Ontario

UNIVERSITY

/i'ﬁz

TURKEY

PROCEEDINGS OF 15th INTERNATIONAL
EXERGY, ENERGY, AND ENVIRONMENT
SYMPOSIUM

December 19-21, 2024
iIstanbul Atlas University,
istanbul/Tiirkiye

EDITORS

Ibrahim DINGER Behiye YUKSEL
Zafer UTLU Arif KARABUGA










15" International Exergy, Energy and Environment Symposium (IEEES-15), December 19-22, 2024, Istanbul, Tiirkiye

MESSAGE FROM THE FOUNDING CHAIR

The 15th International Exergy, Energy, and Environment Symposium (IEEES) is a multidisciplinary
international platform where energy and environmental issues, along with the effects of global climate change,
are addressed at an advanced level. The symposium covers all aspects of structural problems, including their
evidence, causes, impacts, and potential solutions. It aims to provide an effective platform for sharing research-
based technical knowledge, disseminating high-quality research results, presenting new approaches, strategies,
policies, and scientific developments, and supporting future priorities for more sustainable development and a
healthier environment.

Technological change spans a wide range of disciplines, including innovative solutions, process engineering,
the effects of climate change, climate change modeling and simulations, energy and environmental policies,
energy resources and conversion technologies, renewable energy sources, emission reduction, waste
management, ecosystems and biodiversity, and sustainable development.

Since its inception in 2003, IEEES has been successfully organized as a leading symposium in its field. IEEES-
15, held at Istanbul Atlas University in Istanbul, Turkey, continued this tradition as the 15th event in the series.
This symposium, which has been hosted in various parts of the world, continues to expand its international
profile. The scientific program of IEEES-15 included sessions featuring keynote and invited speakers, as well
as parallel sessions where research-based scientific papers were presented. In addition, the event featured
poster presentation sessions and sector-specific sessions, allowing industry participants to share their original,
high-quality work. The social program included a welcome reception, a gala dinner, and corporate events.

All papers submitted to the symposium underwent a rigorous peer-review process, maintaining the high
standards of the event. Accepted papers were published in the IEEES-15 proceedings book. Furthermore, high-
guality papers will undergo additional review for publication in special issues of reputable international
journals and as edited book chapters. The discussions and findings from the symposium were compiled into a
comprehensive final report, reflecting the shared insights of panelists and participants.

The event brought together 289 participants from 17 different countries. IEEES-15 was also held successfully,
and the outcomes of that symposium have been considered a milestone for addressing energy and
environmental sustainability among researchers, academics, and decision-makers.

Prof. Dr. ibrahim DINCER
Founding Chair, IEEES
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MESSAGE FROM THE SYMPOSIUM CHAIR

Energy and environmental challenges, which directly influence and exacerbate climate change, continue to
emphasize the urgent need for strategic solutions that promote societal sustainability. Global warming,
primarily driven by pollution from human activities and the excessive consumption of fossil fuels, raises the
Earth's average surface temperature and increasingly threatens ecosystems and biodiversity. Since the
Industrial Revolution, greenhouse gas emissions—Ilargely originating from coal, oil, and natural gas—have
contributed significantly to environmental degradation. In contrast, clean energy solutions like hydrogen,
which promise a carbon-free future, are becoming more influential and transformative.

Addressing these complex issues requires a multidisciplinary and comprehensive approach. The global focus
on decarbonization and green initiatives centers on protecting the environment, enhancing human well-being,
and fostering sustainable societies. Within this context, the 15th International Exergy, Energy, and
Environment Symposium (IEEES-15) was held in Istanbul, Turkey, from December 19 to 21, 2024. The event
was organized through the collaboration of Istanbul Atlas University, Ontario Tech University, the National
Hydrogen Association, RePG, ATUSA, and CELIK, with strong institutional and organizational support.

IEEES-15 brought together leading academics, researchers, scientists, technologists, and engineers from
diverse disciplines to exchange knowledge, share experiences, and present innovative solutions in energy and
environmental fields. The symposium featured a variety of sessions, including keynote speeches, oral and
poster presentations, and special panels addressing sector-specific topics. Over 36 parallel sessions covered a
wide range of disciplines, fostering vibrant discussions and collaborations on sustainable energy and
environmental systems.

Key themes of IEEES-15 included Renewable Energy Technologies, Solar Energy, Oil and Gas Technologies,
Smart Grids, Green and Electric Transportation, Alternative and Clean Fuels, Hydrogen and Fuel Cell
Technologies, Nuclear Energy, Desalination Technologies, Wastewater Treatment, and Environmental
Technologies. Emerging areas such as smart cities, green buildings, energy management systems, and
decarbonization strategies were also explored. The symposium addressed critical societal and environmental
challenges, such as life cycle assessment, CO2 reduction technologies, biological waste utilization, wastewater
treatment, and nuclear energy advancements.

IEEES-15 welcomed 289 participants from 17 countries, featuring eight keynote speeches, 42 parallel sessions,
and 113 individual presentations. This symposium successfully served as a platform for fostering
collaboration, sharing research, and promoting innovative ideas to advance energy and environmental
sustainability on a global scale.

I would like to express my sincere gratitude to Dr. Yusuf Elgdrmiis, Chairman of the Board of Trustees of
Istanbul Atlas University, and Prof. Dr. Ersoy Kocabicak, Rector of istanbul Atlas University, for their
unwavering support and guidance. | also extend my heartfelt thanks to the organizing institutions, supporting
organizations, the Organization Committee, and the dedicated members of the organizing board. Special
recognition goes to the Founding Chair, Prof. Dr. Ibrahim Dinger, for his pioneering vision and leadership.
Lastly, I am deeply grateful to our sponsors for their invaluable contributions and to all participants, whose
active involvement and support made this symposium a resounding success.

Prof. Dr. Zafer UTLU
IEEES-15, Symposium Chair
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awards by six-fold. He is responsible for sponsored research programs, facilities, centers and institutes.

Widely regarded as one of the nation’s leading researchers on sustainable energy, materials, and
technologies, Gupta is a frequent keynote speaker and writer on the new developments and innovations.
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Engineering (raeng.org.uk). Prof. Jouhara obtained his PhD in Mechanical Engineering from the
University of Manchester, UK in 2004 and has a career in both the Industry and Academia since then. He
is a Chair of Thermofluids at Brunel and the founder and head of the Heat Pipe and Thermal Management
Research Group and the Principal Investigator of many national and international projects in the areas of
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promoting the objectives of the RSC in ways that contribute significantly to Canadian society. In
acknowledgment of Professor Hamdullahpur’s leadership in education and innovation, he was awarded
the Queen Elizabeth 1l Diamond Jubilee Medal in January 2013.

XXXVi


https://www.ieees2024.org/speakers/

15" International Exergy, Energy and Environment Symposium (IEEES-15), December 19-22, 2024, Istanbul, Tiirkiye

Prof. Dr. Arif HEPBASLI

YASAR UNIVERSITY / TURKIYE

Dr. Hepbasli was born in Izmir in 1958 and has been involved in energy-related fields for 43 years. He
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Abstract

This study focuses on the recovery of industrial waste heat. In natural gas compression facilities, the
compression work required for the compressor is supplied by the electrical work generated from the
turbine, which operates using the combustion of natural gas. An Organic Rankine Cycle (ORC) system
has been integrated to utilize waste heat. High-temperature ORC systems differ from conventional ORC
systems in both the electricity generated and the working fluid used. To utilize the waste heat at a
temperature of approximately 530°C, Cyclopentane has been selected as the working fluid in the ORC
system. This study presents a practical example of high-temperature waste heat recovery through a case
study.

Keywords: Natural gas, Wasteheat recovery, thermodynamic analysis
Introduction

The global energy sector faces significant challenges due to the increasing energy demand, the depletion
of fossil fuel reserves, and the urgent need to reduce greenhouse gas emissions [1]. Additionally, the world
population is expected to reach nearly 10 billion by 2050, leading to a substantial rise in energy demand.
Urbanization, with more people moving to cities and requiring energy for transportation, heating, cooling,
and electricity, further exacerbates energy consumption [2]. Climate change clearly illustrates that global
temperatures are already 1°C above pre-industrial levels and are projected to reach 1.5°C within the next
20 years [3].

Global temperatures are rising at an unprecedented rate, with the past decade being the warmest on record
[4]. This rapid warming, combined with the environmental impacts of industrial activities, has prompted
the development of stricter global protocols such as the Kyoto Protocol [5], the Paris Agreement [6], and
the Montreal Protocol [7], which aim to reduce emissions and promote sustainable development. This
creates pressure on industries to innovate while minimizing their environmental footprints. Achieving
efficient systems that facilitate sustainable and optimal energy use has become a primary goal for an
increasing number of companies.

Innovations are being introduced across various engineering fields to reduce fossil energy consumption
or better utilize renewable resources. However, Johnson [1] estimates that 20% to 50% of primary energy
input in U.S. industrial processes is lost as waste heat, with up to 40% potentially recoverable as useful
work. Waste Heat Recovery (WHR) technology, therefore, presents a compelling opportunity to reduce
industrial carbon footprints. WHR also contributes to the rational use of energy, aligning with the United
Nations' sustainable development goals.

The Organic Rankine Cycle (ORC) has become a widely used method for efficiently utilizing energy by
converting industrial waste heat into electricity, and the selection of refrigerants for ORC systems is of
great importance. A basic ORC system typically consists of an evaporator, a condenser, an expander, and
a pump. Moreover, ORCs offer significant advantages compared to steam cycles, including operation at
lower pressures, lower operation and maintenance costs, and adaptability to low- and medium-grade heat
sources [8-10]. In recent years, waste heat recovery from industrial processes via ORCs has gained
considerable attention.
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Materyal and Method

The presented study examines an energy conversion system that utilizes waste heat for electricity
generation. Table 1 provides data related to the design and analysis of the system. The presented
parameters highlight an optimized ORC system designed for efficient energy recovery from industrial
waste heat. With an ambient temperature of 10°C, the system benefits from improved condenser
performance, as low environmental temperatures enhance heat dissipation. The exhaust temperature range
of 510-530°C provides a significant source of waste heat, while the high mass flow rate of 40.31 kg/s
ensures a substantial transfer of thermal energy to the system. The use of Terminol 66, a thermally stable
heat transfer oil, facilitates efficient energy transfer, with an input temperature of 300-310°C ensuring
effective utilization of the exhaust heat. The ORC system’s turbine and pump demonstrate high isentropic
efficiencies of 80% and 85%, respectively, minimizing energy losses during mechanical and fluid work
processes. Cyclopentane, selected as the working fluid, offers excellent performance in low to medium-
temperature applications, aligning well with the system’s operating conditions. The turbine operates with
an input temperature of 230-238°C and a pressure range of 30—40 bar, ensuring optimal energy extraction
from the working fluid. Overall, the system is well-configured to achieve efficient energy recovery, with
key design choices such as the heat transfer medium, working fluid, and operational efficiencies
contributing to its performance and practicality.

Table 1. Design and analysis parameters of the presented study

Parameter Value

Ambient temperature and pressure

10°C and 1 bar

The exhaust temperature and pressure

510-530 °C and 1 bar

The exhaust mass flow rate 40.31 kg/s
The exhaust density 1.2930 kg/m?3
Heat transfer oil Terminol 66

HE input temperature

300°C - 310°C

Heat transfer oil mass flow rate 40.29 kg/s
Turbine isontropic efficiency 0.80

Pump isontropic efficiency 0.85

ORC working fluid Cyclopentane

Turbine input temperature

230°C-238°C

Turbine input pressure

30-40 bar

The working principle and flow diagram of the system are illustrated in Figure 1. This flow diagram
illustrates the key components and operation of an Organic Rankine Cycle (ORC) system designed to
convert waste heat into electricity. The process begins with waste heat sourced from a compressor plant,
which is transferred to a heat exchanger. The heat exchanger raises the temperature of the working fluid,
preparing it for preheating and evaporation. In the evaporator, the working fluid transitions fully into the
vapor phase and is then directed to the turbine. Inside the turbine, the vapor expands, producing
mechanical energy, which is subsequently converted into electricity by a generator and supplied to the
grid. After leaving the turbine, the lower-energy working fluid enters the recuperator, where a portion of
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its energy is recovered to enhance system efficiency. The fluid is then cooled in the condenser,
transitioning back into a liquid state with the help of a cooling tower. The cooled liquid is pumped back
to the preheater by the system’s pumps, completing the cycle. Key design elements, such as the recuperator
and cooling tower, improve energy efficiency by recovering heat and effectively dissipating excess energy.
The integration of the turbine and generator allows for the conversion of waste heat into usable electricity,
making the system an efficient solution for utilizing low- and medium-temperature heat sources. This
design highlights the potential of ORC systems in promoting sustainable energy use. The energy balance
equations applied to the waste heat-ORC based power generation system are given below [11];

ZTﬁinZZ'I’Tiout

@)

Qin +Win+ Z(m inhin) = Qout + W out + Z(m uuthuut) (2)

o

Grid

Electricity
Generator

e

Turbine

Recuperator

15 Pump-2

-
3 E
Evaporator
- 14
4 12

11
Heat

exchanger 10 3 Condenser
E - 13

Preheater 9 i
Cooling tower

5

L AL |

Compressor
plant |

!-.u .n;;

Pump-1

Fig. 1. Flow chart of the presented study

Results

This section discusses the thermodynamic evaluation of waste heat-supported power generation.
Experiments are conducted under varying waste heat outlet temperature and mass flow rate conditions,
considering different parameters. Additionally, this section presents the energy efficiency of the
investigated waste heat-based power generation system. Furthermore, parametric analyses are provided to
investigate the effects of waste heat outlet temperature and mass flow rate conditions on the overall
performance of the system. Waste heat based energy efficiency changed are illustrated in Figure 2. The
graph illustrates the relationship between the overall system energy efficiency (nsys) and the waste heat
temperature. As seen, the energy efficiency of the system increases steadily with rising waste heat
temperatures, starting from approximately 25% at 500°C and reaching around 42% at 750°C. This positive
correlation highlights the impact of higher waste heat temperatures on the performance of the system. The
consistent upward trend indicates that higher waste heat temperatures provide a greater thermal energy
input, enhancing the efficiency of energy conversion processes within the system. This improvement is
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particularly significant in waste heat recovery systems like the ORC, where higher temperature gradients
between the heat source and working fluid drive more efficient energy transfer and conversion. The graph
underlines the importance of maximizing waste heat temperature to optimize the overall system
performance and energy utilization.

0.45

T Msys

7

035 /
03 /

Tsys

0.2 ! !
500 550 600 650 700 750

Waste heat temperature (°C)

Fig. 2. Energy efficiency of the system changed based on waste heat

The figure 3 illustrates the relationship between the overall system energy efficiency (nsys) and the mass
flow rate of the working fluid. It demonstrates a linear increase in system efficiency as the mass flow rate
rises. At lower mass flow rates (around 10 kg/s), the energy efficiency starts at approximately 10%, and
as the mass flow rate increases to 50 kg/s, the efficiency reaches around 45%. This linear trend indicates
that a higher mass flow rate enhances the system’s capacity to transfer and utilize thermal energy
effectively. As the mass flow rate increases, the system is able to recover and convert more waste heat into
useful energy, thereby improving overall efficiency. The direct proportionality suggests that the mass flow
rate is a critical parameter in optimizing the energy performance of waste heat recovery systems. However,
practical constraints such as system design limits and operational costs should be considered when
increasing the mass flow rate. This graph emphasizes the importance of mass flow rate optimization in
maximizing the energy output of the system.
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Fig. 3. Energy efficiency of the system changed based on mass flow rate

Conclusions

This study presents the thermodynamic analysis of the waste heat based ORC system integrated power
generation system. The thermodynamic analysis of the system designed according to the actual operating
conditions is discussed. The important results obtained in the study are presented below;

e The data compares the energy efficiency for both the turbine and the overall system. The turbine's
energy efficiency is calculated as 21.27%

e Incontrast, energy efficiency of overall is calculated as 22.87%.
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Abstract

Perovskite solar cells represent a major advancement in photovoltaic technology. Utilizing crystalline
perovskite materials, these cells achieve exceptional efficiency in converting sunlight into electricity.
Compared to traditional solar cells, perovskite cells are easier and cheaper to manufacture while
delivering impressive performance, making them a promising option for the future of renewable energy.

In our study, we developed a solar cell structure with the configuration FTO/(PEDOT:PSS) poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate)/Perovskite/C60/Ag, incorporating this polymer as a
crucial component. PEDOT:PSS functions as a hole transport layer, facilitating the movement of positive
charges between the perovskite layer and the electrodes. Additionally, PEDOT:PSS improves the
adhesion and stability of the perovskite layers while providing excellent electrical conductivity.

Our research focused on optimizing the preparation of perovskite films, addressing two main aspects.
First, we refined the solution-processing parameters, exploring various formulations and methods for
preparing the perovskite precursor solution, particularly for triple-cation perovskites Cs(MaFa)PbBrl,
known for their superior stability and reduced sensitivity to processing conditions. Adjustments were
made to the spin-coating and annealing processes, including variations in spin-coating speeds (2000 to
6000 rpm), durations (15 to 30 minutes), and annealing temperatures (60 to 120°C).

Second, we replaced the conventional anti-solvent method with a vacuum-assisted approach, which
involved placing the perovskite film in a vacuum chamber to enhance rapid crystallization by effectively
removing residual solvents.

We controlled the PEDOTPSS layer thickness through deposition speed. Surface morphology was
analyzed using scanning electron microscopy (SEM), while X-ray diffraction (XRD) assessed the
crystallinity of the perovskite films. UV-Visible spectroscopy measured absorbance, and contact angle
measurements evaluated surface hydrophobicity.

These efforts resulted in the successful development of stable perovskite films that can withstand
ambient air conditions for extended periods.

Keywords: Perovskite solar cells, Ambient fabrication, Renewable energy.

Introduction

Perovskite solar cells (PSCs) have indeed garnered significant attention over the past decade for their
impressive potential in terms of efficiency, cost-effectiveness, and design flexibility [1-2]. Their
efficiency has rapidly approached that of traditional silicon solar cells, with laboratory prototypes even
surpassing 25%. Despite this promising progress, PSCs face challenges related to their sensitivity to
environmental conditions such as air, water, light, and temperature, which can affect their long-term
stability. To address these issues, high-efficiency PSCs often require fabrication within controlled
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environments, like glove boxes filled with inert gases or dry air. Additionally, the use of halogenated anti-
solvents in crystal growth, while effective, adds complexity and cost to the production process,
complicating large-scale manufacturing.

In light of these challenges, our research focuses on transitioning the fabrication process of PSCs from
controlled environments to ambient air conditions. Specifically, we developed a new fabrication approach
that avoids the need for anti-solvents by using a vacuum-based method. The structure of the PSCs
produced in ambient air conditions consists of FTO/(PEDOT:PSS)/ Perovskite/C60/Ag. This method
aims to simplify the production process and enhance the feasibility of scaling up while maintaining high
efficiency. By moving away from traditional anti-solvent strategies and relying on a vacuum-based
approach, we hope to mitigate some of the obstacles associated with PSC production and contribute to
the advancement of more practical and scalable solar technologies.

Experimental Procedure

The FTO glass substrates were cleaned in detergents, ethanol, distilled water, and isopropanol, then dried
by nitrogen. The Poly(3,4-ethylenedioxythiophene):polystyrene sulfonate (PEDOT:PSS) solution was
spin coated on the FTO substrate and then annealed at 120 °C.

To prepare the perovskite film, a precursor solution was prepared by dissolving salts in a solvent mixture.
Beforehand, an investigation was conducted to determine the optimal stoichiometric ratios of the
perovskite by adjusting the quantities of the Cs/MA/FA and halides (Br and I) mixtures. We then assessed
the homogeneity and stability of the resulting films under ambient conditions over time, and based on
this evaluation, selected the most suitable film. We also made adjustments to the spin-coating deposition
and annealing parameters of the different layers.

After that, the perovskite precursor solution was spin coated on FTO/PEDOT:PSS substrate at room
temperature, using a simple vacuum pump and then the C60 (Buckminsterfullerene) solution was
deposited on perovskite by spin coating. Finally, Ag contacts were elaborated.

Results and discussions

Figure 1 shows the surface morphology of FTO surface (figure 1a) and FTO/PEDOT:PSS/ Perovskite
(figure 1b).

We notice a remarkable change in morphology: a thin, clear layer of PEDOT:PSS on the FTO surface,
which is covered by the perovskite that has a slate-like appearance.
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