.512 

4 (ICC4) 1.748 19.400 56.342 2.187 20.69 78.340 
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Table 3. The correlation between the environmental impact evaluations of respondents and the energy-efficient urban 

environment
Drivers Standardized Coefficients df f Sig. 

value 

(p) 

 Beta 

coefficients 

Estimate of Standard 

error 
   

Adoption of Renewable Energy Integration 0.401 0.028 2 3.019 0.001* 

Green Building and Sustainable Architecture  0.367 0.021 3 3.622 0.002* 

Promotion of Sustainable and Energy Efficient 

Transportation 

0.247 0.005 3 2.200 0.002* 

Sustainable Urban Planning and Zoning 0.350 0.088 2 3.001 0.003* 

Sustainable Energy-efficient Buildings  0.202 0.070 3 3.893 0.001* 

Community-Based Ecological Solutions 0.204 0.009 1 3.230 0.012* 

Operational green area 0.436 0.016 1 5.207 0.003* 

Usage of Indigenous flora 0.480 0.025 5 4.899 0.001* 

Enhancing Urban Tree Coverage 0.467 0.203 4 5.492 0.002* 

Fostering thriving wetlands 0.314 0.030 3 6.954 0.001* 

Water Resource Management and Conservation 0.470 0.055 2 3.683 0.002* 

Climate Resilience and Disaster Preparedness 0.412 0.068 2 3.100 0.003* 

*Significant predictors (p ≤ 0.05) 

 

 

 5.3. Predictors of Climate Change Strategy Indicators 

 

The findings of this study have uncovered the various 

anticipated indicators of environmental change. These 

anticipated indicators are consistent with prior research by 

[21], [29]. The studies concurred with the fact that 

environmental climatic indicators pose serious threats to the 

ecosystem and sustainable cities in Nigeria. This climate 

change and ecosystem degradation include desertification, 

deforestation, floods, erosion, urbanization, and 

overpopulation [30], [31].  This study confirmed that 

significant loss and deterioration of natural ecosystems 

provide unmistakable evidence of indicators of impending 

environmental change. This degradation includes 

deforestation, habitat destruction, and ecosystem 

fragmentation, all of which contribute to the alteration of 

ecological processes and biodiversity loss, exacerbating the 

impacts of climate change.  Additionally, the loss of natural  

 

ecosystems often lead to a reduction in ecosystem services 

vital for human well-being, such as carbon sequestration, 

water purification, and flood regulation. These urban 

environmental issues will continue to be a menace to the 

sustainability initiative’s goals, especially in developing 

countries if appropriate measures are not sought. The fact that 

desertification is mostly a man-made phenomenon that is 

exacerbated by climate change must be noted.  As agreed by 

[19], further land degradation will come from an increase in 

weather extremes like drought and severe rain brought on by 

climate change.  

 

Temperatures are rising, the land is drying up, and fertile 

soils are eroding across sub-Saharan Africa as a result of 

climate change, land degradation, and over-exploitation.  This 

escalates catastrophic issues like starvation and severe 

droughts. In addition, biodiversity loss and increasing 

urbanization problems are linked to climate change, as 

demonstrated by earlier research by [2],[17]. Considering the 

importance of residents’ health; the destruction of ecosystems 

has negatively impacted their health. This was in tandem with 

the findings of the previous studies by [20], [23].  Human 

health is being affected by climate change in Nigeria. Extreme 

weather conditions including droughts, heatwaves, and 

temperature increases have negatively impacted human health, 

which is in line with the previous studies [32].   

 

Additionally, creating a sustainable environment is 

connected to urbanization, advancement of the economy, 

human capital development, and preservation of nature. 

Urbanization is intertwined dynamics of economic expansion, 

human progress, sustainable development, and preservation of 

biodiversity. These were complemented by earlier reports by 

[6],[31],[33].  In Nigeria, as populations concentrate in urban 

areas, there is a heightened focus on infrastructure 

development, resource utilization, and land management 

practices, all of which significantly influence environmental 

outcomes [31],[34],[35]. In connection to the transport system, 

pedestrian-friendly settings where fewer numbers of 

automobiles are used would continue to be one of the finest 

methods for decreasing cities' carbon footprints; while 

enhanced urban-rural links can assist in mitigating climate 

change [35],[36]. Sustainable urban planning and design can 

mitigate environmental degradation by promoting energy 

efficiency, waste reduction, and green infrastructure 

implementation.  Furthermore, urbanization often correlates 

with economic growth, as cities become hubs for commerce, 

innovation, and employment opportunities. However, ensuring 

inclusive economic growth is essential to prevent disparities 

and enhance overall societal well-being. Investments in 

education, healthcare, and social services are critical for 

fostering human development and improving the quality of life 
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in urban settings. 

 

In parallel, urbanization presents unique opportunities for 

nature conservation. Strategically designed green spaces, 

urban trees, and playgrounds improve the area's aesthetic 

attractiveness, improve vital habitats for biodiversity, and 

contribute to ecosystem resilience. Integrating nature-based 

solutions into urban development plans can mitigate the 

adverse effects of urbanisation on natural ecosystems while 

promoting environmental sustainability. Summarily, 

urbanization acts as a catalyst for multifaceted 

transformations, presenting both challenges and opportunities 

for achieving sustainable development goals. Effective 

governance, stakeholder engagement, and innovative solutions 

are vital for urban landscape sustainability.  A future approach 

to habitat sustainability is required with lower carbon dioxide 

emissions, minimal health-related issues; and a high-quality 

indoor and outdoor environment. Overall, the need for 

coordinated efforts toward mitigation and adaptation strategies 

arises from the fact that all climate change predictors present a 

significant challenge; and taking proactive efforts will lessen 

its adverse effects on raising the quality of life.  

 

  5.4. Adaptive Strategies to Enhance Energy Efficiency 

and Resilience in Urban Environments  

 

With its diverse ecosystems, rapid urbanization, and 

vulnerability to extreme weather events, the need for 

sustainable development strategies has become increasingly 

urgent in Nigeria. In response, there is a growing interest in 

fostering regenerative practices within Nigeria's built 

environment to enhance climate change’s adaptations. This 

study explores the concept of regenerative built environments 

in the Nigerian context and examines strategies for advancing 

climate change adaptation through sustainable urban 

development.  Therefore, this study outlined the climatic 

conditions that pose significant risks to both inhabitants and 

ecosystems at large. Consequently, this study identified seven 

pivotal strategies for climate change mitigation and energy 

efficiency, drawing support from previous research by [1], 

[17]. These strategies include fostering environmental 

consciousness, maximizing operational green spaces, utilizing 

indigenous flora, expanding urban tree coverage, revitalizing 

wetlands, implementing smart landscaping practices, and 

embracing a biophilic approach. These measures are deemed 

essential for addressing the impacts of climate change 

effectively. Fostering environmental consciousness is a 

multifaceted strategy aimed at raising awareness, changing 

attitudes, and promoting behaviours that contribute to climate 

change mitigation and adaptation. This approach recognizes 

the interconnectedness of human actions and their impacts on 

the environment, emphasizing the importance of individual 

and collective responsibility in addressing climate-related 

challenges [36],[37]. This inferred that fostering 

environmental consciousness is a vital strategy for climate 

change mitigation and adaptation, as it empowers individuals, 

communities, businesses, and institutions to take proactive 

steps toward building a more sustainable and resilient future. 

By raising awareness, promoting behavioural change, 

advocating for policy action, engaging stakeholders, and 

enhancing community resilience, environmental 

consciousness can significantly impact how we handle the 

intricate problems brought on by climate change. 

 

This study revealed that maximizing operational green 

spaces entails the deliberate integration of vegetation and 

natural elements into urban and industrial environments to 

enhance energy efficiency and resilience. This strategy in line 

with the study of [38], recognizes the multifaceted benefits of 

green spaces, including carbon sequestration, temperature 

regulation, stormwater management, biodiversity 

conservation, and human well-being enhancement. In tandem 

with the study of [19]; prioritizing green infrastructure 

investments, integrating nature-based solutions into planning 

and development processes, and fostering cross-sectoral 

collaboration, cities, and industries can leverage the power of 

green spaces to address the complex challenges posed by 

climate change and create a more resilient, and energy-

efficient environment. The findings of this study underscore 

the potential for achieving sustainable communities through 

environmental greening and reduced reliance on motorized 

transportation, thereby contributing to a decrease in global 

carbon emissions as corroborated by the study [39].  

 

This study highlights the role of native vegetation in 

making urban ecosystems energy-efficient by including 

indigenous plant species in landscaping, reforestation, habitat 

restoration, and ecosystem management practices. Native flora 

is naturally adapted to the local environmental conditions, such 

as temperature ranges, soil types, and precipitation patterns, 

which will enhance their ability to withstand climatic changes 

and thus reduce the need for costly energy inputs to maintain 

the landscape. Integration of native plant species into urban 

environments allows energy efficiency to be improved through 

natural cooling and shading processes, thereby reducing the 

use of artificial air conditioning and heating systems. It also 

supports carbon sequestration by indigenous vegetation, 

further taking some pressure off the urban carbon footprint and 

contributing to efforts to fight against climate change. This 

provides not only a more robust urban ecosystem but also 

supports biodiversity conservation, leading to long-term 

environmental and community benefits. Harnessing native 

plant species within a Green Infrastructure strategy is 

beneficial both in terms of reduced cost, maintenance, and 

resource consumption as a means of attaining an increase in 

energy efficiency; it also creates increased ecosystem 

resilience through the role that native plants play, finally 

preparing urban areas to develop sustainably with more 

potential to be resilient against climate-driven stressors. 

 

Moreover, according to the results in [40], the focus on 

native species of plants in land management and restoration 

efforts strengthens ecosystem resilience, safeguards 

biodiversity, sequesters carbon, and supports sustainable 

development while respecting and conserving local ecological 

heritage. It is also critical that urban landscapes utilize native 

plants for energy-efficient environments because such species 

are already adapted to local climatic conditions, require less 

water, and need fewer maintenance activities, thereby reducing 

demand for energy-intensive resources. Increased urban tree 
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cover can play a large role in energy efficiency: by providing 

shade, and cooling urban heat islands, the need for air 

conditioning in nearby buildings becomes less, therefore 

reducing energy consumption. In addition to that, urban trees 

bring relief to stormwater drainage systems, reduce urban 

flooding, and improve water quality by filtering pollutants 

before reaching water bodies. 

Notably, urban green spaces with a dense tree cover 

provide recreation opportunities, cultural amenities, as well as 

aesthetic value, hence improving the quality of life among the 

citizens of a metropolitan area. Such places are vital in 

enhancing environmental quality and stimulating sustainable 

urban development. As stated by [41], municipalities that 

emphasize tree planting and investment in green infrastructure 

can enhance resilience in the cities while creating a less 

energy-consuming environment. They have several 

ecological, social, and economic benefits, hence consideration 

in the development of sustainable and resilient communities. 

This would raise an increasing call for the adoption of a 

biophilic approach to bring in ecological resilience and 

alleviate the consequences of climate change. In addition, 

incorporating natural elements into urban designs, such as 

natural lighting, plants, water features, and views of nature, 

could significantly improve energy efficiency. As pointed out 

by [42], biophilic design emulates natural ecosystems and 

increases human well-being and happiness by fostering a 

relationship with the natural world. Also, integrating biophilic 

principles into urban and architectural settings can stimulate 

community interaction, provide open outdoor areas that are 

accessible, and offer social spaces for activities, recreation, 

and cultural events all of which reinforce a sustainable and 

energy-efficient urban environment. 

 

6. Conclusion 
 

The contribution of this study shows that adaptive 

strategies using local ecological assets, such as native plant 

species and green infrastructure, provide a feasible manner of 

achieving energy efficiency and resilience. By integrating 

these strategies into urban planning and design, municipalities 

can address climate-related challenges while enhancing 

ecological health, social well-being, and economic vitality at 

the same time. These methodologies not only reduce 

environmental impacts but also foster a more sustainable 

future for both urban and rural communities. This research 

employs a sustainable framework, highlighting methodologies 

that improve energy efficiency and promote resilient urban 

ecosystems. Key strategies recognized include the 

augmentation of urban tree canopies, the enhancement of 

functional green spaces, the application of innovative 

landscaping methods, and the restoration of wetlands. These 

interventions are meant to mitigate the adverse effects brought 

about by urbanization and align with the SDGs, specifically 

Goal 11 (Sustainable Cities and Communities), Goal 13 

(Climate Action), and Goal 15 (Life on Land). With a focus on 

sustainability, these goals address high-priority environmental 

concerns and long-term urban resilience.  

 

The integration of green infrastructure into urban design is 

highly important in terms of energy efficiency. Green building 

technologies and materials reduce energy consumption by 

enhancing insulation and reducing emissions, while functional 

green spaces and urban tree canopies create natural cooling 

systems that reduce reliance on artificial air conditioning. This 

integrated approach not only minimizes energy demand but 

also greenhouse gas emissions, thus making the urban 

environment more sustainable and livable. The preservation of 

native plant species and restoration of wetland areas form 

integral parts of this methodology. In maintaining biodiversity 

and reinforcing the ecosystems, these initiatives inherently 

stabilize urban temperature fluctuations, enhance air quality, 

and develop habitats for indigenous species. Wetlands, in 

particular, are important regulators of stormwater and flood 

impact reduction, hence strengthening both ecological and 

urban resilience. Through the incorporation of these 

environmentally conscious approaches, the research highlights 

the significance of merging ecological conservation with 

energy-efficient and resilient urban design. Such initiatives not 

only protect Nigeria's natural heritage but also establish a 

foundation for improving urban sustainability and responding 

to forthcoming environmental challenges. 

 

The findings of this study have shown the need for 

collaboration among Nigerian policymakers, educational 

administrators, instructors, business people, and researchers to 

initiate a campaign to create awareness in the country of 

climate change and its impact on energy efficiency in urban 

areas. Further collaboration among governmental, para-

governmental, and non-governmental organizations is thus 

indispensable to encourage the formation of climate-resilient 

infrastructure that enhances energy efficiency in urban areas 

for sustained urban development. For instance, the Nigerian 

Government’s National Climate Change Policy and Response 

Strategy should integrate specific measures to improve energy 

efficiency in the built environment while, at the same time, 

building resilience to the effects of climate change. 

 

In addition, the professional bodies should be advised: the 

Nigerian Institute of Architects and the Nigerian Society of 

Engineers; to adopt building standards or regulations that 

prescribe energy efficiency within construction 

methodologies. These can help in making buildings use less 

energy and enable the provision of lower emissions and other 

structures that have been engineered to respond fittingly 

towards the challenges faced due to climate change. Moreover, 

the application of efficient innovations in adaptation and 

mitigation strategies should be one of the major focuses while 

upgrading human capacities and infrastructure energy 

efficiency. This is in line with the National Adaptation Plan 

(NAP) adopted by the Nigerian Federal Ministry of 

Environment in 2020, which called for collaborative efforts in 

addressing the energy challenges presented by climate change. 

In this regard, regional training workshops are needed to build 

the capacities of stakeholders so that they can integrate energy-

efficient measures into state development plans. The study, 

however, is mindful of some limitations, including the lack of 

meteorological data in the study region and the non-existence 

of comprehensive databases of experts in the built 

environment. Despite these challenges, the study marks the 

requirement for good policy and practice designs to improve 
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energy efficiency and reduce climate change in urban Nigeria. 

A future research project-based case study proposed in this 

study focuses on implementing and evaluating adaptive 

strategies for enhancing energy efficiency and resilience in 

Nigeria’s urban landscapes. For example, a pilot project could 

be conducted in a densely populated Lagos neighbourhood 

where environmental challenges are acute. The study would 

begin with a baseline assessment of energy consumption, 

building performance, and the existing state of green 

infrastructure. Subsequently, adaptive interventions such as 

integrating indigenous flora, installing green roofs, and 

retrofitting buildings with energy-efficient Technologies 

would be implemented in collaboration with local authorities 

and community stakeholders. This case study would offer 

practical insights into the real-world impacts of adaptive 

strategies, serving as a model for similar initiatives in other 

developing urban areas.   
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Abstract - Silicon-based electronic devices as a three-terminal field-effect transistor is predictably reached to its extreme 

limitation by getting its channel length below the 10nm regime technology and suffering from numerous scaling drawbacks. As 

a technology progress, replaced of a new material in transistor channel is considered. Therefore, due to excellent properties, new 

material as a Nano Scrolls are purposed. These replacements for the traditional silicon-based FET, plays a significant role to 

increasing the electronic devices speed and performance. However, shrinking of the device dimensions led to challenges such as 

leakage current, short channel effects, high power consumption, interconnect difficulties and quantum effects, these Nano-device 

and Nano-structures are the perfect candidate to overcome the scaling problems. In the present paper investigation of the channel 

scaling and the charge carrier mobility behavior as one of the most remarkable characteristics for modeling of nanoscale Metal 

Oxide field-effect transistors is considered. This numerical mobility model of charge carrier is modeled analytically for the 

Graphene Nano scroll Field-Effect Transistor, in which the carrier concentration, channel length and channel’s resistance 

characteristics are highlighted. According to these carrier mobility model of GNS-based FET transistor, the carrier’s mobility 

versus carrier concentration is decreased.  Moreover, the channel length increasing caused to growing the channel current. By 

increasing the channel length, the channel resistance and carrier mobility is ignorable declined. The temperature rising decreases 

the carrier’s mobility and the channel length expanding increases the mobility. Finally, comparison of the model by experimental 

results, supports the acceptability of model and can maintenance the appropriately of the model outcomes by experimental.  

 

Keywords: Graphene Nano Scroll, Carrier mobility, MOSFET, carrier concentration, channel length, temperature. 
 

1. Introduction 

 

One-atom-thick of carbon atoms by sp2-hybridized in the 

honeycomb network with promising electrical, mechanical, 

and thermal properties, has applications in many scientific 

fields, such as nan electronics devices. Graphene Nano scrolls 

(GNSs)and Graphene Nano Ribbons (GNRs), as a new 

category of quasi-one-dimensional (1D) carbon-based material 

by their excellent electrical and optical properties, have 

attracted academics attention in the fields of materials science 

as shown in Fig.1. There are superior properties such as high 

optical, electrical and mechanical possessions of GNSs like as 

graphene and Carbon Nano Tube(CNT). The armchair (n, n), 

zigzag (n,0), and chiral (n, m), as an open multi-walled carbon 

nanotubes (MWCNTs) are different morphologies of a GNSs 

with tubular[1] [2, 3]. For example, the structural stability of 

some of GNS is depended on overlapped surface of rolling. [4-

14]. The metallic and semiconductor performance are 

considered by changing in overlapped surface of rolling in 

GNS. The edge forms of GNS can be zigzag or armchair types 

and GNSs are specified by them. The zigzag GNS (ZGNS) 

possess metallic and semiconductor properties. It is described 

by (n, 0) chirality number. While (n-1) is multiple of 3 ,ZGNS 

have metallic properties and in the other value of n , the ZGNS 

is semiconducting[15].  

 

Short channel effects in the transistor channel of Metal 

Oxide Semiconductor Field effect transistors as an important 

challenge in Silicon technology is considered. 
 

Moreover, hot carrier effects and self-heating are main 

device problems on Silicon based technology. The efforts for 

replacing the new ways to overcome to this delinquent by 

candidate material lead to consideration to graphene derivation. 

The Graphene Nano scroll based transistor channel, due to their 
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uniformity   and atomically perfect edge structure, very slim 

width below 1 nm, and necessary electronic properties is an 

appropriate assortment to FET. In the present work, it is 

proposed GNS based as a novel replacement channel structure 

to overwhelmed the short channel effect problems[16, 17]. 

 

 

Figure 1: graphene sheet Structure and made of GNS by rolling it 

into spiral form. 

 

 In this case, a better guaranty to performance of Nano 

scale(FETs) device is determined than the other micro scaling 

devices. As was mentioned, challenges such as short channel 

effects due to reduction the device dimensions led to short 

channel effects, quantum effects, leakage current, high power 

consumption, interconnect difficulties. Selecting of new 

materials and device structures to resolve these complications 

plays a respectable role in achievement of greater productions. 

As a nomination the GNS structure can satisfy our focus ideas 

as a channel in Nano scale MOSFETs. As designated, single-

gated structure and GNS-based channel MOSFET considered 

in Figure 2(a, b). The MOSFET based on GNS is assumed and 

modeled the channel resistance and delay time of carrier in the 

channel by carrier concentration and mobility. The result is 

compared by experimental which are in agreement with the 

recent theoretical predictions [1, 18-20]. 

 

2. Model 

 

 The carrier's route between crashes will lead to unilateral 

movement under applied field. Therefore, a drift velocity is 

produced by them. This drift velocity 𝑣𝑑 is in the direction of 

force qE and so that the transmission carriers will produce 

current. By average velocity of carrier, 𝑣𝑎𝑣  at any non-zero 

value of field E, the mean time between interaction or 

dispersion τ and  an effective mobility linking the velocity to E 

is considered as [21]𝑣𝑎𝑣 = 𝜇 𝐸 =
𝑞 𝜏 

𝑚∗  𝐸 , where q is the charge 

carrier, and m* is effective mass. Furthermore, delay time 

relation in low-field by μ0 is determined  by [21]𝜏 =
𝜇0

𝑞
𝑚∗,by 

assumption 𝜏 =
𝐿0

𝑉𝑇
,where L0 is the mean free path distance of 

the carrier (which this amount varies between 0.5 and 5nm [22] 

amounts) and 𝑉𝑇 is the thermal velocity. Moreover ,we calculate 

the mobility of GNS for small amount of E as;  

𝜇0𝐺𝑁𝑅 =
𝑞 𝐿0

𝑚∗𝑉𝑇𝐻
2 𝑣𝑖 that is linked by the thermal energy 

(𝑉𝑇 = √
2𝐾𝐵𝑇

𝜋𝑚∗ ) [21] ; where 𝑣𝑖 represents the intrinsic velocity. 

In this work for presenting of the mobility in small amount of 

E, the GNS parabolic band energy model is hired. By 

considering 𝑣𝑖 = 𝑉𝑇   
𝜁0

𝜁−1
2

  ,the delay time and the mobility  [21]  

is obtained as a function of 𝑉𝑇as; 

 

𝜇0𝐺𝑁𝑆 =
𝑞 

𝑚∗

 𝐿0

𝜋𝑉𝑇

𝜁0(ղ)

𝜁−1
2

(ղ)
                                                   (1)  

𝜏   =   
 𝐿0

𝜋𝑉𝑇

𝜁0(ղ)

𝜁−1
2

(ղ)
                                                              (2) 

 

where L0 is the mean free path distance of the carrier , the 

thermal energy(𝑉𝑇) , 𝜁 is fermi integral order 0 and 
−1

2
  and 𝜏  is 

delay time of carrier. 

 

Furthermore, the ion migration flux based on electron drift 

is given by 𝐽𝑠𝑑 = µ𝐹𝑛𝑖   ;where 𝐹 =
𝛼𝑞𝑉

𝐿
 is the gradient of the 

local electrostatic potential and 𝛼 is fixing factor [23] (-∇𝛹) 

which is its limit at the top and bottom electrode voltages is 

between 0V and V𝐷𝑆 (source and drain electrode), respectively 

[24];therefor the drain to source ion flux is achieved by [24]; 

   

𝐽𝑠𝑑 = −µ
𝛼𝑞

𝐿𝑐ℎ
∇𝛹. 𝑛𝑖 =  −µ

𝛼𝑞

𝐿𝑐ℎ
𝑛𝑖V𝑑𝑠                                           (3)                                                                       

 

where q is the electric charge, 𝐿𝑐ℎ = 𝐿 is the channel length, 𝜇 

is the mobility of the carriers and 𝑛𝑖 is the carrier concentration 

which  is defined as [25]; 

 

𝑛𝑖 =
2𝑚∗

3ℏ2𝜋 
√

𝑘𝐵𝑇

𝑡
 ∫

(𝑥)−1/2

1 + exp (𝑥 − ƞ𝑓)
 𝑑𝑥

∞

0

= (√
2𝑚⋇𝑘𝐵𝑇

𝜋ℎ2
) ℑ

−
1
2

(𝜂)                            (4)   

  

By considering the (3) equation can obtain the resistance of 

channel as: 

R = −
𝑊

𝐿𝑐ℎ

𝛼𝑞𝑛𝑖µ = (− 
𝑊

𝐿𝑐ℎ

𝑞2𝛼𝐿0 

𝜋𝑉𝑇

√
2𝑘𝐵𝑇

𝑚∗𝜋ℎ2
) (𝜁0(ղ))      (5) 
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Where w is the channel width. By plotting the resistance of 

channel and carrier mobility by changing channel length and 

𝐿0 = 3𝑛𝑚  , reducing of the resistance by growing in amount 

of the carrier mobility is performing. These variation is plotted 

for channel length between 20 and 100nm in Fig.3.As shown 

in Fig.3 by increasing the channel length the variation rate is 

more intense than shorter channels, although these changing 

are not more noticeable. 

 
Figure 2 (a, b): Schematic of proposed GNR- based 

MOSFET. (a)device and (b)the cross section. 

 

As a significant note , the carrier mobility rises with overlap 

region and remains constant as it reaches GNS Fermi mobility. 

Therefor signifying ballistic transport near the Fermi point is 

occurred. According to degenerate and non-degenerate 

regimes definition, within the band gap, Fermi level with the 

distance more than 3KBT from either the conduction or 

valence band edge demonstrates a non-degenerate condition, 

and within 3KBT of either band edge or lies inside a band is 

performed the degenerate regime[24]. As shown in the Fig.4(a) 

the mobility of carrier is reduced by carrier concentration at 

room temperature and in the shorter channel with less mobility 

the slop of variation is more tense than longer channel. 

 

      
 

Figure 3. plotting the resistance of channel and carrier 

mobility by changing channel length.It means that in the 

transistor by shorter channel current is higher than extended 

one. 

 

Moreover, the temperature effect on the mobility is shown 

in the Fig.4(b). The mobilıty variation by carrier concentration 

by temperature variation between 300°𝐾 ≤ 𝑇 ≤ 700°𝐾 is 

shown in the Fig.4(b). According to model result by growing 

the temperature mobility is reduced and the amount of 

decreasing for shorter channel is larger. The (I-V) characteristic 

of channel plotted in the Fig4. (c). The linear relation between 

current and voltage is seen in the channel. The shorter channel 

has higher current. 

The light emission controlled, powerfully anisotropic 

optical absorption, charge-carrier transport limitation and/or 

ballistic transport, make one-dimensional nanostructures 

perfect building blocks for applications in electronic, 

optoelectronic and highly photonic integrated circuits. 

  

(a) 

 

(b) 
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(c) 

 

Figure 4. The carrier mobility variation in the channel by 

carrier concentration. (a) The channel length variation by 

carrier concentration for different channel length in Nano scale 

from  (20𝑛𝑚 ≤ 𝐿 ≤ 100𝑛𝑚).(b)the mobility variation by 

temperature in the 40nm channel length in the room 

temperature.(c)The Current-voltage characteristics of channel 

for different channel length(20𝑛𝑚 ≤ 𝐿 ≤ 100𝑛𝑚). 

 

Recently, is focused on the high (terahertz) frequency 

devices based on these one-dimensional nanostructures, 

mainly  the semiconductor nanowires and carbon nanotubes 

[17, 26]. As an alternative, these study results confirmed the 

significant potential of GNS applications in the silicon-based 

FETs. It can be concluded that the proposed GNS-based FET 

would be proper for being employed in different applications 

of Nano-biotechnology. To support the analytical model 

results, it is compared by experimental consequences which 

are shown in the Fig.5. Ballistic transport is defined as freely 

particle traveling in one direction without more collision by 

another atom, impurities and defects. It means the mean free 

path of particles can be reduced and also, it is extended rather 

to the dimension of particle moving route in the Nano-scale. 

According to comparison the model supports the experimental 

grades and the suitable and acceptable outcomes are obtained 

in the ballistic transports of carriers in the concentration higher 

than 109𝑐𝑚−2[27]. The model is following the general model 

by a good approximately as shown in Fig. (5).  

 

3. Conclusion 

 

The GNS can be an innocent candidate to promising 

material of the Nano electronic devices in the new subsequent 

generation. The notable thermal, electrical, mechanical 

properties such as, high carrier mobility, quantum transport, 

long spin-diffusion length and thermodynamic stability made 

great potential applications in Nano electronics. In this 

research, the charge carrier mobility, delay time and 

concentration of carrier’s charge of graphene Nano scroll-

based MOSFET is analytically modeled and the carrier 

concentration, resistance of the channel dependency on 

mobility are emphasized. According to analytical results, the 

charge carrier mobility is improved by channel length and also, 

channel resistance is decreased by charge carrier mobility. In 

the other words the shorter channel length by shrinking device 

dimension and less carrier’s mobility and then high channel’s 

resistance is obtained. The carrier mobility is increased due to 

the current flow and extra carrier creating in the channel length 

by increasing the applied voltage in the across of the channel. 

Therefore, in the shorter dimension the applied voltage is 

smaller and power consumption is less than the others. 

Furthermore, by increasing the applied voltage across the 

channel the mobility is increased due to the current flow and 

extra carrier creating in the channel length. By carrier 

concentration falling, carrier mobility is amplified in GNS-

based FET. As a consequence, the analytical model is 

appropriate for being employed in different applications of 

nanotechnology. Consequently, the model is compared by 

experimental results and shown the acceptable outcomes to 

support the model. 

 

 

References 

[1] Rahman, M., et al., Analytical investigation on the 

electrooptical properties of graphene nanoscrolls for SPR-based 

sensor application. Journal of Computational Electronics, 2017. 

16(3): p. 787-795. 

[2] Pan, H., Y. Feng, and J. Lin, Ab initio study of electronic 

and optical properties of multiwall carbon nanotube structures 

made up of a single rolled-up graphite sheet. Physical Review 

B, 2005. 72(8). 

[3] Chen, Y., J. Lu, and Z.X. Gao, Structural and electronic 

study of nanoscrolls rolled up by a single graphene sheet. 

Journal of Physical Chemistry C, 2007. 111(4): p. 1625-1630. 

[4] Xie, X., et al., Controlled Fabrication of High-Quality 

Carbon Nanoscrolls from Monolayer Graphene. Nano Letters, 

2009. 9(7): p. 2565-2570. 

[5] Shi, X.H., N.M. Pugno, and H.J. Gao, MECHANICS OF 

CARBON NANOSCROLLS: A REVIEW. Acta Mechanica 

Solida Sinica, 2010. 23(6): p. 484-497. 

[6] Schaper, A.K., et al., Observations of the electrical 

behaviour of catalytically grown scrolled graphene. Carbon, 

2011. 49(6): p. 1821-1828. 

[7] Rurali, R., V. Coluci, and D. Galvao, Prediction of giant 

electroactuation for papyruslike carbon nanoscroll structures: 

first-principles calculations. Physical Review B, 2006. 74(8): p. 

085414. 

[8] Peng, X., et al., Computer simulation for storage of 

methane and capture of carbon dioxide in carbon nanoscrolls by 

expansion of interlayer spacing. Carbon, 2010. 48(13): p. 3760-

3768. 

[9] Mpourmpakis, G., E. Tylianakis, and G.E. Froudakis, 

Carbon nanoscrolls: A promising material for hydrogen storage. 



INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES-IJET 
Arashloo, Vol.9, No.4, 2024 
 

127 
 

Nano Letters, 2007. 7(7): p. 1893-1897. 

[10] Mohanapriya, K. and N. Jha, Fabrication of one 

dimensional graphene nanoscrolls for high performance 

supercapacitor application. Applied Surface Science, 2018. 

449: p. 461-467. 

[11] Coluci, V.R., et al., Prediction of the hydrogen storage 

capacity of carbon nanoscrolls. Physical Review B, 2007. 

75(12). 

[12] Coluci, V.R., et al., Hydrogen storage in carbon 

nanoscrolls: A molecular dynamics study, in Hydrogen Cycle-

Generation, Storage and Fuel Cells, A. Dillion, et al., Editors. 

2006. p. 153-+. 

[13] Braga, S.F., et al., Structure and dynamics of carbon 

nanoscrolls. Nano Letters, 2004. 4(5): p. 881-884. 

[14] Atri, P., D.C. Tiwari, and R. Sharma, Synthesis of 

reduced graphene oxide nanoscrolls embedded in polypyrrole 

matrix for supercapacitor applications. Synthetic Metals, 2017. 

227: p. 21-28. 

[15] Khaledian, M., R. Ismail, and E. Akbari, Band 

structures of graphene nanoscrolls and their dispersion relation 

near the Fermi point. RSC Advances, 2016. 6(45): p. 38753-

38760. 

[16] Zareiee, M., High Performance Nano Device with 

Reduced Short Channel Effects in High Temperature 

Applications. ECS Journal of Solid State Science and 

Technology, 2017. 6: p. M75-M78. 

[17] N, B.S. and P.S. P. Modeling and Simulation of 

Graphene NanoribbonField Effect Transistor (GNRFET). in 

2022 Fourth International Conference on Emerging Research 

in Electronics, Computer Science and Technology 

(ICERECT). 2022. 

 

 

 

 

 

 

 

 

 

 

[18] Hassanzadazar, M., et al., Electrical property analytical 

prediction on archimedes chiral carbon nanoscrolls. Journal of 

Electronic Materials, 2016. 45(10): p. 5404-5411. 

[19] Hamzah, M.A.N., et al., Geometry Effect on Graphene 

Nanoscrolls Band Gap. Journal of Computational and 

Theoretical Nanoscience, 2013. 10(3): p. 581-586. 

[20] Lemme, M.C., et al., Mobility in graphene double gate 

field effect transistors. Solid-State Electronics, 2008. 52(4): p. 

514-518. 

[21] Amin, N.A., et al., Low-field mobility model on 

parabolic band energy of graphene nanoribbon. Modern Physics 

Letters B, 2011. 25(04): p. 281-290. 

[22] Hillebrecht, F.U., Photoemission: Spin-polarized and 

Angle-resolved, in Encyclopedia of Materials: Science and 

Technology, K.H.J. Buschow, et al., Editors. 2001, Elsevier: 

Oxford. p. 6929-6936. 

[23] Hashim, Y., Investigation and design of ion-implanted 

MOSFET based on (18 nm) channel length. TELKOMNIKA 

(Telecommunication, Computing, Electronics and Control), 

2020. 18(5): p. 2635-2641. 

[25] Ahmadi, M.T., B.A. Arashloo, and T.K. Nguyen, 

Analytical modeling of graphene oxide based memristor. Ain 

Shams Engineering Journal, 2021. 12(2): p. 1741-1748. 

[26] Rahmani, M., et al., Investigating the Mobility of 

Trilayer Graphene Nanoribbon in Nanoscale FETs. Journal of 

Electronic Materials, 2017. 46(10): p. 6188-6194. 

[27] Peng, K. and M.B. Johnston, The application of one-

dimensional nanostructures in terahertz frequency devices. 

Applied Physics Reviews, 2021. 8(4): p. 041314. 

[28] Nam, Y., et al., Ballistic transport limited by electron-

hole collisions in charge-neutral graphene. 2017. 

 



INTERNATIONAL JOURNAL OF ENGINEERING TECHNOLOGIES-IJET 

Guide for Authors 

The International Journal of Engineering Technologies (IJET) seeks to promote and disseminate knowledge of 
the various topics of engineering technologies. The journal aims to present to the international community 
important results of work in the fields of engineering such as imagining, researching, planning, creating, testing, 
improving, implementing, using and asking. The journal also aims to help researchers, scientists, manufacturers, 
institutions, world agencies, societies, etc. to keep up with new developments in theory and applications and to 
provide alternative engineering solutions to current. 

The International Journal of Engineering Technologies is a quarterly published journal and operates an online 
submission and peer review system allowing authors to submit articles online and track their progress via its web 
interface. The journal aims for a publication speed of 60 days from submission until final publication. 

The coverage of IJET includes the following engineering areas, but not limited to: 

All filed of engineering such as;  

Chemical engineering 

 Biomolecular engineering 

 Materials engineering 

 Molecular engineering 

 Process engineering 

Civil engineering 

 Environmental engineering 

 Geotechnical engineering 

 Structural engineering 

 Transport engineering 

 Water resources engineering 

Electrical engineering 

 Computer engineering 

 Electronic engineering 

 Optical engineering 

 Power engineering 

 



Mechanical engineering 

 Acoustical engineering 

 Manufacturing engineering 

 Thermal engineering 

 Vehicle engineering 

Systems (interdisciplinary) engineering 

 Aerospace engineering 

 Agricultural engineering 

 Applied engineering 

 Biological engineering 

 Building services engineering 

 Energy engineering 

 Railway engineering 

 Industrial engineering 

 Mechatronics 

 Military engineering 

 Nano engineering 

 Nuclear engineering 

 Petroleum engineering 

Types of Articles submitted should be original research papers, not previously published, in one of the following 
categories, 

– Applicational and design studies. 

– Technology development, 

– Comparative case studies. 

– Reviews of special topics. 

– Reviews of work in progress and facilities development. 

– Survey articles. 

– Guest editorials for special issues. 



Ethic Responsibilities 

The publication of an article in peer-reviewed “International Journal of Engineering Technologies” is an essential 
building block in the development of a coherent and respected network of knowledge. It is a direct reflection of the 
quality of the work. Peer-reviewed articles support and embody the scientific method. It is therefore important to 
agree upon standards of expected ethical behavior for all parties involved in the act of publishing: the author, the 
journal editor, the peer reviewer, the publisher and the society of society-owned or sponsored journals. 

All authors are requested to disclose any actual or potential conflict of interest including any financial, personal or 
other relationships with other people or organizations within three years of beginning the submitted work that could 
inappropriately influence, or be perceived to influence, their work.  

Submission of an article implies that the work described has not been published previously that it is not under 
consideration for publication elsewhere. The submission should be approved by all authors and tacitly or explicitly 
by the responsible authorities where the work was carried out, and that, if accepted, it will not be published 
elsewhere in the same form, in English or in any other language, including electronically without the written 
consent of the copyright-holder.  

Upon acceptance of an article, authors will be asked to complete a “Copyright Form”. Acceptance of the agreement 
will ensure the widest possible dissemination of information. An e-mail will be sent to the corresponding author 
confirming receipt of the manuscript together with a “Copyright Form” form or a link to the online version of this 
agreement. 

Author Rights 

As a journal author, you retain rights for a large number of author uses, including use by your employing institute 
or company. These rights are retained and permitted without the need to obtain specific permission from IJET. 
These include: 

 The right to make copies (print or electronic) of the journal article for your own personal use, including for 
your own classroom teaching use; 

 The right to make copies and distribute copies (including via e-mail) of the journal article to research 
colleagues, for personal use by such colleagues for scholarly purposes; 

 The right to post a pre-print version of the journal article on internet web sites including electronic pre-
print servers, and to retain indefinitely such version on such servers or sites for scholarly purposes 

 the right to post a revised personal version of the text of the final journal article on your personal or 
institutional web site or server for scholarly purposes 

 The right to use the journal article or any part thereof in a printed compilation of your works, such as 
collected writings or lecture notes. 

Article Style 

Authors must strictly follow the guide for authors, or their articles may be rejected without review. Editors reserve 
the right to adjust the style to certain standards of uniformity. Follow Title, Authors, Affiliations, Abstract, 
Keywords, Introduction, Materials and Methods, Theory/Calculation, Conclusions, Acknowledgements, References 
order when typing articles. The corresponding author should be identified with an asterisk and footnote. Collate 



acknowledgements in a separate section at the end of the article and do not include them on the title page, as a 
footnote to the title or otherwise. 

Abstract and Keywords: 

Enter an abstract of up to 250 words for all articles. This is a concise summary of the whole paper, not just the 
conclusions, and is understandable without reference to the rest of the paper. It should contain no citation to other 
published work. Include up to six keywords that describe your paper for indexing purposes. 

Abbreviations and Acronyms: 

Define abbreviations and acronyms the first time they are used in the text, even if they have been defined in the 
abstract. Abbreviations such as IEEE, SI, MKS, CGS, sc, dc, and rms do not have to be defined. Do not use 
abbreviations in the title unless they are unavoidable. 

Text Layout for Peer Review: 

Use single column layout, double spacing and wide (3 cm) margins on white paper at the peer review stage. Ensure 
that each new paragraph is clearly indicated. Present tables and figure legends in the text where they are related and 
cited. Number all pages consecutively; use 12 pt font size and standard fonts; Times New Roman, Helvetica, or 
Courier is preferred. 

Research Papers should not exceed 12 printed pages in two-column publishing format, including figures and 
tables. 

Technical Notes and Letters should not exceed 2,000 words. 

Reviews should not exceed 20 printed pages in two-column publishing format, including figures and tables. 

Equations: 

Number equations consecutively with equation numbers in parentheses flush with the right margin, as in (1). To 
make equations more compact, you may use the solidus ( / ), the exp function, or appropriate exponents. Italicize 
Roman symbols for quantities and variables, but not Greek symbols. Use an dash (–) rather than a hyphen for a 
minus sign. Use parentheses to avoid ambiguities in denominators. Punctuate equations with commas or periods 
when they are part of a sentence, as in  

  C = a + b               (1) 

Symbols in your equation should be defined before the equation appears or immediately following. Use “Eq. (1)” 
or “equation (1),” while citing.  

Figures and Tables: 

All illustrations must be supplied at the correct resolution: 

    * Black and white and colour photos - 300 dpi 

    * Graphs, drawings, etc - 800 dpi preferred; 600 dpi minimum 

    * Combinations of photos and drawings (black and white and color) - 500 dpi 



In addition to using figures in the text, upload each figure as a separate file in either .tiff or .eps format during 
submission, with the figure number. 

Table captions should be written in the same format as figure captions; for example, “Table 1. Appearance styles.”. 
Tables should be referenced in the text unabbreviated as “Table 1.” 

References: 

Please ensure that every reference cited in the text is also present in the reference list (and viceversa). Any 
references cited in the abstract must be given in full. Unpublished results and personal communications are not 
recommended in the reference list, but may be mentioned in the text. Citation of a reference as “in press” implies 
that the item has been accepted for publication. Number citations consecutively in square brackets [1]. Punctuation 
follows the bracket [2]. Refer simply to the reference number, as in [3]. Use “Ref. [3]” or Reference [3]” at the 
beginning of a sentence:  “Reference [3] was …”. Give all authors’ names; use “et al.” if there are six authors or 
more. For papers published in translated journals, first give the English citation, then the original foreign-language 
citation. 

Books 

[1] J. Clerk Maxwell, A Treatise on Electricity and Magnetism, 3rd ed., vol. 2. Oxford:Clarendon 
Press, 1892, pp.68-73. 

Journals 

[2] Y. Yorozu, M. Hirano, K. Oka, and Y. Tagawa, “Electron spectroscopy studies on magneto-optical 
media and plastic substrate interface”, IEEE Transl. J. Magn. Japan, vol. 2, pp. 740-741, August 
1987. 

Conferences 

[3] Çolak I., Kabalci E., Bayindir R., and Sagiroglu S, “The design and analysis of a 5-level cascaded 
voltage source inverter with low THD”, 2nd PowerEng Conference, Lisbon, pp. 575-580, 18-20 
March 2009. 

Reports 

[4] IEEE Standard 519-1992, Recommended practices and requirements for harmonic control in 
electrical power systems, The Institute of Electrical and Electronics Engineers, 1993. 

 

Text Layout for Accepted Papers: 

A4 page margins should be margins: top = 24 mm, bottom = 24 mm, side = 15 mm. Main text should be given in 
two column. The column width is 87mm (3.425 in). The space between the two columns is 6 mm (0.236 in). 
Paragraph indentation is 3.5 mm (0.137 in). Follow the type sizes specified in Table. Position figures and tables at 
the tops and bottoms of columns. Avoid placing them in the middle of columns. Large figures and tables may span 
across both columns.  Figure captions should be centred below the figures; table captions should be centred above.  
Avoid placing figures and tables before their first mention in the text.  Use the abbreviation “Fig. 1,” even at the 
beginning of a sentence.  



Type size 
(pts.) 

Appearance 

Regular Bold Italic 

10 Authors’ affiliations, Section titles, 

references, tables, table names, first letters 
in table captions,figure captions, footnotes, 
text subscripts, and superscripts 

Abstract 

 

 

12 
Main text, equations, Authors’ names, a  Subheading 

(1.1.) 

24 Paper title   

 

 Submission checklist: 

It is hoped that this list will be useful during the final checking of an article prior to sending it to the journal's 
Editor for review. Please consult this Guide for Authors for further details of any item. Ensure that the following 
items are present: 

 One Author designated as corresponding Author: 

• E-mail address 

• Full postal address 

• Telephone and fax numbers 

 All necessary files have been uploaded 

• Keywords: a minimum of 4 

• All figure captions (supplied in a separate document) 

• All tables (including title, description, footnotes, supplied in a separate document) 

 Further considerations 

• Manuscript has been "spellchecked" and "grammar-checked" 

• References are in the correct format for this journal 

• All references mentioned in the Reference list are cited in the text, and vice versa 

• Permission has been obtained for use of copyrighted material from other sources (including the Web) 

• Color figures are clearly marked as being intended for color reproduction on the Web (free of charge) and in print 
or to be reproduced in color on the Web (free of charge) and in black-and-white in print. 

 

 



Article Template Containing Author Guidelines for 
Peer-Review  

 

First Author*, Second Author**‡, Third Author*** 

*Department of First Author, Faculty of First Author, Affiliation of First Author, Postal address 

**Department of Second Author, Faculty of First Author, Affiliation of First Author, Postal 
address 

***Department of Third Author, Faculty of First Author, Affiliation of First Author, Postal 
address  

(First Author Mail Address, Second Author Mail Address, Third Author Mail Address) 

‡ Corresponding Author; Second Author, Postal address, Tel: +90 312 123 4567, Fax: +90 312 
123 4567,corresponding@affl.edu 

Received: xx.xx.xxxx Accepted:xx.xx.xxxx 

 
 

Abstract- Enter an abstract of up to 250 words for all articles. This is a concise summary of the whole 

paper, not just the conclusions, and is understandable without reference to the rest of the paper. It should 

contain no citation to other published work. Include up to six keywords that describe your paper for 

indexing purposes. Define abbreviations and acronyms the first time they are used in the text, even if they 

have been defined in the abstract. Abbreviations such as IEEE, SI, MKS, CGS, sc, dc, and rms do not 

have to be defined. Do not use abbreviations in the title unless they are unavoidable. 

 

Keywords- Keyword1; keyword2; keyword3; keyword4; keyword5. 

 

2. Introduction 

Authors should any word processing software that is capable to make corrections on misspelled words 

and grammar structure according to American or Native English. Authors may get help by from word 



processor by making appeared the paragraph marks and other hidden formatting symbols. This sample 

article is prepared to assist authors preparing their articles to IJET.  

Indent level of paragraphs should be 0.63 cm (0.24 in) in the text of article. Use single column layout, 

double-spacing and wide (3 cm) margins on white paper at the peer review stage. Ensure that each new 

paragraph is clearly indicated. Present tables and figure legends in the text where they are related and 

cited. Number all pages consecutively; use 12 pt font size and standard fonts; Times New Roman, 

Helvetica, or Courier is preferred. Indicate references by number(s) in square brackets in line with the 

text. The actual authors can be referred to, but the reference number(s) must always be given. Example: 

"..... as demonstrated [3, 6]. Barnaby and Jones [8] obtained a different result ...." 

IJET accepts submissions in three styles that are defined as Research Papers, Technical Notes and 

Letter, and Review paper. The requirements of paper are as listed below:  

 Research Papers should not exceed 12 printed pages in two-column publishing format, including 

figures and tables. 

 Technical Notes and Letters should not exceed 2,000 words. 

 Reviews should not exceed 20 printed pages in two-column publishing format, including figures 

and tables. 

Authors are requested write equations using either any mathematical equation object inserted to word 

processor or using independent equation software. Symbols in your equation should be defined before the 

equation appears or immediately following. Use “Eq. (1)” or “equation (1),” while citing. Number 

equations consecutively with equation numbers in parentheses flush with the right margin, as in Eq. (1). 

To make equations more compact, you may use the solidus ( / ), the exp function, or appropriate 

exponents. Italicize Roman symbols for quantities and variables, but not Greek symbols. Use an dash (–) 

rather than a hyphen for a minus sign. Use parentheses to avoid ambiguities in denominators. Punctuate 

equations with commas or periods when they are part of a sentence, as in  

  C = a + b               (1) 



Section titles should be written in bold style while sub section titles are italic.   

3. Figures and Tables 

3.1. Figure Properties 

All illustrations must be supplied at the correct resolution: 

 Black and white and colour photos - 300 dpi 

 Graphs, drawings, etc - 800 dpi preferred; 600 dpi minimum 

 Combinations of photos and drawings (black and white and colour) - 500 dpi 

In addition to using figures in the text, Authors are requested to upload each figure as a separate file in 

either .tiff or .eps format during submission, with the figure number as Fig.1., Fig.2a and so on. Figures 

are cited as “Fig.1” in sentences or as “Figure 1” at the beginning of sentence and paragraphs. 

Explanations related to figures should be given before figure. Figures and tables should be located at the 

top or bottom side of paper as done in accepted article format.  

 

Figure 1. Engineering technologies. 

 



Table captions should be written in the same format as figure captions; for example, “Table 1. 

Appearance styles.”. Tables should be referenced in the text unabbreviated as “Table 1.” 

Table 1. Appearance properties of accepted manuscripts 

Type size 
(pts.) 

Appearance 

Regular Bold Italic 
10 Authors’ affiliations, Abstract, keywords, 

references, tables, table names, figure captions, 
footnotes, text subscripts, and superscripts 

Abstract 
 

 

12 Main text, equations, Authors’ names, 
Section titles 

 Subheading 
(1.1.) 

24 Paper title   

 

4. Submission Process 

The International Journal of Engineering Technologies operates an online submission and peer 

review system that allows authors to submit articles online and track their progress via a web interface. 

Articles that are prepared referring to this template should be controlled according to submission checklist 

given in “Guide f Authors”. Editor handles submitted articles to IJET primarily in order to control in 

terms of compatibility to aims and scope of Journal.  

Articles passed this control are checked for grammatical and template structures. If article passes this 

control too, then reviewers are assigned to article and Editor gives a reference number to paper. Authors 

registered to online submission system can track all these phases. 

Editor also informs authors about processes of submitted article by e-mail. Each author may also 

apply to Editor via online submission system to review papers related to their study areas. Peer review is a 

critical element of publication, and one of the major cornerstones of the scientific process. Peer Review 

serves two key functions: 

 Acts as a filter: Ensures research is properly verified before being published 

 Improves the quality of the research 



5.  Conclusion 

The conclusion section should emphasize the main contribution of the article to literature. Authors 

may also explain why the work is important, what are the novelties or possible applications and 

extensions. Do not replicate the abstract or sentences given in main text as the conclusion. 

Acknowledgements 

Authors may acknowledge to any person, institution or department that supported to any part of study. 

References 

[1] J. Clerk Maxwell, A Treatise on Electricity and Magnetism, 3rd ed., vol. 2. Oxford:Clarendon Press, 1892, pp.68-73. 

(Book) 

[2] H. Poor, An Introduction to Signal Detection and Estimation, New York: Springer-Verlag, 1985, ch. 4. (Book Chapter) 

[3] Y. Yorozu, M. Hirano, K. Oka, and Y. Tagawa, “Electron spectroscopy studies on magneto-optical media and plastic 

substrate interface”, IEEE Transl. J. Magn. Japan, vol. 2, pp. 740-741, August 1987. (Article) 

[4] E. Kabalcı, E. Irmak, I. Çolak, “Design of an AC-DC-AC converter for wind turbines”, International Journal of Energy 

Research, Wiley Interscience, DOI: 10.1002/er.1770, Vol. 36, No. 2, pp. 169-175. (Article) 

[5] I. Çolak, E. Kabalci, R. Bayindir R., and S. Sagiroglu, “The design and analysis of a 5-level cascaded voltage source 

inverter with low THD”, 2nd PowerEng Conference, Lisbon, pp. 575-580, 18-20 March 2009. (Conference Paper) 

[6] IEEE Standard 519-1992, Recommended practices and requirements for harmonic control in electrical power systems, 

The Institute of Electrical and Electronics Engineers, 1993. (Standards and Reports) 

 

 

 

 

 

 

 



Article Template Containing Author Guidelines for 
Accepted Papers  

 

First Author*, Second Author**‡, Third Author*** 

 

*Department of First Author, Faculty of First Author, Affiliation of First Author, Postal address 

**Department of Second Author, Faculty of First Author, Affiliation of First Author, Postal address 

***Department of Third Author, Faculty of First Author, Affiliation of First Author, Postal address 

(First Author Mail Address, Second Author Mail Address, Third Author Mail Address) 

 

‡ Corresponding Author; Second Author, Postal address, Tel: +90 312 123 4567,  

Fax: +90 312 123 4567,corresponding@affl.edu 

 
Received: xx.xx.xxxx Accepted:xx.xx.xxxx 

 
Abstract- Enter an abstract of up to 250 words for all articles. This is a concise summary of the whole paper, not just the 
conclusions, and is understandable without reference to the rest of the paper. It should contain no citation to other published 
work. Include up to six keywords that describe your paper for indexing purposes. Define abbreviations and acronyms the first 
time they are used in the text, even if they have been defined in the abstract. Abbreviations such as IEEE, SI, MKS, CGS, sc, 
dc, and rms do not have to be defined. Do not use abbreviations in the title unless they are unavoidable. 

Keywords Keyword1, keyword2, keyword3, keyword4, keyword5. 

 

1. Introduction 

Authors should any word processing software that is 
capable to make corrections on misspelled words and 
grammar structure according to American or Native English. 
Authors may get help by from word processor by making 
appeared the paragraph marks and other hidden formatting 
symbols. This sample article is prepared to assist authors 
preparing their articles to IJET.  

Indent level of paragraphs should be 0.63 cm (0.24 in) in 
the text of article. Use single column layout, double-spacing 
and wide (3 cm) margins on white paper at the peer review 
stage. Ensure that each new paragraph is clearly indicated. 
Present tables and figure legends in the text where they are 
related and cited. Number all pages consecutively; use 12 pt 
font size and standard fonts; Times New Roman, Helvetica, 
or Courier is preferred. Indicate references by number(s) in 
square brackets in line with the text. The actual authors can 
be referred to, but the reference number(s) must always be 
given. Example: "..... as demonstrated [3,6]. Barnaby and 
Jones [8] obtained a different result ...." 

IJET accepts submissions in three styles that are defined 
as Research Papers, Technical Notes and Letter, and Review 
paper. The requirements of paper are as listed below:  

 Research Papers should not exceed 12 printed pages 
in two-column publishing format, including figures and 
tables. 

 Technical Notes and Letters should not exceed 
2,000 words. 

 Reviews should not exceed 20 printed pages in two-
column publishing format, including figures and tables. 

Authors are requested write equations using either any 
mathematical equation object inserted to word processor or 
using independent equation software. Symbols in your 
equation should be defined before the equation appears or 
immediately following. Use “Eq. (1)” or “equation (1),” 
while citing. Number equations consecutively with equation 
numbers in parentheses flush with the right margin, as in Eq. 
(1). To make equations more compact, you may use the 
solidus ( / ), the exp function, or appropriate exponents. 
Italicize Roman symbols for quantities and variables, but not 
Greek symbols. Use an dash (-) rather than a hyphen for a 



minus sign. Use parentheses to avoid ambiguities in 
denominators. Punctuate equations with commas or periods 
when they are part of a sentence, as in  

C = a + b              (1) 

Section titles should be written in bold style while sub 
section titles are italic. 

6. Figures and Tables 

6.1. Figure Properties 

All illustrations must be supplied at the correct 
resolution: 

 Black and white and colour photos - 300 dpi 

 Graphs, drawings, etc - 800 dpi preferred; 600 dpi 
minimum 

 Combinations of photos and drawings (black and 
white and colour) - 500 dpi 

In addition to using figures in the text, Authors are 
requested to upload each figure as a separate file in either 
.tiff or .eps format during submission, with the figure number 
as Fig.1., Fig.2a and so on. Figures are cited as “Fig.1” in 

sentences or as “Figure 1” at the beginning of sentence and 
paragraphs. Explanations related to figures should be given 
before figure.  

 

Fig. 1. Engineering technologies. 

Figures and tables should be located at the top or bottom 
side of paper as done in accepted article format. Table 
captions should be written in the same format as figure 
captions; for example, “Table 1. Appearance styles.”. Tables 
should be referenced in the text unabbreviated as “Table 1.” 

Table 1. Appearance properties of accepted manuscripts 

Type size (pts.) 
Appearance 

Regular Bold Italic 

10 
Main text, section titles, authors’ affiliations, abstract, 

keywords, references, tables, table names, figure captions, 
equations, footnotes, text subscripts, and superscripts 

Abstract- Subheading (1.1.) 

12 Authors’ names,    

24 Paper title   

 

6.2. Text Layout for Accepted Papers 

A4 page margins should be margins: top = 24 mm, 
bottom = 24 mm, side = 15 mm. The column width is 87mm 
(3.425 in). The space between the two columns is 6 mm 
(0.236 in). Paragraph indentation is 3.5 mm (0.137 in). 
Follow the type sizes specified in Table. Position figures and 
tables at the tops and bottoms of columns. Avoid placing 
them in the middle of columns. Large figures and tables may 
span across both columns.  Figure captions should be centred 
below the figures; table captions should be centred above.  
Avoid placing figures and tables before their first mention in 
the text. Use the abbreviation “Fig. 1,” even at the beginning 
of a sentence. 

 

7. Submission Process 

The International Journal of Engineering Technologies 
operates an online submission and peer review system that 
allows authors to submit articles online and track their 
progress via a web interface. Articles that are prepared 
referring to this template should be controlled according to 
submission checklist given in “Guide f Authors”. Editor 
handles submitted articles to IJET primarily in order to 
control in terms of compatibility to aims and scope of 
Journal. Articles passed this control are checked for 
grammatical and template structures. If article passes this 
control too, then reviewers are assigned to article and Editor 
gives a reference number to paper. Authors registered to 
online submission system can track all these phases. Editor 
also informs authors about processes of submitted article by 
e-mail. Each author may also apply to Editor via online 



submission system to review papers related to their study 
areas. Peer review is a critical element of publication, and 
one of the major cornerstones of the scientific process. Peer 
Review serves two key functions: 

 Acts as a filter: Ensures research is properly verified 
before being published 

 Improves the quality of the research 

 

8. Conclusion 

The conclusion section should emphasize the main 
contribution of the article to literature. Authors may also 
explain why the work is important, what are the novelties or 
possible applications and extensions. Do not replicate the 
abstract or sentences given in main text as the conclusion. 

Acknowledgements 

Authors may acknowledge to any person, institution or 
department that supported to any part of study. 

References 

[7] J. Clerk Maxwell, A Treatise on Electricity and 
Magnetism, 3rd ed., vol. 2. Oxford:Clarendon Press, 
1892, pp.68-73. (Book) 

[8] H. Poor, An Introduction to Signal Detection and 
Estimation, New York: Springer-Verlag, 1985, ch. 4. 
(Book Chapter) 

[9] Y. Yorozu, M. Hirano, K. Oka, and Y. Tagawa, “Electron 
spectroscopy studies on magneto-optical media and 
plastic substrate interface”, IEEE Transl. J. Magn. Japan, 
vol. 2, pp. 740-741, August 1987. (Article) 

[10] E. Kabalcı, E. Irmak, I. Çolak, “Design of an AC-
DC-AC converter for wind turbines”, International 
Journal of Energy Research, Wiley Interscience, DOI: 
10.1002/er.1770, Vol. 36, No. 2, pp. 169-175. (Article) 

[11] I. Çolak, E. Kabalci, R. Bayindir R., and S. 
Sagiroglu, “The design and analysis of a 5-level cascaded 
voltage source inverter with low THD”, 2nd PowerEng 
Conference, Lisbon, pp. 575-580, 18-20 March 2009. 
(Conference Paper) 

[12] IEEE Standard 519-1992, Recommended practices 
and requirements for harmonic control in electrical power 
systems, The Institute of Electrical and Electronics 
Engineers, 1993. (Standards and Reports)



 

INTERNATIONAL JOURNAL OF ENGINEERING TECHNOLOGIES (IJET)  
COPYRIGHT AND CONSENT FORM 

 
This form is used for article accepted to be published by the IJET. Please read the form carefully and keep a copy for your 
files. 
 
TITLE OF ARTICLE (hereinafter, "The Article"): 

………..…………………………………………………....................………………………………………………………… 

………..…………………………………………………....................……………………………………………………………

…………..………………………………………………………………………..…………………………………………… 

LIST OF AUTHORS: 

………..……………………………………………………………...…..……………………………………………………… 

………..…………………………………………………....................……………………………………………………………

……………………………………………………………………..……………………………………………..…………… 

CORRESPONDING AUTHOR’S (“The Author”) NAME, ADDRESS, INSTITUTE AND EMAIL: 
 
………………………………………………………………………..………………………………………………………… 

………..…………………………………………………....................……………………………………………………………

…………..………………………………………………………………………..…………………………………….…… 

 
COPYRIGHT TRANSFER 

 
The undersigned hereby transfers the copyright of the submitted article to International Journal of Engineering Technologies 
(the "IJET"). The Author declares that the contribution and work is original, and he/she is authorized by all authors and/or 
grant-funding agency to sign the copyright form. Author hereby assigns all including but not limited to the rights to publish, 
distribute, reprints, translates, electronic and published derivates in various arrangements or any other versions in full or 
abridged forms to IJET. IJET holds the copyright of Article in its own name.  
 
Author(s) retain all rights to use author copy in his/her educational activities, own websites, institutional and/or funder’s web 
sites by providing full citation to final version published in IJET. The full citation is provided including Authors list, title of the 
article, volume and issue number, and page number or using a link to the article in IJET web site. Author(s) have the right to 
transmit, print and share the first submitted copies with colleagues. Author(s) can use the final published article for his/her own 
professional positions, career or qualifications by citing to the IJET publication. 
 
Once the copyright form is signed, any changes about the author names or order of the authors listed above are not accepted by 
IJET. 
 
 

Authorized/Corresponding Author 
 

Date/ Signature 

 


