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EXECUTIVE SUMMARY  
 

This detailed report serves to highlight the Australian University (AU) and Kuwait Foundation for the 

Advancement of Sciences (KFAS) joint Research Grants achievements across a range of disciplines for 

the academic year 2024/2025. Over the last few years, research at AU has undergone a fundamental 

transformation where the university has redesigned its strategy and governance framework to ensure 

that research is a core function and strategic priority. To support the university’s research vision, AU’s 

Scientific Research Center has been establishing thematic lines of research that address areas of priority 

aligned with the National Development Plan of Kuwait (Kuwait Vision 2035). The university has 

broadened its research scope and implemented schemes to fund multidisciplinary research that focus 

on key national priority issues. During 2024/2025, AU faculty members have published a total of 18 

research works funded by KFAS (12 journal papers and 6 conference papers) and two journal papers 

under review. Many peer-reviewed papers were published in Q journals: 9 publications in Q1 journals, 

2 in Q2 journals, and 1 in no Quartile. The pages of this report outline the strong research trajectory 

between AU and KFAS. Please refer to the full report for additional details, figures, and the journal 

publications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

RESEARCH AT AU  
 

Research at AU has undergone a fundamental transformation within the last few years. The University 

redesigned its strategy and governance framework to ensure that research with impact becomes a core 

function and a strategic priority. The University has been focusing on the following research areas: 

water and environment, energy, materials, mechatronics and automation, learning philosophies and 

frameworks in higher education, innovation and entrepreneurship, business management and finance, 

as well as marketing and communication. To better exchange knowledge, the College progressed to 

establish national and international partnerships to strengthen its research capabilities. These 

partnerships provided the College with access to resources and networks. For instance, the University 

signed agreements with its international partners to allow faculty to conduct joint research 

collaborations. On a national level, it broadened its research scope through collaborations with local 

funding institutions such as KFAS.  Internally, it implemented grant schemes to fund multidisciplinary 

research that focuses on key national priority issues. Furthermore, incentive plans were designed and 

executed to encourage faculty to engage in research and publications in renowned journals. AU has 

diverse, highly qualified faculty members with extensive levels of expertise over a broad range of 

subject areas. Our faculty members strive to produce graduates at the highest level that can face the 

constantly changing and challenging demands of the industry 

 

In support of this vision, the Research Center is establishing and sustaining thematic lines of applied 

research that address priority areas aligned with the National Development Plan of Kuwait (New 

Kuwait Vision 2035). In addition, the research conducted is focused on real-life problems and is led by 

a strong engagement with the industry.  AU’s research program works to increase the impact and 

productivity of research and scholarly activities across and between the disciplines within and outside 

the University. 

 

VISION AND MISSION 

Vision 

Our research vision is to enhance the profile of AU as a higher educational institution by contributing 

to the pursuit of original research aimed at extending the boundaries of applied knowledge.  

 

Mission 

The research mission is as follows: 

• To enhance the research profile of AU locally, regionally, and internationally 

• To create national and international impact in the field of applied research 

• To establish a research program supportive of the applied teaching model at AU 

• To create interdisciplinary and collaborative research 

• To sustain strong partnerships with research funding organizations such as, KFAS, Kuwait 

Institute for Scientific Research (KISR), and the industry. 

 

 



  

 

 

 

 

 

AU-KFAS Research Grants 

 
AU is keen to play an important role in development and capacity building in research and 

technology through KFAS funded joint research projects with international universities. These 

proposals address national research priorities aligned with Kuwait National Development Plan. For the 

academic year 2024/2025, AU faculty members have published a total of 18 research work related to 

the funded KFAS grants (12 Journal papers and 6 Conference papers) and two journal papers under 

review as depicted in Figure 1. Many peer-reviewed papers were published in Q journals (ranking based 

on Scopus) as depicted in Figure 2. According to Scopus, 9 publications in Q1 Journals (research paper 

published in top 25% of the international journals), 2 publications in Q2 Journals (research paper 

published in the middle-high position – between top 50% and top 25%), and 1 in no Quartile journals. 

 

 

Figure 1. Summary of published research by AU faculty members as related to KFAS grants for the 

academic year 2024/2025 

 

 

 

 

 

 



  

 

 

 

 

 

 

Figure 2. AU Research Faculty Output in Q-Journals for academic year 2024/2025 
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Department :  Scientific Research Centre 

Academic Year :  2024-2025    

 

 

 
 

 

 

 
 

1 ACK Faculty Research Output  

 

 

 

 
 

Publications – KFAS Grants (Academic Year 09/2024-06/2025) 
 

Sr. 

 

 التسلسل 

Authors 

 

 المؤلف

Publication Title 

 

 عنوان النشر 

Name of Journal/ 

Conference 

 

 اسم المجلة/المؤتمر 

Category / Impact 

Factor 

 
 

 الفئة / عامل التأثير

Date 

 

 التاريخ 

KFAS  

Grant # 

College of Engineering 

1.  

Md Nurun Nabi, Wisam 

K Hussam, Mohammad 

G Rasul, Ashfaque 

Ahmed Chowdhury, Md 

Islam Jahirul, Roksana 

Yasmin, Peter Brooks, 

Nahina Islam, Alia H 

Marafie 

Novel Biofuels Derivation 

and Characterisation From 

Macadamia Integrifolia, 

Undaria Pinnatifida and 

Tree Mulch via Advanced 

Pyrolysis 

International Journal 

of Energy Research 

Journal 

(Q2: Impact Factor: 4.9) 

 

13/5/2025 

 

 

 

 

CN22-15SE-1612 

2.  

Wisam K Hussam, Md 

Nurun Nabi, Mohammad 

G Rasul, Ashfaque 

Ahmed Chowdhury, 

Fazlur Rashid, Nahina 

Islam 

Innovative Insights into 

Engine Performance and 

Emissions-A Numerical 

and Experimental 

Investigation of Aliphatic 

Hydrocarbons and 

Renewable Dimethyl Ether 

Case Studies in 

Thermal Engineering 

Journal 

(Q1: Impact Factor: 7.39) 

 

27/5/2025 

 

 

 

CN22-15SE-1612 

3.  
Md Nurun Nabi, Wisam 

K Hussam, Md Islam 

Improvement of engine 

performance, combustion 

Case Studies in 

Chemical and 

Journal 

(Q1: Impact Factor: 8.1) 
24/3/2025 
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Publications – KFAS Grants (Academic Year 09/2024-06/2025) 
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 التسلسل 

Authors 
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Publication Title 

 

 عنوان النشر 

Name of Journal/ 

Conference 
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Grant # 

Jahirul, Mohammad G 

Rasul, Ashfaque Ahmed 

Chowdhury, Peter Brooks 

and remarkable reductions 

in NOx, CO and unburned 

HC emissions fuelling with 

mixed plastic pyrolysis oil 

and oxygenated additives 

Environmental 

Engineering 

  

 

CN22-15SE-1612 

4.  

Jean H El Achkar, Suad 

Al Radhwan, Ahmed M 

Al-Otaibi, Abdul Md 

Mazid 

Optimizing food waste 

anaerobic digestion in 

Kuwait: Experimental 

insights and empirical 

modelling using artificial 

neural networks 

Waste Management & 

Research 

Journal   

(Q1: Impact Factor: 4.6)  

 

5/10/2024 

 

 

 

PP22-15SE-1593 

5.  

Mohammad Hany 

Yassin, Rana Ezzdine 

Lakys, Zein-Eddine 

Merouani, Adel Jumah & 

Mohamad Hussein Farhat 

Performance analysis of 

palm tree microfibers in 

concrete 

Scientific Reports 
Journal 

(Q1: Impact Factor: 3.9) 
19/12/2024 

 

 

PN20-35EV-02 

6.  

Mohammad Hany 

Yassin, Mohamad 

Hussein Farhat, Michel 

Nahas, Ahmad Said Saad 

Investigation of fiber Bragg 

grating sensor 

measurability in concrete 

beams under static load 

conditions 

Heliyon 
Journal 

(Q1: Impact Factor: 4.0) 
1/11/2024 

 

 

PR20-15 EE-01 

7.  
Yassin, M.H., Farhat, 

M.H., Soleimanpour, R. 

et al.  

Fiber Bragg grating (FBG)-

based sensors: a review of 

technology and recent 

applications in structural 

health monitoring (SHM) 

Discover Civil 

Engineering 

Journal 

(N/A: Impact Factor: 

N/A) 

25/11/2024 

 

PR20-15EE-01 & 

PR19-15EC-09. 
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of civil engineering 

structures 

8.  

Majdi M. Alomari, 

Hania EL-Kanj, Ayse 

Topal, Nafesah I. 

Alshdaifat 

Designing an Effective 

Energy Literacy Course: A 

Multi-Phase Approach 

Tailored to Kuwaiti 

Students' Needs 

 

World Transactions 

on Engineering and 

Technology 

Education 

Journal 

(Q2: Impact Factor: 0.96)  
1/12/2024  

 

 

 

CN23-42SE-1891 

 

9.  
R Kalbasi, A Sedaghat,  

A Al-Masri, 

 

An experimental study on 

application of phase change 

materials in a portable cabin 

in Wintertime of Kuwait 

under Active/Passive 

cooling 

Applied Thermal 

Engineering 

Journal   

(Q1: Impact Factor: 6.95)  
  

14/9/2024  

 

 

CN19-35EM-06 

10.  

Ahmad Sedaghat, 

Rasool Kalbasi, Ali 

Mostafaeipour, 

Mohammad Nazififard 

Practical application of 

machine learning in energy 

and thermal management: 

Long-term data analysis of 

solar-assisted AC systems 

in portable cabins in Kuwait 

and Australia 

Renewable Energy 

Journal   

(Q1: Impact Factor: 9.0)  

  

5/10/2024  

 

 

CN19-35EM-06 

11.  

Mohammad Hany 

Yassin, Zainab Al Hajaj, 

Rana Lakys, Zein-Eddine 

Merouanid, Adel Jumaah 

The Influence of Palm Tree 

Fiber Addition on the 

Physical, Mechanical and 

Thermal Properties of 

2 High Strength Concrete 

Materials and 

Structures 

Journal   

(Q1: Impact Factor: 3.14)  

 

28/1/2025 

PN20-35EV-02 

CN20-35-EM-04 
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12.  

Mohamad H Farhat, 

Youssef Mazloum,  

Samer Wakim,  

Wissam Bou Nader, 

Meshari ALEbrahim, 

Nader Ghareeb 

Energy optimization of 

parabolic dish solar 

concentrator coupled to 

organic Rankine cycle: 

Experimental and analytical 

investigation of cavity 

receiver design and 

covering effects 

International Journal 

of Thermofluids 

Journal   

(Q1: Impact Factor: 8.71)  

 

16/6/2024 

 

 

 

CN22-15EE-1626 

13.  
Nader Ghareeb, Umar 

Nimal, Hussein Zughaer, 

Bader Alshuraiaan 

The developments office 

ergonomics and Human 

factors – A critical review 

Results in 

Engineering 

Journal   

(Q1: Impact Factor: 9.2)  

 

Under review 

 

CN22-18IQ-1621 

14.  

Nader Ghareeb, Umar 

Nimal, Hussein Zughaer, 

Ammar Alshalabi, Bader 

Alshuraiaan 

Ergonomic awareness and 

practices: A comparative 

analysis of trends, 

challenges and 

opportunities among 

diverse demographics 

Theoretical Issues in 

Ergonomic Science 

Journal   

(Q2: Impact Factor: 2.97)  

 

Under review 

 

 

CN22-18IQ-1621 

Conference Publications 

1.  

Wisam K. Hussam, Asif 

Jaman3, Raouf Mibarki, 

Rafid Al 

Mahmud, and Gregory J. 

Sheard 

Techno-economic and 

environmental evaluation 

of integrated microgrid 

systems for electrification 

and hydrogen production 

 

HEET2024: The 7th 

International 

Symposium on 

Hydrogen Energy and 

Energy Technologies 

Conference 

Osaka, Japan 

Conference  
14-

15/11/2024 

 

 

 

CN22-15SE-1612 
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2.  

Ahmad Sedaghat, 

Mohammad Nazififard, 

and Mo-hamad Iyad Al-

Khiami, 

Dynamic IoT 

Determination of Overall 

Heat Transfer Coefficient 

in a Portable Cabin in 

Kuwait 

7th IFIP International 

Internet of Things 

(IoT) Conference, 

Nice - Sophia 

Antipolis, France 

Conference  6-8/11/ 2024 

 

 

CN19-35EM-06 

3.  

Mohamad Iyad Al-

Khiami, Sayed Mohamad 

Soleimani, Ahmad 

Sedaghat, Mahdi 

Ashtian Malayer 

Impact of Phase Change 

Materials on Temperature 

Regulation in Passive 

Cooling Systems 

9th International 

Conference on 

Sustainable Energy 

Engineering (ICSEE 

2025), Australia 

Conference 18-20/1/2025 

 

 

CN19-35EM-06 

4.  

Arash Mehdizadeh, 

Ahmad Sedaghat, and 

Sayed Mohamad 

Soleimani 

Thermal Comfort, 

Humidity, and Air Quality 

in Passive Cooling Systems 

Using Phase Change 

Materials 

2nd GCC International 

Conference on 

Industrial Engineering 

and Operations 

Management, Muscat, 

Oman 

Conference  1-3/12/ 2024 

 

 

CN19-35EM-06 

5.  Nader Ghareeb 

Understanding office 

ergonomics and employees 

well-being in the 

workplace 

2025 AHFE 

International 

Conference on 

Human Factors in 

Design, Hawaii, USA 

Conference 8-10/12/2025 

 

 

CN22-18IQ-1621 

6.  

Mohamad Farhat, 

Yousef Mazloum, Samer 

Wakim, Wissam Bou 

Nader, Meshari 

ALEbrahim 

Optimizing Solar Parabolic 

Concentrators with 

Cylindrical and 

2025 10th 

International 

Conference on 

Sustainable and 

Renewable Energy 

Conference 13-16/5/2025 

 

 

CN22-15EE-1626 
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Practical application of machine learning in energy and thermal 
management: Long-term data analysis of solar-assisted AC systems in 
portable cabins in Kuwait and Australia

Ahmad Sedaghat a,*, Rasool Kalbasi b, Ali Mostafaeipour c, Mohammad Nazififard d

a Department of Mechanical Engineering, College of Engineering, Australian University, West Mishref, Safat, 13015, Kuwait
b Department of Mechanical Engineering, Najafabad Branch, Islamic Azad University, Najafabad, Iran
c Civil and Environmental Engineering Department, California State University, Fullerton, CA, USA
d Polytech’Lab, Université Côte d’Azur, Nice, France

A R T I C L E  I N F O

Keywords:
Building energy-saving
Gaussian process regression
Machine learning
Photovoltaic
Solar-assisted air conditioning

A B S T R A C T

Machine learning techniques are advancing rapidly in theoretical grounds, but their practical application and 
real evaluation in engineering disciplines are limited. This study investigates one-year of experimental data for 
indoor air conditions and energy monitoring of two identical portable cabins in Kuwait. Additionally, a 9-month 
period of solar photovoltaic energy production is experimentally obtained for assessing energy saving aspects of a 
solar assisted air conditioning system in one of the cabins. A transient system simulation tool model is developed 
and validated for the portable cabins. Both one-year experimental data and the validated simulation data are 
used for developing machine learning models for six case studies in Kuwait and Australia. In simulations, there 
are issues related to lack of access to real-time weather data from a locally installed weather station. In exper
imental works, there were issues related to disruption of data collection due to power or internet shutdowns. To 
resolve these issues, nineteen regression models are investigated. It was found that all models performed very 
well although the Matern 5/2 and Exponential gaussian process regression model performed slightly better, with 
all models achieving high accuracy, as indicated by R-squared values close to 1.0 in all six case studies. Overall, it 
was found that the photovoltaic solar-assisted air conditioning system could save annually 26.2 % and 75.7 % 
energy in Kuwait and Rockhampton, Australia, respectively.

Abbreviations

AC Air Conditioning
ANN Artificial Neural Network
AU Australian University
BES Building Energy Saving
CNN Convolutional Neural Network
CFD Computational Fluid Dynamics
COP Coefficient of Performance
CO2 Carbon Dioxide
DL Deep Learning
EGB Extreme Gradient Boosting
ESS Energy Storage System
ETM Event-Triggered Mechanism
KFAS Kuwait Foundation for the Advancement of Sciences
LCSA Life Cycle Sustainability Assessment
LED Light-Emitting Diode

(continued on next column)

(continued )

GA Genetic Algorithm
GCC Gulf Cooperation Council
GPR Gaussian Process Regression
IoT Internet of Things
ML Machine Learning
MOD Margin of Deviation
MPPT Maximum Power Point Tracking
NASA National Aeronautics and Space Administration
PEB Positive Energy Building
PV Photovoltaic
RES Renewable Energy Source
RL Regression Learner
SVM Support Vector Machine
TTM Time-Triggered Mechanisms
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the application of phase change materials (PCM) and new solar config
urations using flexible PV panels, can be investigated as the continuation 
of this research to achieve more sustainable and effective energy solu
tions in different climates or locations.
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A B S T R A C T

Global emissions from the transportation sector are one of the reasons for climate change. This study aims to use 
waste-plastic-derived pyrolysis oils in a diesel engine to reduce exhaust emissions and improve engine perfor
mance. Pyrolysis oils were derived from waste plastics and oils were tested in a diesel engine effectively by 
blending with diesel and oxygenated additives. The experimental results were validated with simulation results. 
The key findings are the remarkable reductions in carbon monoxide (CO, 74.4 %), unburned hydrocarbon 
(UBHC, 62.1 %), and nitrogen oxide (NOx, 18.96 %) emissions without deteriorating engine performance at all 
engine operating conditions.

1. Introduction

Plastics are indispensable materials for humans and play a key role in 
the packaging, storage, medical, and transportation sectors [1]. In to
day’s modern societies, the use and production of plastics are rapidly 
growing due to their versatile, affordable and wide range of applications 
[2]. It has been reported that yearly 11.2 billion tonnes of solid waste is 
generated globally. Of this massive amount of solid waste, 13 % is 
plastics [3]. According to a published report, the worldwide plastic 
generation was 360 million tonnes in 2018. However, a recent estimate 
for annual plastic production was 400 M tonnes. If this generation rate 
continues, the total plastic generation by 2050 will be estimated to be 
approximately 1.1 billion tonnes [1]. Globally, the per capita average 
plastic consumption is 28 kg per year. The major share of plastic con
sumption is in packaging. Around 44 % of plastics are used in packaging 
[4]. Among the various plastics, a few are widely used because of their 
chemical stability, low price, flexibility, and lightweight [5]. The most 
popular plastics used in our everyday life and industrial use are HDPE, 
LDPE, PET, PP, PS, and PVC. These plastics account for approximately 

90 % of the total consumption [4]. A published report indicated that the 
global demand for different plastics is PET 7 %, polyurethane (PUR) 6 %, 
PS 7 %, PVC 13 %, PP 19 %, HDPE 12 %, LDPE 17 %, and others 19 % 
[5]. According to the EPA, only 7 % of plastics go for recycling annually. 
Furthermore, the report indicated that only 8 % of plastics go into 
incineration, and the rest go to landfills [1]. One of the key challenges 
for waste plastics is their sustainable management. Recycling, inciner
ation, pyrolysis, and landfilling are the ways of managing them. How
ever, plastic landfilling poses a huge threat to the environment, as it 
produces toxic emissions, including methane (a dangerous greenhouse 
gas component), requires a large amount of land, and can contaminate 
soil, water, and air. Another way to manage these plastics is to recycle 
them via pyrolysis. Pyrolysis is the thermal degradation process of 
organic materials upon indirect heating them in a pyrolysis reactor in an 
inert and oxygen-free atmosphere. The pyrolysis products are liquid, gas 
and char. Liquid can be upgraded and used in internal combustion en
gines. The syn gas can also be used as fuel with some purification pro
cesses. The char has versatile uses. Among the various uses, one of them 
is to use the growth of marine plants even in harsh environments [6]. 
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emissions. The authors reported a simultaneous reduction in PM and 
NOx emissions with DYG but realised higher formaldehyde and acetal
dehyde emissions.

The crude pyrolysis oils have impacts on the injector performance, 
atomisation and spray pattern [36]. This is because crude pyrolysis oil 
has higher viscosity than diesel. The higher viscous oils or fuels will 
produce larger fuel droplets causing issues with spray pattern and 
mixing with air. However, the upgraded pyrolysis oils tested in this 
investigation have almost similar or lower viscosity except 10TYG than 
diesel fuel. Thus, the issues related to injector performance, spray 
pattern and or injector clogging were not experienced with the tested 
engine. The tested engine in this study has been using for several years 
using biodiesel, biofuels, oxygenated fuels and diesel as a reference fuel. 
The use of these oxygenated fuels or their blends required no engine or 
injector modification.

4. Conclusions

An experimental study in a 4-stroke naturally aspirated diesel engine 
with a novel series of sustainable fuels, including upgraded pyrolysis oils 
from co-pyrolysis of mixed HDPE, PET, and PS with a ratio of 1:1:1. Six 
fuels, including reference diesel, were tested in a diesel engine to 
examine their performance, combustion, and exhaust emission charac
teristics investigation. Among the five fuel blends, three were binary and 
two were ternary. Besides the pyrolysis oil, two oxygenated additives 
were added to the blends to lessen the exhaust emissions further and 
improve the engine performance. The experimental results were vali
dated using simulation data. The conclusions of this study are as follows. 

− A maximum of 82 % oil was obtained from the co-pyrolysis of HDPE, 
PET, and PS at a ratio of 1:1:1. The oil was then upgraded and 
characterised. The fuel properties are similar to, and in some cases, 
better than those of the reference diesel.

− The GC-MS results showed a higher percentage of saturated com
pounds in the two ternary blends (5PO10DYG and 5PO10TYG) than 
in neat pyrolysis oil (100 % pyrolysis oil).

− Engine performance results, including BMEP, BTE, and BSEC with 
binary and ternary blends, are almost similar to those of the refer
ence diesel. With the binary and ternary blends, the increased BMEP 
ranged from 0.06 % to 1.25 %, while the decreased range was 0.08 
%–2.45 %. However, relative to diesel, a maximum increase of 4.36 
% and a 3.52 % decrease in BTE was observed with binary and 
ternary blends, respectively.

− Insignificant variations in the in-cylinder pressure were observed 
among the six fuels. This was due to the similar energy content of the 
fuels.

− All five binary and ternary blends reduced the NOx emissions. A 
maximum of 18.96 % of NOx was reduced with the 5PO10DYG blend 
compared to diesel. The NOx emissions from the binary and ternary 
blends were multifold lower. Some of them have a higher NO2/NOx 
ratio, lower heat release rate, lower exhaust temperature, faster 
ignition, and better ignitability of the binary and ternary blends.

− Binary and ternary blends reduced CO emissions by a maximum of 
70.4 % and 62.1 % in UBHC emissions, respectively, indicating their 
remarkable performance in reducing CO and UBHC emissions.

− A maximum discrepancy of less than 4 % between the experimental 
and simulation data demonstrated the high accuracy of the experi
mental findings.

− The long-term stability and unregulated emissions for binary (diesel- 
pyrolysis oil and diesel-oxygenated additives) and ternary blends 
(diesel-pyrolysis oil-oxygenated additives) need further 
investigation.
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A B S T R A C T   

Concentrated solar power (CSP) systems offer a promising solution for sustainable energy, but achieving high 
and stable efficiency requires careful design optimization. This study evaluated the overall performance of a 
parabolic dish solar concentrator coupled to an Organic Rankine Cycle (ORC) system through experimental and 
analytical assessments. The research examined the impact of cavity receiver shape (cylindrical vs. spherical) and 
the use of a glass cover on thermal efficiency. Additionally, the effectiveness of a cone structure to reduce spillage 
losses and improve optical efficiency was explored. Testing showed a significant improvement in system per
formance, with an increase from 75 % for the open cavity to 90 % for the sealed cavity equipped with the cone 
structure (15 % increase). This highlights the importance of receiver design in reducing heat loss. To further 
optimize the system, a numerical model was developed and validated against experimental measurements. The 
simulation demonstrated that the overall system performance is significantly influenced by the water outlet 
temperature from the cavity receiver and the pressure drop within it. The model suggests that overall perfor
mance could be enhanced from 4.6 % to higher than 6 % by optimizing factors like water mass flow rate, cavity 
tube diameter, and the selection of a more suitable ORC working fluid (e.g., R245fa instead of R134a).   

1. Introduction 

Concentrated Solar Power (CSP) is a promising renewable energy 
technology that utilizes concentrated sunlight to generate electricity. It 
offers several advantages, including reduced greenhouse gas emissions, 
integration with energy storage systems, and potential for economic 
development. This study explores the application of CSP coupled with an 
Organic Rankine Cycle (ORC) system for electricity production. ORC 
systems employ organic fluids with lower boiling points than water, 
allowing them to vaporize at lower temperatures. In a CSP-ORC system, 
concentrated sunlight is directed onto a receiver, heating a heat transfer 
fluid (HTF) like oil or molten salt. The heated HTF then transfers its 
thermal energy to the ORC system, driving a turbine connected to a 
generator to produce electricity. CSP-ORC systems are attractive due to 

their high energy conversion efficiency, scalability, and suitability for 
integrating with intermittent renewable energy sources [1–4]. 

Parabolic Dish Collectors (PDCs) are highly efficient at converting 
solar energy into thermal energy. Their applications include power 
generation, space heating, and desalination. A crucial component of a 
PDC system is the cavity receiver, which absorbs concentrated sunlight 
and transfers heat to a Heat Transfer Fluid (HTF). Both the PDC and 
receiver designs are crucial for maximizing solar energy capture and 
minimizing optical and thermal losses [1]. 

Extensive research has been conducted to improve cavity receiver 
designs and reduce heat losses. Studies by Hassan et al. [2] and Dabbo 
et al. [3] compared the performance of cylindrical, conical, and spher
ical cavity receivers. Conical receivers exhibited better thermal and 
optical efficiencies than cylindrical or spherical. Investigated the impact 
of using a glass cover on cavity receivers, finding that it can improve 
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and revealed that minimizing pressure drops and maximizing hot water 
temperature are critical for efficiency improvement. Furthermore, using 
R245fa as the working fluid instead of R134a has the potential to in
crease system efficiency from 4.6 % to over 6 %. Future research should 
explore the effects of pressurized water and high-temperature thermal 
oils on system performance through simulations. These investigations 
will pave the way for optimizing CSP-ORC systems and promoting their 
adoption as a clean and efficient renewable energy technology, 
contributing to a low-carbon future. 
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A B S T R A C T

This study explores the performance and emissions characteristics of renewable dimethyl ether 
(DME) in comparison to three commonly used aliphatic hydrocarbons: diesel, decane, and 
dodecane. This research addresses a notable gap in the existing literature by integrating advanced 
numerical modelling with experimental validation to investigate the distinct combustion be
haviours and emission profiles under various operational conditions. We employ a dual approach 
that integrates advanced numerical modelling using GT-Suite software with experimental vali
dation. This research presents several innovative aspects, including a comprehensive comparative 
analysis of multiple fuels under varied engine operating conditions, the integration of advanced 
numerical modelling with experimental validation, the development of detailed performance 
maps for optimisation, and the provision of practical insights for future engine design and 
environmental compliance. The work has several phases, including the variation of engine speeds 
(800 rpm–2400 rpm) keeping other parameters constant, secondly, the variation of fuel injection 
timing (20◦ bTDC to 20◦ aTDC) and thirdly, the changing of compression ratio (12–28) for all four 
fuels. The study also includes the energy and exergy analysis for the same fuels. Our findings 
indicate that DME improves brake thermal efficiency (BTE for DME is 40.71 % higher than diesel 
(40.03 %), decane of 40.3 %, and dodecane of 40.18 %). Compared to diesel, NO emissions were 
reduced by around 34 %, 30 % and 29 %, using decane, dodecane, and DME, respectively. This 
presents a promising avenue for developing more environmentally friendly fuel alternatives in the 
future.

1. Introduction

The increasing concerns about environmental degradation and the reduction of fossil fuel reserves have heightened the urgency to 
identify alternative, sustainable fuel solutions. Renewable dimethyl ether (DME) derived from biomass, agricultural wastes, biogas, 
municipal wastes, or methanol synthesis [1–3] has emerged as a promising candidate due to its advantageous combustion 
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Based on the discussion above, the formation of NOx emissions depends on specific heat at constant pressure, in-cylinder gas 
temperature, heat release rate and excess air factors. The lower NO with DME compared to three aliphatic hydrocarbons is associated 
with lower specific heat at constant pressure, lower in-cylinder gas temperature, a lower heat release rate and higher excess air factors.

In this section, fuel energy and exergy for the four tested fuels are discussed. Fig. 16 (a) and (b) present the fuel energy and exergy 
for engine running conditions at an injection timing of 5◦bTDC and CR of 22. Fuel energy and exergy for the four fuels are computed 
using equations (xi) and (xii) in the methodology section. As seen in the Figures, both energy and exergy increase with the increase in 
engine speed for all fuels. The reason for increasing fuel energy and exergy is due to the increasing amount of air utilisation at a higher 
speed, which causes better combustion and resulting more fuel energy and exergy. A careful look at the Figures reveals that the fuel 
exergy is higher than fuel energy. This is associated with the exergy factor in equation (xiii). This exergy factor is greater than unity and 
thus the fuel exergy is higher than fuel energy. Among the three aliphatic hydrocarbons (diesel, decane and dodecane), there are no 
significant variations in fuel energies and exergies. However, DME shows lower energies and exergies at all engine speeds. This is 
because the heating value of DME which is lower for DME than the three other aliphatic hydrocarbons.

4. Conclusions

The influence of dimethyl ether, decane, dodecane, and diesel fuel on the engine’s performance, combustion, and NO emissions was 
investigated. Three parameters, namely, the CR, inj. timing, and speed, were investigated for the same fuels. The compression ratio 
varied from 12 to 28, while the inj. timing ranged from 20◦ bTDC to 20◦ aTDC, and the rpm changed from 800 rpm to 2400 rpm. The 
results of this investigation can be summarised as follows: 

− A 1-D model was developed and built using the GT-Suite software to quantify the engine’s parameters.
− The simulation results were validated with experimental results. The maximum variation of 8.7 % was observed in the experimental 

and simulation results.
− For the three variables of compression ratio, injection timing, and engine rotational speed, insignificant variations in BTE were 

observed among the four fuels, including diesel, decane, dodecane, and DME.
− DME showed lower pressure peaks than diesel, decane, and dodecane. The lower pressure peaks are associated with the lower 

energy content of DME.
− DME exhibits faster combustion and an earlier combustion end time than diesel, decane, and dodecane. This is because DME has 

higher ignitability than diesel, decane, and dodecane.
− Significantly smaller HRR rates with DME were observed for all three variables. The lower HRR results from the lower cylinder 

temperature.
− The excess air ratios were higher for DME than for the three paraffin fuels.
− A remarkable reduction in toxic NO emissions of 34 % was achieved with DME due to lower specific heat at constant pressure, gas 

temperature, rate of heat release and higher excess air factors.
− Insignificant variations in fuel energy and exergy were observed among the aliphatic hydrocarbons, but lower for DME than 

aliphatic hydrocarbons. This is due to the lower energy content (heating value) in DME.
− Based on the experimental and simulation results, DME is an excellent choice for internal combustion engines to achieve ultra-low 

emissions.
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A B S T R A C T

Recent advances in construction materials and architecture have enhanced the safety of modern 
structures, which now feature higher, lighter, and more unique designs. Bridges, as critical 
infrastructure, face increasing load demands due to rising traffic volumes, leading to accelerated 
structural deterioration. This necessitates more frequent inspections and maintenance, resulting 
in increased costs and potential operational disruptions. Real-time built-in monitoring systems are 
thus essential for both new and aging structures. Fiber Optic Sensor (FOS) technology, particu
larly Fiber Bragg Grating (FBG) sensors, offers a reliable and stable solution for long-term 
Structural Health Monitoring (SHM). This study evaluates the performance and applicability of 
FBG sensors (FBGs) in comparison to traditional strain gauges (SGs) for capturing strains, loads, 
deflections, and temperature in full-scale beams under static loads. Four large-scale reinforced 
concrete (RC) and CFRP-strengthened beams were tested. Nonlinear finite element analysis 
(NLFEA) using VecTor2 was employed to simulate the behavior of these beams under static 
loading. Data from FBGs were compared to those from collocated electrical SGs. The results 
demonstrated the reliability and flexibility of FBGs in monitoring structural performance. 
Notably, FBGs continued to provide accurate readings even after the specimens reached their 
maximum load, showcasing their endurance and resilience compared to conventional SGs.

1. Introduction and background

Over the past 20 years, significant advancements in SHM have emerged, driven by new sensor technologies, monitoring systems, 
and non-destructive tests (NDT) methods capable of assessing structural performance [1–5]. Preserving the integrity of critical 
infrastructure, particularly bridges, is essential for economic stability, as neglecting inspection and maintenance can lead to severe 
financial repercussions.

FBGs have gained increasing attention in SHM for their lightweight design, high sensitivity, and immunity to electromagnetic 
interference, making them ideal for monitoring structural performance in challenging environments such as aerospace, civil engi
neering, and underground structures [6–8]. FBGs provide real-time data on strain, temperature, and other parameters, facilitating 
proactive maintenance and safety assessments that extend the service life of infrastructure [6,9,10].
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INTRODUCTION 

 

Energy is the major challenge of our day, having consequences across ecological, economic, and academic domains. 

There are some studies that constantly emphasize the shortcomings of traditional methods for affecting the attitudes and 

behaviors of students in energy-related problems [1-3]. Adequate knowledge affects the awareness of energy-related 

problems, affecting students’ propensity to take action for a better future even though the link between understanding 

and action remains ambiguous [4-5]. 

 

The significance of education as a pivotal mitigation strategy for energy-related problems such as climate change and 

sustainability has been emphasized by numerous studies [6-8]. Energy education must integrate diverse disciplines to 

serve as a mitigation driver, effectively communicate and contextualize energy science for clarity and credibility, 

enhance energy literacy, and empower both teachers and students, as tackling energy-related problems necessitates 

energy-literate public and students across all sectors of society worldwide [1, 9]. 

 

To ensure that students are equipped with responsible behaviors, such as energy consumption and renewable energy use 

in the era of climate change, developing an energy literacy course is a necessity [10-13]. Various factors such as 

socioeconomic situation, geography, and educational background affect energy literacy [14-16]. Therefore, while 

considering cultural and national factors, educational programs catered to increase energy literacy need to be designed 

[17]. With the emergence of this need, a literature gap is observed where few studies examine energy literacy in the 

Gulf region. Alghamdi & El-Hassan [18] assessed the energy literacy of university students in Saudi Arabia while 

Akinwale [19] conducted a study examining Saudi university students' energy knowledge. On the other hand, Altassan 

[20] created a comprehensive model for enhancing students' energy knowledge according to Saudi Arabia's 2030 vision. 

This shows a gap in designing an energy literacy course that exceeds the basics in the Gulf region. 

 

As global environmental issues escalate, educational institutions play a critical role in developing environmentally 

aware individuals and supporting sustainable practices. Energy literacy initiatives are essential for equipping students 

with the knowledge and skills needed to tackle these challenges, allowing them to make informed energy use decisions 

and contribute to a sustainable future [10, 13]. Several factors influence the effectiveness of energy literacy initiatives, 

including cultural values, educational approaches, and individual characteristics. Tailoring programs to these factors 

ensures their success in different contexts [21].  

 

However, there is a lack of research assessing energy or sustainability literacy levels among students despite a growing 

interest in sustainability in the Gulf region. While recent studies highlight the benefits of incorporating environmental 

themes into university curricula [22], research also reveals limitations. For instance, a study in Saudi Arabia found a 

lack of knowledge about environmentally friendly practices although they have improved climate change knowledge 

among final-year students [18]. Similarly, another study in Saudi Arabia reveals that although students were 

indifference due to limited understanding and awareness, they have moderate knowledge about energy conservation and 
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Gulf region. The favorable feedback on the teaching methods emphasizes the importance of combining technical 

knowledge with engaging and culturally sensitive instruction. Together, these elements provide a solid foundation for 

improving energy literacy and promoting sustainability education.   
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Performance analysis of palm tree 
microfibers in concrete
Mohammad Hany Yassin 1, Rana Ezzdine Lakys 1, Zein-Eddine Merouani 2, 
Adel Jumah 1 & Mohamad Hussein Farhat 3

This study investigates the effects of incorporating chemically treated Palm Tree Fronds (PTF) 
microfiber as a partial sand replacement in concrete. Concrete grades C28, C35, and C40 were evaluated 
with varying PTF contents ranging from 0 to 4% of sand volume. A total of 571 samples were tested 
using destructive and non-destructive methods to evaluate structural integrity and performance. 
The results revealed that PTF addition significantly enhanced workability across all grades, with 
higher PTF content improving slump values due to fiber-induced changes in rheological properties. 
Density decreased consistently, with reductions at 28 days ranging from 0.9 to 3.7% across grades, 
stabilizing at lower levels in higher-grade concrete. Compressive strength exhibited a linear decline 
with increasing PTF content, with reductions at 28 days ranging from 14.5 to 43.6% across grades, and 
tensile strength followed a similar trend, decreasing by 21.3% to 35.6%. Water absorption increased 
substantially, with an average rise from 10.6% at 1% PTF content to 51.2% at 4%, reflecting increased 
porosity. Thermal conductivity progressively decreased, with reductions averaging 26% to 33.6%, 
demonstrating enhanced insulating properties. Non-destructive tests indicated significant reductions 
in UPV and rebound numbers, correlating with increased fiber content and reduced matrix uniformity. 
SEM analysis revealed that PTF microfibers introduced porosity and microstructural discontinuities, 
contributing to the observed reductions in mechanical properties and increased permeability. 
Optimization analysis identified the optimal PTF content for balancing mechanical and thermal 
performance as below 1% for C28 and between 2.3% and 2.5% for higher grades. Consideration of a 
hybrid fiber mix, incorporating synthetic fibers such as steel, glass, or polypropylene, is recommended 
to compensate for the strength reduction associated with PTF addition. These findings demonstrate 
the potential of PTF-reinforced concrete for sustainable and energy-efficient construction, particularly 
in semi-structural applications.

Keywords  Sustainable construction, Building insulation, Fiber reinforced concrete, Properties, Palm tree 
fronds

The response of the construction sector to global climate change requires an accelerated shift toward sustainable 
practices, underscoring the importance of eco-friendly construction materials. Fiber Reinforced Concrete 
(FRC) represents a significant innovation in construction materials, offering enhanced mechanical properties, 
durability, and sustainability. Researchers are increasingly focused on incorporating both natural and synthetic 
fibers, recycled fine aggregate (RFA), and industrial or agricultural waste into high-performance, sustainable 
concrete. These approaches are documented across recent studies1–7, highlighting promising avenues for 
future material development. Recent studies highlight the potential of alternative aggregates like steel slag and 
fibers (e.g., steel, basalt) to enhance concrete sustainability and performance. Optimal combinations improve 
mechanical properties and durability, offering eco-friendly solutions for high-performance construction8–11.

Synthetic fibers
Synthetic fibers, including nylon, polypropylene, carbon fiber, glass fiber, steel and other recycled materials, have 
been extensively researched for their ability to enhance concrete properties. Steel fiber-reinforced concrete (SFRC) 
is recognized for its high strength, crack control, toughness, post-fire performance, and cost-effectiveness12–18. 
Incorporating recycled steel fibers from waste tires (WTSF) into concrete provides environmental benefits and 
improved mechanical properties6. However, challenges related to fiber consistency necessitate further research 
on recycling technologies and design guidelines16. Tayebi et al.15 investigated the flexural response of SFRC 
with recycled nylon granules (NG) and zeolite after high-temperature exposure, finding that zeolite addition 
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Abstract
Structural health monitoring (SHM) has become increasingly common in assessing built structures and the ongoing 
monitoring of older ones, whether for preventive maintenance applications or for assuring the integrity of deteriorating 
structures. Several sensing technologies have been developed and utilized for these applications. Over the past two dec-
ades, optical fiber sensors (OFS) have been utilized in various civil engineering projects due to their inherent advantages. 
This includes properties such as lightweight, size, immunity to electromagnetic interference (EMI), corrosion resistance, 
and embedding capability. Several monitoring systems based on OFS have been developed to measure and assess real-
time data of various civil infrastructures continuously. Since its inception, Fiber Bragg grating (FBG) has been an ideal 
candidate for OFS technology; currently, most OFS systems use FBG. Due to its inherent characteristics and potential 
applications, considerable efforts and advancements have been made in the FBG-based sensing field. One of the most 
developed FBG sensors is strain OFS. Not just because of their benefits compared to the traditional strain gauge but 
also because of their high sensitivity and low cost. FBG strain sensors acquire an essential share of the SHM market. This 
review paper aims to give a general understanding of the basic principles of FBG sensors, advances in sensing and data 
processing techniques, developments of novel optical fiber sensors, temperature compensation techniques, and practi-
cal applications of FBG sensing technology in SHM. Moreover, this paper aims to contribute to the existing knowledge 
by highlighting the evolving landscape of FBG sensors and suggesting potential research areas in the context of SHM.

Keywords  Fiber Bragg grating (FBG) · Structural health monitoring (SHM) · Sensors · Optical fiber sensors (OFS)

1  Introduction

Civil infrastructures such as buildings, bridges (pedestrian and vehicular), tunnels, factories, space shuttles, large 
dams, and other facilities are essential for the functioning of society. Constructing and maintaining these structures 
demands significant economic investments and directly impacts user safety. The service life of these facilities varies, 
ranging from decades to centuries, depending on their significance and nature. For instance,
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The measurements captured by FBG sensors are diverse, encompassing strain, temperature, displacement, vibration, 
pressure, torsion, and inclination. For instance, they provide crucial insights into material deformation under loads, track 
movements in structures over time, and assess thermal effects on structural materials. The versatility of FBG sensors to 
measure multiple parameters simultaneously, combined with their capability for real-time monitoring, positions them 
as indispensable tools in the realm of civil engineering.
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Case Study

Influence of Palm Tree Fiber Addition on the
Physical, Mechanical, and Thermal Properties

of High-Strength Concrete
Mohammad Hany Yassin, Ph.D., P.Eng., M.ASCE1; Zainab Al Hajaj, Ph.D.2; Rana Lakys, Ph.D.3;

Zein-Eddine Merouani, Ph.D.4; and Adel Jumaah5

Abstract: The utilization of natural fibers as reinforcement in concrete mixtures continues to gain interest due to their environmentally
friendly nature, biodegradability, economic benefits, and high strength-to-weight ratio. In this study, high-strength concrete was mixed with
ground palm tree frond (PTF) short fibers at different portions of fiber 1%, 2%, 3%, and 4% of concrete weight, as replacement of fine
aggregate. This paper provides an in-depth experimental investigation on the effect of adding short PTF to high-strength concrete on the
physical, mechanical, and thermal characteristics of concrete. The findings indicated that the strength of the concrete deteriorated progres-
sively with the increased addition of PTF. For instance, the compressive strength of 4% PTF concrete was 28.18 MPa, and 43.81 MPa for
plain concrete. On the other hand, the split tensile strength for 4% PTF concrete and plain concrete were 2.42 MPa and 2.99 MPa, respec-
tively. However, it was observed that, despite the decrease in strength, the thermal resistance of the concrete notably increased with the
addition of PTF. The inclusion of 4% PTF in concrete reduced heat transfer rates significantly by 51.19% and 39.87% compared to plain
concrete in wet and dry conditions, respectively. The maximum surface temperature recorded for 4% PTF after 30 min of heat exposure of
275 W was 33.47°C versus 39.47°C for plain concrete in a dry condition. The thermal conductivity of 4% PTF concrete was reduced by
approximately 21% compared to plain concrete. Incorporating short PTF in concrete yielded excellent thermal insulation properties, which
can be an attractive choice for construction materials as a potential for energy saving and energy efficiency improvement. DOI: 10.1061/
JMCEE7.MTENG-19000. This work is made available under the terms of the Creative Commons Attribution 4.0 International license,
https://creativecommons.org/licenses/by/4.0/.

Author keywords: Palm tree fiber (PTF); Natural fiber reinforced concrete; Building material; High-strength concrete.

Introduction

Addressing global climate change demands that the construction
industry adopt more sustainable practices and eco-friendly con-
struction materials. Natural fibers, such as palm, coir, and bamboo,

are increasingly recognized for their minimal environmental im-
pact, excellent insulation properties, and their ability to enhance
concrete properties like crack resistance and thermal tolerance
(Adamu et al. 2021; Kesikidou and Stefanidou 2019; Paul et al.
2020; Razmi and Mirsayar 2017; Talaei and Mostofinejad 2021;
Wu et al. 2020). Plant-based aggregates offer substantial benefits,
including improved energy efficiency and lower environmental im-
pacts across various applications and climate zones (Charai et al.
2022a, b; El Hammouti et al. 2023a; Horma et al. 2022).

Biobased concrete and composites made from plant aggregates
(e.g., rice straw, husk, agave leaves, walnut shells) exhibit im-
proved mechanical properties and hygrothermal performance,
reducing the carbon footprint by substituting conventional high-
energy-consuming elements (Beskopylny et al. 2023; Moussi et al.
2023; Rosas et al. 2022). Variations in energy and carbon dioxide
balances between wood and concrete building materials underline
the significance of transitioning toward more sustainable and re-
newable materials to alleviate environmental impacts (Gustavsson
and Sathre 2006). Sustainable materials like blast furnace slag
(BFS) concrete mixtures, aerated autoclaved concrete (AAC)
blocks, and recycled steel components have the potential to lower
carbon emissions in construction projects (Jang et al. 2015; Kamal
2020; Özbay et al. 2016). Integrating biocomposites, made from
renewable plant fibers, into construction represents a strategic shift
toward a circular economy by significantly reducing the carbon
footprint.

Studies have shown that materials like spent tea, mint stem ag-
gregates, and other plant-based additives not only improve the ther-
mal insulation of buildings but also offer reductions in overall
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increase of the fiber percentage. The lowest heat transfer rate was
achieved with 4% PTF concrete with values of 0.24°C=min and
0.21°C=min for wet and dry conditions respectively. The heat trans-
fer rates of 4% PTF concrete were reduced significantly by 51.19%
and 39.87% compared to plain concrete. Furthermore, the maxi-
mum surface temperature of plain concrete and 4% PTF concrete
after 30 min of heat exposure were 37.15°C and 28.39°C for the wet
condition, and for the dry condition, 39.47°C and 33.47°C, respec-
tively. The 4% PTF concrete manifested lower maximum surface
temperature recorded compared to plain concrete by 23.60% and
15.20% for wet condition and dry condition, respectively. The re-
duction is attributed to the low thermal conductivity of the palm
fiber (0.06 W=m °K) compared to that of concrete (2.25 W=m °K)
(Ali and Alabdulkarem 2017; Yun et al. 2014). Furthermore, the
number of voids in the material is responsible for lowering the heat
transfer, thus reducing the thermal conductivity of the material
(Benmansour et al. 2014; Raut and Gomez 2016). Additionally,
the inclusion of PTF in concrete lowers the heat transfer and ther-
mal conductivity of the concrete mix compared to plain concrete;
consequently, it proves the feasibility of PTF in reducing the energy
consumption in buildings during the cooling and heating.

This research highlights the value of thorough material testing
in civil engineering, offering essential insights for engineers and
researchers in selecting materials and designing structures. Under-
standing these material properties and interactions opens possibil-
ities for innovative uses of PTF-modified concrete, potentially
spurring advancements in the construction industry.

Future Work

The length and volume fraction of palm fibers are crucial in
determining the structural behavior and properties of reinforced
concrete. The excessive addition of natural fibers in concrete re-
duced the internal strength of the material, which was supported
by other studies (Dawood and Ramli 2011; Dayananda et al.
2018). Thus, future studies are recommended to examine the effect
of using palm fiber less than 0.5% of the concrete weight on the
physical, mechanical, and thermal performance of the material.
Future studies should also aim to optimize PTF content to balance
compressive strength loss with other beneficial properties. Short
fibers offer limited benefits and pose challenges at high percent-
ages. Thus, the strength and the elastic modulus of PTF concrete
could be enhanced by adding fibers with adequate lengths. Further-
more, enhancing the interfacial bonding of the fiber and the
surrounding concrete is essential for the enhancement of the per-
formance of the concrete.

To fully understand the characteristics and performance of these
composites for practical applications, further analysis and tests are
required. For instance, to evaluate the long-term performance and
durability of PTF-reinforced concrete, a comprehensive series of
tests shall be conducted. These include freeze-thaw resistance
(ASTM 2017c) to measure dynamic modulus reduction and physi-
cal deterioration under rapid freeze-thaw cycles; water permeability
(BSI 2019) to assess the depth of water penetration under pressure;
chloride ion penetration (ASTM 2022c) using electrical indication
to evaluate resistance; sulfate attack resistance (ASTM 2010) by
immersing specimens in sodium sulfate solution to measure expan-
sion and strength loss; and carbonation depth (RILEM CPC-18
1988) by exposing specimens to a CO2-rich environment. Addi-
tionally, rheological tests of PTF-concrete bricks will involve plas-
tic and drying shrinkage (ASTM 2014) to monitor dimensional
changes over time, creep tests (ASTM 2024) to measure deforma-
tion under sustained load. Lastly, scanning electron microscopy
(SEM) tests are required, including microstructural analysis

(ASTM 2021a) to observe the morphology, size, and distribution
of fibers; elemental analysis (EDS) to identify the elemental
composition at the fiber-concrete interface; and fractography
(ASTM 2023d) to examine fracture surfaces and understand failure
mechanisms. This plan will provide detailed insights into the
durability, rheological properties, and microstructural characteris-
tics of PTF-reinforced concrete.

Conclusions

This study investigates the potential of using PTF as a sustain-
able and cost-effective concrete additive to achieve improved
thermal performance without compromising essential mechanical
properties. Concrete mixtures were prepared with varying PTF
volume fractions (0%, 1%, 2%, 3%, and 4%) relative to the sand
content to evaluate their physical, mechanical, and thermal
characteristics.

The study found that adding PTF to concrete had several key
effects. The density of the concrete decreased slightly, making it
lighter. However, water absorption increased because PTF is hydro-
philic. Despite this, all concrete mixes maintained excellent quality,
with UPVexceeding 4.2 km=s and RN tests showing good internal
integrity. While the compressive and elastic strength of the concrete
were slightly reduced by PTF inclusion, the split tensile strength
remained acceptable. In terms of thermal performance, PTF signifi-
cantly improved insulation, reducing the heat transfer rate by up to
51% and thermal conductivity by 21%. These findings demonstrate
the potential of PTF as a promising material for concrete produc-
tion. By lowering heat transfer and enhancing thermal insulation,
PTF contributes to energy savings in buildings, supporting the de-
velopment of sustainable construction practices. However, it is im-
portant to note that this research is preliminary, focusing on the use
of PTF in high-strength concrete. Further tests, such as concrete
durability tests and rheological tests, including concrete creep
and shrinkage, are required. Additionally, SEM tests should be con-
ducted to consider material aging.

Data Availability Statement
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request.
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Abstract. Economic and population growth in developing countries, combined 
with local and global warming, are primary factors in exacerbating the cooling 
demands by the population. Currently, energy consumption from buildings ac-
count for 36% of global energy demand and a staggering 90% in Kuwait. Elec-
tricity demand is expected to continue to rise and becomes problematic in coun-
tries that are highly dependent on the oil and gas industry for energy production. 
This ongoing situation underscores the importance of implementing sustainable 
solutions, such as, passive cooling with phase change materials (PCMs), to im-
prove indoor-climates and reduce energy consumption. This study aims to con-
tribute to the field by experimentally utilizing and analyzing the impact of com-
mercially available PCMs on indoor passive cooling. Two identical 75 mm sand-
wich panel cabins were constructed in Kuwait —one serving as a control and the 
other as an experimental cabin. Both cabins were equipped with sensors to meas-
ure the indoor temperature and a weather station to monitor outdoor temperature. 
PCM was added incrementally over several weeks. Results demonstrated that the 
use of PCM significantly reduced indoor temperature fluctuations and peak tem-
peratures in the experimental cabin compared to the control cabin. Applying 
PCM to all four walls reduced the maximum temperature by 4.25 ℃. The find-
ings indicate that PCM can effectively moderate indoor temperatures, maintain-
ing a more stable and comfortable indoor climate without the need for mechanical 
cooling systems. This study highlights the potential of PCM as a sustainable so-
lution for reducing energy consumption in hot climates, particularly in regions 
heavily reliant on air conditioning. 

Keywords: Thermal Management, Energy Efficiency, Sustainable Building 
Design. 
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4 Conclusion 

The rising global temperatures and economic growth in developing countries are 
significantly increasing the demand for indoor cooling. Currently, energy consumption 
from buildings constitutes 36% of global energy demand and 90% in Kuwait. This re-
liance on energy-intensive air-conditioning systems is particularly problematic in re-
gions dependent on unsustainable energy sources. Consequently, it is crucial to explore 
and implement sustainable solutions such as phase change materials to improve indoor 
climates and reduce mechanical energy consumption. 

This study empirically investigated the use of PCMs in Kuwait from February to 
March 2024. PCM was incrementally integrated into a portable cabin, with indoor tem-
peratures compared to those of an identical control cabin. The results were promising: 
PCM improved the indoor climate by dissipating heat in cooler conditions and absorb-
ing heat during warmer periods. This effect was noticeable from the addition of the first 
PCM wall and became more pronounced as additional walls were covered. Specifically, 
with four walls of PCM, there was a notable reduction in temperature fluctuations and 
greater stability in the temperature profile, with more significant differences between 
peaks and troughs during hot and cold periods compared to the control cabin. 

The study underscores the practical application of PCM for passive cooling in hot 
climates. The reduction in energy consumption due to decreased reliance on air condi-
tioning has positive environmental implications, contributing to a more sustainable fu-
ture. 

However, several limitations should be acknowledged. The findings are specific to 
Kuwait and would benefit from validation in other regions. Additionally, the study was 
conducted over a limited period (February to March 2024). Examining the effects of 
PCM over a more extended period and during hotter months could provide further in-
sights. Moreover, the impact of PCM might vary with different installation sequences, 
such as starting with the east wall instead of the south wall, which could yield different 
results. 
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Abstract 

The global demand for energy consumption is rising at an alarming rate. This increase is driven by economic growth, 
population expansion, and escalating temperatures due to climate change. Cooling energy demand is projected to rise 
by 275% globally by 2050, with the Middle East and North Africa (MENA) region being one of the most affected. In 
Kuwait, buildings account for approximately 90% of electricity consumption, and air conditioning alone constitutes 
over 70% of this usage during peak summer months. Kuwait’s electricity demand is expected to reach 30,000 MW by 
2030, primarily driven by cooling needs. With a population reliant on fossil fuel-based energy, there is an urgent need 
to find sustainable solutions that can mitigate this rising demand. This paper investigates the use of phase change 
materials (PCMs) to improve thermal comfort. Two portable cabins were constructed in Kuwait, one equipped with 
PCMs and the other serving as a control. The study evaluates the combined impact of PCM integration on perceived 
indoor thermal index, humidity, and air quality during the month of March 2023. Results show that PCM application 
reduced indoor temperature peaks by 3.31°C on average and stabilized humidity fluctuations by 10%. Moreover, daily 
particulate matter (PM 2.5) concentrations were reduced by 6.12 µg/m³, indicating an improvement in air quality. 
These findings suggest that PCMs offer a promising passive cooling solution that can enhance thermal comfort, 
improve indoor air quality, and the potential to reduce energy consumption in hot climates like Kuwait. 
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Abstract. Two portable cabins (size 2 m width, 2 m depth, 2.8 m height) were
constructed using 75 mm Polyurethane sandwich panels (insulation walls) to simu-
late low energy buildings in Kuwait. Experimental measurements were conducted
using eight K-type thermocouple probes on interior/exterior surfaces of the cab-
ins’ walls to dynamically evaluate overall heat transfer coefficient during the hot
months of August and September 2023 using IoT data storage. The collected
data was further curated to ensure quality by treating negative values, handling
potential division by zero issues, and filtering out large numbers. The dynamic
average overall heat transfer coefficients were found to be 0.186, 0.198, 0.203,
and 0.206 W/m2K for the East, North, West, and South facing walls, respectively.
This is far better than the static (steady state) overall heat transfer coefficient of
0.2534 W/m2K, indicating that the dynamic behavior of the insulation walls is very
promising, particularly by saving 21.76% cooling energy demands in summertime
in Kuwait.

Keywords: Insulation Sandwich Panels · Kuwait’s Hot Climate · Low-Energy
Building

1 Introduction

The building sector is one of the largest energy-consuming sectors in the world. In
Kuwait, space heating and cooling account for about 70% of total residential energy
consumption [1]. Krarti and Hajiah [2] stated that the building sector in Kuwait consumes
90% of the electricity for cooling, a figure also reported by Saber et al. [3]. There is
enormous potential to increase the energy efficiency of buildings. However, a clear long-
term government commitment, combined with well-designed packages of efficiency
policies reinforced by adequate implementation capacity, is needed to improve energy
efficiency in Kuwait’s buildings.
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0.2534 W/m2K, indicating superior thermal performance under dynamic conditions, par-
ticularly, during the hot summer months of Kuwait. This indicates that for the average
dynamic U-value of 0.1983 for all walls, the cooling loads can be reduced by 21.76% in
summer months of Kuwait. The results improved our understanding of thermal behav-
ior of insulation walls in hot climates. The findings will contribute to development of
low-energy buildings in Kuwait and countries with similar climatic conditions. Future
research should continue to explore these findings across different seasons and condi-
tions to fully establish the benefits and applicability of advanced insulation materials in
energy-efficient building design.
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Abstract. The present work investigates the feasibility of electrolyzer-based hydrogen
generation through a hybrid renewable energy system. Evaluations focusing on techni-
cal, economic and environmental evaluations are conducted to determine the optimized
system architectures that maximize energy efficiency and environmental benefits. Three
hybrid renewable energy systems were assessed, including grid-connected and grid iso-
lated configurations of solar PV array, wind turbines (WT), hydrogen fuel cells, and
backup battery bank. The lowest levelized energy cost, at 0.539 $/kWh, and the lowest
cost of producing hydrogen, at 6.85 $/kg were achieved by integrating solar PV and wind
turbine with the grid connectivity. Integrating Solar PV and wind turbine connected to
the power supply grid resulted in the lowest levelized energy cost, at However, in the
case of a grid-isolated system utilizing fuel cells or battery storage banks, the hydrogen
cost rises above 8.0 $/kg due to the higher capital expenses associated with the system.
With yearly carbon dioxide emissions of 240841.66 kg, the optimized system produces
111 877 kg of green hydrogen annually. Additionally, the optimized system (System 1)
has the lowest Human Health Damage (HHD) and Ecosystem Damage (ESD), with its
Human Development Index (HDI) slightly surpassing those of Systems 2 and 3. However,
System 3 creates more jobs.

1. Introduction

Clean energy has gained popularity as a means of promoting sustainable development and lowering carbon
emissions. Hydrogen is an intriguing replacement to fossil fuels, but the production process is energy-
intensive and expensive. Research suggests hydrogen energy is expected to fulfil 11% of global energy
requirements by 2025 and 34% by 2050 [1]. Renewable hydrogen production contains considerable ability
to satisfy worldwide demands. As a result, it is critical to create economically viable and environmentally
conscious techniques to produce green hydrogen, primarily using wind and solar energy sources. Several
research have investigated the suitable design of hybrid PV/WT/H2 systems [2, 3, 4, 5, 6]. Integration of

https://creativecommons.org/licenses/by/4.0/
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Figure 4. Socio-economic and environmental indicators for systems 1-3.

lower than reported elsewhere as in system 3 (0.941830 DALYs/year). System 1 is also extremely good
for the ecosystem of the plant area, which stands out with the lowest Ecosystem Damage factor (ESD)
of 0.0019099 species.yr/year, where system 2 and system C result in ESD of 0.0042566 species.yr/year
0.0053348 species.yr/year.

On the factors of the social front, all the systems score almost equally, but system 1 exhibits a slightly
higher value on the Human Development Index (HDI): 1 < 2 < 3 : 0.9186 < 0.9097 < 0.9076. System 3,
however, provides the highest job creation with 11.78 jobs/year, system 1 offers the least number of 10.14
jobs/year, whereas system 2 offers 10.07 jobs/year. The results concluded that although system 1 has
better environmental adaptability and social benefits, system 3 is likely also a good option for generating
social benefits. Still, there is a trade-off between environmental sustainability and economic-social gain.

7. Conclusion

This research focuses on three distinct HRES configurations: grid-connected PV/WT variant, grid-
isolated PV/WT variant with batteries, and grid-isolated PV/WT with hydrogen fuel cells. In that effort,
several techno-economic, environmental, and social factors are considered to evaluate the three optimized
systems’ performance. The grid-connected configuration displays the most favorable performance, with an
NPC of $9.91 M, COE of 0.539 $/kWh, and COH of 6.85 $/kg. System 1 also outperforms the two off-grid
systems from an environmental perspective, with the least carbon emissions at 240,841.66 kg CO2/year
and a subsequent penalty cost of $3, 612.62. A lower LCE leads to an HHD of 0.337178 DALYs/year
and an ESD of 0.001909874 species. yr, which are the lowest among the three configurations. While
System 3 offers higher job creation potential, System 1 remains superior in terms of economic viability,
environmental sustainability, and human development, making it the most optimal choice. This work
serves as a foundation for policymakers and system designers to devise an economical and sustainable
approach for large-scale production of hydrogen via a grid-connected HRES.
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Abstract. This study investigates the optical and thermal performance of solar parabolic concentrators with 

cylindrical-conical receivers for low-temperature heat and power generation, emphasizing the effect of 

receiver geometry on efficiency. It finds that maximum optical efficiency occurs when the receiver aperture 

aligns with the focal point, providing greater stability and less sunray leakage. The study also highlights 

how cone angles, receiver aspect ratio, and precise positioning significantly improve efficiency. Sealing the 

receiver with glass reduces convective losses, increasing thermal efficiency from 40-62% to over 80%. 

Future work will explore secondary reflector cones and spherical receivers to optimize configurations for 

decentralized solar systems, showcasing the technology’s potential for efficient solar energy capture and 

conversion. 

1 Introduction 

The environmental impacts of fossil fuels have intensified the need for renewable energy adoption. Concentrated Solar 

Power (CSP), particularly parabolic dish collector (PDC) systems, offers a sustainable solution for thermal power 

generation and industrial heating [1–5]. A PDC concentrates sunlight onto a cavity receiver, converting solar energy into 

heat via a heat transfer fluid (HTF) for applications like power generation. System efficiency depends on two factors: the 

dish’s ability to focus solar radiation and the receiver’s capacity to minimize optical and thermal losses. 

While PDC design optimization has been extensively studied, the geometry of cavity receivers critical for low-to-

moderate temperature applications such as Organic Rankine Cycle (ORC) systems requires further investigation. 

Research highlights conflicting conclusions: cylindrical receivers exhibit variable efficiency depending on depth and 

baffle design [2,5], while conical configurations show marginal thermal efficiency gains in small-scale systems [1,6]. 

Spherical and hemispherical designs demonstrate competitive optical (71.5%) and thermal efficiencies [3,7], and 

cylindrical-conical hybrids achieve peak optical (85.42%) and thermal (67.95%) performance [8]. Modifications like glass 

covers [4] and helical baffles [2] further complicate performance comparisons. Despite these advancements, gaps persist, 

particularly in low-temperature applications [9] and consensus on optimal receiver geometry [7,8]. 

This study addresses these gaps by evaluating receiver geometry (cylindrical, spherical) and focal length effects on 

efficiency. It also tests secondary reflector cones and analyzes results in the context of ORC-compatible low-temperature 

CSP systems, aiming to resolve design conflicts and enhance scalability. 

2 Receiver Design 

The proposed design incorporates a cavity receiver with a secondary reflector to minimize solar spillage losses and 

enhance performance for an Organic Rankine Cycle (ORC) application at moderate to low temperatures. Fig. 1 illustrates 

the solar dish receiver with an elliptical cavity, defined by three geometric parameters: aperture diameter (Dap), vertical 

axis radius (R1), and horizontal axis radius (R2). Adjusting these parameters enables performance optimization. 

The receiver consists of an insulated outer layer, a front aperture, and a spiral pipe fixed to the cavity's inner surface, 

which absorbs concentrated solar radiation. The absorbed energy is transferred to the working fluid (water) via conduction 

through the pipe wall and forced convection, ensuring efficient heat transfer. 
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Fig. 7 Picture of the system using the cylindrical cavity 

 
Fig. 8 Efficiency of an open cylindrical cavity under different flow rates 

 
Fig. 9 comparison between the efficiency of a open and closed cylindrical cavity as a function of flow rate 

6 Conclusion 

This study explores the efficiency of solar parabolic concentrators with cylindrical-conical receivers and glass windows 

for low-temperature heat generation in decentralized applications. Key findings include optimal optical performance when 

the receiver aperture aligns with the focal point, with a 2.2 m focal length providing greater stability and a wider cone 

angle (e.g., 60°) increasing efficiency from 35% to 68%. Sealing the receiver with glass improved thermal efficiency up 

to 80%, reducing convective losses compared to an open cavity (40–62% efficiency). Flow rate variations had minimal 

impact on low inlet temperatures (30°C). Future work will test cylindrical receivers with secondary reflector cones and 

evaluate spherical receivers of varying diameters to optimize configurations for real-world applications, advancing the 

design of efficient solar thermal systems for low temperature uses. 
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