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PREFACE FROM GENERAL CHAIR

Turkish Academy of Sciences (TÜBA) continues to promote and support 
science and scientist with projects, research activities, scientific 
meetings, and reveals books and reports with working groups in an 
interdisciplinary manner.  TÜBA Energy Working Group and other 
thematic working groups which consist of experienced scientists in 
related fields continue science-based activities in line with the needs 

of society and innovations in technology. 

Energy has always been at the forefront throughout human history and 
shaped modern times. Therefore, we focus on it a holistic approach during the programs 
of the TÜBA Energy Working Group. In science, there is not any field or scientific discipline 
that does not have a relation with energy. Energy is a common value of human beings. 
Meanwhile, the production of useful and sustainable energy sources including increasing 
carbon-free consumption is a helpful and vital instrument for the health and welfare of our 
country, and peace in the region and international affairs.

Today, energy investments and roadmaps are planned with the common perspective of 
many disciplines such as economics, international politics, Social Sciences, informatics, 
health, and natural and applied sciences. In this context, on behalf of the Turkish Academy 
of Sciences, I would like to invite you to the TÜBA World Conference on Energy Science 
and Technology (TÜBA WCEST-2021), to be held between 8 – 12 August 2021, to discuss 
the energy technologies, strategies, and policies in a multidisciplinary aspect.

Prof. Dr. Muzaffer Şeker
General Chair of TUBA WCEST-2021

President of Turkish Academy of Sciences (TÜBA)
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PREFACE FROM CONFERENCE CHAIR

As the chair for Energy Working Group at the Turkish Academy of Sciences 
(TUBA), it is my distinct pleasure to welcome you all to this unique 

event (so-called: TUBA World Conference on Energy Science and 
Technology (TUBA WCEST-2021)), which is held online virtually. This 
distinct conference aims to bring/connect internationally renowned 
researchers and scientists, leading policymakers and strategists, and 

society presidents and committee chairs to deliver plenary, keynote, 
and invited talks in various areas of energy science and technology.

The program starts on Sunday (August 8th) with two panel discussion sessions, one on 
“Energy, Environment and Economy” and the other one on “Energy and Education” where 
current challenges, potential solutions, opportunities and future directions are discussed by 
the leading experts. The program opens its technical sessions on Monday with the formal 
opening talks where the TUBA President, Minister of Industry and Technology, and Minister of 
Energy and Natural Resources deliver their speeches. The program continues with 29 plenary/
keynote speakers, 27 invited speakers and over 121 general speakers on four days which 
make an exceptionally designed conference in the area of energy science and technology. It 
then ends on Thursday (August 12th) with a panel discussion session and closing remarks.

Furthermore, there are general sessions where many research talks are delivered by 
researchers, scientists, engineers, and technologists to disseminate high-quality research 
results and present new findings. Local and global online participations are expected from 
academia, government agencies, and industry to bring all players together, and the conference 
is then expected to lead to effective and fruitful discussions and collaborations among these 
attendants from different disciplines, institutes, and sectors from all over the world. Moreover, 
it is planned to have some special issues in various reputable international journals to publish 
high-quality papers out of the conference.

In closing, I warmly welcome you all to attend this unique conference and help a create a 
fruitful virtual platform. I wish you all a successful event.

Prof. Dr. İbrahim Dincer
Conference Chair of TUBA WCEST-2021
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Scientific ProgramScientific Program
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Sunday - August 8, 2021 - Zoom Link

Panel Discussion Session 1: Energy, Environment & Economy
Moderator: Ilgi Karapinar, Turkey

14:00 
16:00
(GMT+3)

Break16:00 - 16:15 (GMT+3)

Panel Speakers

Azize Ayol, Dokuz Eylül University, Turkey

Chris Cook, ISRS at University College London, UK

Mihri Ozkan, University of California, Riverside, USA

Seeram Ramakrishna, National University of Singapore, Singapore

Olcay Unver, Arizona State University, USA

Zafer Ure, PCM Products, UK

Panel Discussion Session 2: Energy & Education
Moderator: Hatice Eser Okten, Turkey

16:15 
18:15
(GMT+3)

Panel Speakers

Feridun Hamdullahpur, University of Waterloo, Canada

Onur Mutlu, ETH Zurich, Switzerland

Celile Eren Okten, Yildiz Technical University, Turkey

Bestami Ozkaya, Yildiz Technical University, Turkey

Marc A. Rosen, Ontario Tech University, Canada

Mehmet Yildiz, Sabanci University, Turkey

Monday - August 9, 2021 - Zoom Link

Opening Speeches

09:00 

(GMT+3)

Break10:30 - 10:45

Break12:15 - 13:15

Prof. Dr. Muzaffer Seker, President of Turkish Academy of Sciences (TUBA) & General Chair of Conference

H.E. Fatih Dönmez, Minister of Energy and Natural Resources, Turkey

H.E. Mustafa Varank, Minister of Industry and Technology, Turkey

Plenary Session
Session Chair: Ibrahim Dincer, Canada/Turkey

10:45 
12:15
(GMT+3)

Christian Rakos

President of World Bioenergy Association (WBA), Austria

Transforming Bioenergy Use in the Developing World – A Key Target for Sustainable Development 
and Net Zero Carbon Emissions

Feridun Hamdullahpur

Past President, University of Waterloo, Canada

An Overview of the Role of Universities on Energy and Sustainability

(GMT+3)

(GMT+3)

https://veduboxsystem.zoom.us/j/95210968417?pwd=aFRwbWx6ZXAzWWQ0RGFHVEhOYmVGZz09
https://veduboxsystem.zoom.us/j/96506753639?pwd=THhYaEZUY2pqSm9RR0hZeitMSWorUT09
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13:15 
14:45
(GMT+3)

#7 “Hydrothermal Carbonization of Wet Olive Mill 
Waste” G. Balmuk, H. Cay, G. Duman Tac, I. C. 
Kantarli & J. Yanik 

#65 “Biochar: Physical Properties and Effects on 
the Soil” M.H. Alma, A. Altıkat & S. Altıkat

#66 “Bio-Oil Separation and Upgrading 
Techniques” M.H. Alma, A. Altıkat & S. Altıkat

#89 “Utilization of Soft Drink Industry Waste as 
Energy Feedstock” I.C. Kantarli

#120 “Impact of Using Ethanol-Gasoline 
Compound Fuel on Performance of a Dual-Fuel 
Vehicle” P. Kamarei, P. Ahmadi, N. Javani & M. 
Raeesi

#126 “Sugarcane Leaves and Tops for 
Biogas Production by Batch Experiments” N. 
Sinbuathong, B. Sillapacharoenkul, R. Khun-
anake & Y. Paopun

Keynote Talk 1
13:15 – 14:00 (GMT+3)
Benjamin K. Sovacool
University of Sussex, UK
Decarbonisation and Its Discontents: A 
Critical Justice Perspective on Four Low-
Carbon Transitions

Keynote Talk 2
14:00 – 14:45 (GMT+3)
Richard S.J. Tol
University of Sussex, UK
The Economic Impact of Climate and 
Weather

     Monday - August 9, 2021

Zoom Link 3
General Session 1

Biofuels and Bioenergy

Session Chair: M. Hakkı Alma, Turkey

Zoom Link 1
Keynote Session 1

Session Chair: Adolfo Iulianelli, Italy

Invited Talk 1
13:15 – 13:45 (GMT+3)
Umberto Desideri
University of Pisa, Italy
Power to Fuel Technologies: Is a Necessary 
Option for the Future?

Invited Talk 2
13:45 – 14:15 (GMT+3)
Chris Cook
The ISRS at University College London, UK
Introducing the Energy Treasury: from $ 
Economics to Energy Economics

Invited Talk 3
14:15 – 14:45 (GMT+3)
James Carton
Dublin City University & Hydrogen Ireland 
Association, Ireland
Hydrogen; Building a Hydrogen Economy on 
the Island of Ireland

Zoom Link 2
Invited Session 1

Session Chair: Ali Kosar, Turkey

Break14:45 - 15:00 (GMT+3)

     Monday - August 9, 2021

Break16:30 - 16:45

#45 “Pd-Modified Polyrhodanine for Methanol 
Electrooxidation Reaction” R Solmaz & D Öztürk

#52 “Selection and Synthesis of Ceramic 
Electrolytes for Intermediate Temperature Solid 
Oxide Fuel Cells” H. Ozlu Torun

#97 “On Energy Performance of SOFC 
Integrated S-CO2 Micro-Gas Turbine” U. Akbulut 
& A. Midilli

#30 “Highly Stable Pouch Cell Scale Quasi-
Solid-State Lithium-Air Batteries” M. Çelik, A. 
Kizilaslan, T. Çetinkaya & H. Akbulut

#129 “Hydrogen Fuel Cell Bus Performance 
Assessment with Machine Learning Degradation 
Prediction” P. Ahmadi

#116 “Investigating the Environmental Effects of 
a Hybrid UAV with Fuel Cell, According to Two 
Different Scenarios” D. Çalişir, S. Ekici, A. Midilli 
& T.H. Karakoç

Invited Talk 4
15:00 – 15:30 (GMT+3)
Muhammad Ali Imran
University of Glasgow, UK
5G Communication Systems and Energy 
Efficient Future

Invited Talk 5
15:30 – 16:00 (GMT+3)
Mehmet Sarikaya
University of Washington, USA
Energy Materials - Current & Future

Invited Talk 6
16:00 – 16:30 (GMT+3)
Alejandro H. Buschmann
Universidad de Los Lagos, Chile
Macroalgal Sea-farming and Biofuels: 
Desires and Facts

Keynote Talk 3
15:00 – 15:45 (GMT+3)
Neven Duić
University of Zagreb, Croatia
Decarbonisation of Energy Systems with 
Variable Renewables

Keynote Talk 4
15:45 – 16:30 (GMT+3)
Erol Gelenbe
Polish Academy of Sciences, Poland
Energy Consumption by ICT: Facts, 
Measurements, and Trends

Zoom Link 3
General Session 2

Fuel Cell & Batteries

Session Chair: Bora Timurkutluk, Turkey

Zoom Link 2
Invited Session 2

Session Chair: Umberto Desideri, Italy

Zoom Link 1
Keynote Session 2

Session Chair: Ilgi Karapinar, Turkey

15:00 
16:30
(GMT+3)

(GMT+3)

https://veduboxsystem.zoom.us/j/96506753639?pwd=THhYaEZUY2pqSm9RR0hZeitMSWorUT09
https://veduboxsystem.zoom.us/j/96812243926?pwd=aEpWZXVoNmlCMnYzTkFSNk4zTU4vUT09
https://veduboxsystem.zoom.us/j/94105806445?pwd=ZnltRUE2TzB5YXU1MUs3UldaTXRwdz09
https://veduboxsystem.zoom.us/j/96506753639?pwd=THhYaEZUY2pqSm9RR0hZeitMSWorUT09
https://veduboxsystem.zoom.us/j/96812243926?pwd=aEpWZXVoNmlCMnYzTkFSNk4zTU4vUT09
https://veduboxsystem.zoom.us/j/94105806445?pwd=ZnltRUE2TzB5YXU1MUs3UldaTXRwdz09
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     Monday - August 9, 2021

16:45 
18:15
(GMT+3)

#9 “Emissions and Its Driver Analysis for the 
United Kingdom Higher Education Institute” A. 
Nayak, N. Turner & E. Gobina

#32 “Evolution of Microclimate Effect of an Urban 
Park over Their Built Environment” M.A. Ruiz, 
M.F. Colli, C.F. Martínez & E.N.C. Cantaloube

#42 “Analysis of Urban Scale Energy 
Certification Systems for Efficient Communities” 
M.B. Sosa, E.N. Correa & M.A. Cantón

#71 “Bioclimate of Urban Areas at the Russian 
far North in the Context of Climate Change: 
Energy and Human Health” E.A. Grigorieva

#92 “Production of Pan-Peg Thermal Energy 
Storage Nanofibers by Electrospinning Method” 
T. Paçacı, C. Alkan, Y. Dinç & E. Kişioğlu

#107 “A New Methodology for Distributor 
Selection in Refrigeration Cycles” H.A. 
Hacımusalar, M.H. Sökücü, M.R. Özdemir & A.S. 
Dalkılıç

Keynote Talk 5 
16:45 – 17:30 (GMT+3)
S. Ravi P. Silva CBE 
University of Surrey, UK  
A Net Zero Carbon World through Innovation 
in Energy Materials 

Keynote Talk 6 
17:30 – 18:15 (GMT+3)
Marc A. Rosen 
Ontario Tech University, Canada  
Energy Sustainability for Sustainable 
Development 

Zoom Link 3
General Session 3

Sustainable Development - I 

Session Chair: Barbaros Cetin, Turkey

Zoom Link 1
Keynote Session 3

Session Chair: Neven Duić, Croatia

Invited Talk 7
16:45 – 17:15 (GMT+3)
Steven Brown
Director, New Strain Development, LanzaTech, USA
Stepping on the Gas to a Circular Economy: 
Accelerating the Development of Carbon-
Negative Chemical Production from Gas 
Fermentation

Invited Talk 8
17:15 – 17:45 (GMT+3)
Cengiz Sinan Ozkan
University of California, Riverside, USA
Materials Design for Sustainability and Energy 
Storage

Invited Talk 9
17:45 – 18:15 (GMT+3)
Tianzhen Hong
Lawrence Berkeley National Laboratory, USA
Applications of Machine Learning Techniques in 
Buildings: An Overview and Examples

Zoom Link 2
Invited Session 3

Session Chair: Murat Koksal, Turkey

Break10:30 - 10:45

Tuesday - August 10, 2021

09:00 
10:30
(GMT+3)

#29 “Geothermal Energy Production from Oil and 
Gas Wells: A Technical Review” A. Mukhtarov, G. 
Gokcen Akkurt & N. Yildirim

#69 “Working Fluid Selection and Performance 
Analysis of a Geothermal Binary Power Plant” Z. 
Ozcan & G. Gokcen Akkurt

#90 “Modeling and Performance Evaluation of the 
Geothermal Energy Based Combined Plant for 
Different Products” Y.E. Yuksel, F. Yılmaz & M. 
Ozturk

#34 “Determining Compensation Rate for Wind-
Solar Hybrid Energy System in Istanbul Based on 
ANFIS Modeling” E. Gün & A.D. Şahin

#23 “Outdoor Performance of an Improved 
Thermoelectric Heat Pumping Solar Air Heater” J. 
R. Segnon & H.O. Njoku

#24 “Development of Hybrid Power Systems for 
North India Rural Areas” G. Muthukumaran & B. 
Kosoy

Keynote Talk 7
09:00 – 09:45 (GMT+3)
Kevin Trenberth
National Center for Atmospheric Research 
(UCAR), USA
The Changing Flow of Energy Through the 
Climate System

Keynote Talk 8
09:45 – 10:30 (GMT+3)
Jianlei Niu
The Hong Kong Polytechnic University, Hong 
Kong
Progresses in Thermal Energy Storage 
Research to Reduce the Energy Use in 
Buildings

Zoom Link 1
Keynote Session 4

Session Chair: Ilker Tari,  Turkey

Zoom Link 2
General Session 4

Renewable Energy – I

Session Chair: Arif Hepbasli, Turkey

https://veduboxsystem.zoom.us/j/96506753639?pwd=THhYaEZUY2pqSm9RR0hZeitMSWorUT09
https://veduboxsystem.zoom.us/j/96812243926?pwd=aEpWZXVoNmlCMnYzTkFSNk4zTU4vUT09
https://veduboxsystem.zoom.us/j/94105806445?pwd=ZnltRUE2TzB5YXU1MUs3UldaTXRwdz09
https://veduboxsystem.zoom.us/j/92798678497?pwd=ejk0MW1kajl4eExqRzR0cGRISjJxQT09
https://veduboxsystem.zoom.us/j/96877702276?pwd=K1J2QldEWmlwYUpCOFNJMGNuUjJIZz09
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Break12:15 - 13:15

Specialized Talk 1
10:45 – 11:05 (GMT+3)
Emre Artun
Istanbul Technical University, Turkey
Machine-Learning Based Modeling of 
Hydrocarbon Reservoirs

Specialized Talk 2
11:05 – 11:25 (GMT+3)
Ozge Bozkurt
TUPRAS R&D Center, Turkey
The Clean Fuel Technology Approach of 
TUPRAS R&D

Specialized Talk 3
11:25 – 11:45 (GMT+3)
Salomé Larmier
Le Mans Université, France
Beef Veins: a Multi-marker for Mature Source 
Rock

Specialized Talk 4
11:45 – 12:05 (GMT+3)
Samil Sen
İstanbul University – Cerrahpasa, Turkey
Determination of a Deep Learning-Based Model 
for Shale Porosity Prediction Using World 
Scale Data Set

Zoom Link 1
Specialized Session 1

New Dimensions in Fossil Fuels 

Session Chair: Ismail Boz, Turkey

10:45 
12:15
(GMT+3)

#53 “Environmental Impact Assessment of 
a Novel Photoelectrochemical Reactor for 
Hydrogen Production” A.E. Karaca & I. Dincer

#135 “The Role of Machine Learning on 
Metal Hydride for Hydrogen Storage” M.S. 
Karasu Asnaz & A. Midilli

#64 “Activated Carbon-Decorated Spherical 
Titanium Oxide Nanoparticles for Enhanced 
Hydrogen Production” S. Sekar, D.Y. Kim & 
Sejoon Lee

#67 “Influence of Biohydrogen Production on 
the Ratio of Generated Acids and Regulation 
of ΔpH in E. Coli During Fermentation 
of Mixed Carbon Sources at pH 7.5” H. 
Gevorgyan & K. Trchounian

#80 “Design of a Future Hydrogen Supply 
Chain: A Multi-Objective Model for Turkey” E. 
Geçici, A. Erdoğan & M.G. Güler

#112 “Electrospinning is a Powerful Tool for 
the Design of Carbon Nanofiber Towards 
Hydrogen Energy System” A.K. Figen

Zoom Link 2
General Session 5

Hydrogen Energy  Technologies – I

Session Chair: Yilser Devrim, Turkey

Tuesday - August 10, 2021

Break14:45 - 15:00

Invited Talk 10
13:15 – 13:45 (GMT+3)

Umit B. Demirci
University of Montpellier, France 
Boron for Carrying/Storing Hydrogen

Invited Talk 11
13:45 – 14:15 (GMT+3)

Zafer Ure
Managing Director, Phase Change Material 
Products Ltd., UK
Thermal Energy Storage Technologies and 
their Global Application Examples

Invited Talk 12
14:15 – 14:45 (GMT+3)

Erkan Oterkus
University of Strathclyde, UK
Fracture Modeling Based on Peridynamic 
Theory

Keynote Talk 9
13:15 – 14:00 (GMT+3)

Olcay Unver
Arizona State University, USA
Pathways to Sustainability in an 
Increasingly Water-Scarce World

Keynote Talk 10
14:00 – 14:45 (GMT+3)

Henrik Lund
Aalborg University, Denmark
Smart Renewable Energy Systems and 
Decarbonisation.
The Danish Target of a 70% Decrease in 
CO2 Emission by 2030

Zoom Link 2
Invited Session 4

Session Chair: Can Ozgur Colpan, Turkey

Zoom Link 1
Keynote Session 5

Session Chair: Meng Ni, China

Tuesday - August 10, 2021

13:15 
14:45
(GMT+3)

(GMT+3)

https://veduboxsystem.zoom.us/j/92798678497?pwd=ejk0MW1kajl4eExqRzR0cGRISjJxQT09
https://veduboxsystem.zoom.us/j/96877702276?pwd=K1J2QldEWmlwYUpCOFNJMGNuUjJIZz09
https://veduboxsystem.zoom.us/j/92798678497?pwd=ejk0MW1kajl4eExqRzR0cGRISjJxQT09
https://veduboxsystem.zoom.us/j/96877702276?pwd=K1J2QldEWmlwYUpCOFNJMGNuUjJIZz09
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Break16:30 - 16:45

Keynote Talk 11
15:00 – 15:45 (GMT+3)

Igor Pioro
Ontario Tech University, Canada
Current Status and Future Developments 
in the Nuclear-power Industry of the World

Keynote Talk 12
15:45 – 16:30 (GMT+3)

Zhu Han
University of Houston, USA
Distributed Deep Reinforcement Learning 
for Renewable Energy

Invited Talk 13
15:30 – 16:00 (GMT+3)

Meng Ni
The Hong Kong Polytechnic University, 
China
New Developments in Zn-Air Batteries for 
Energy Storage

Invited Talk 14
16:00 – 16:30 (GMT+3)

Bahareh Seyedi
United Nations Department of Economic and 
Social Affairs (UNDESA), USA
Achieving Universal Energy Access and 
Net Zero Emissions – A Policy Perspective

#18 “Potential Use of Renewable Energy for 
Rural Electrification in Pakistan by Incorporating 
Blockchain Technology” A. Rana & G. Gróf

#36 “Effect of Auxiliary Acceptors on Quinoline-
Based Dye-Sensitized Solar Cells” B. S. Arslan, 
N. Öztürk, M. Gezgin, Y. Derin, A. Tutar, M. 
Nebioğlu & İ. Şişman

#37 “A New Methodological Approach for the 
Techno-Economic Analysis of Hydroelectric 
Power Plants in Turkey” S. Çelikdemir & M.T. 
Özdemir

#40 “Extreme Winds and Risk Analysis in Turkey 
for Wind Energy Applications” T. Kara, S.E. 
Yakut, O. Tek, M. Peköz, M. Aksakal & A.D. 
Şahin

#77 “Techno-Economic Analysis of Onshore and 
Offshore Wind Power Plants” S. Çelikdemir & 
M.T. Özdemir

#57 “Performance Evaluation of Solar Dryer with 
and without Solar Photovoltaic Heat Extraction 
(PVHE) Duct” S. Monesh, A. Shankar, S. 
Ezhilarasan & S. Tiwari

Zoom Link 3
General Session 6

Renewable Energy – II

Session Chair: Ramazan Solmaz, Turkey

Zoom Link 2
Invited Session 5

Session Chair: Olcay Unver, USA

Zoom Link 1
Keynote Session 6

Session Chair: Selda Oterkus,  UK

15:00 
16:30
(GMT+3)

Tuesday - August 10, 2021

(GMT+3)

Tuesday - August 10, 2021

Keynote Talk 13
16:45 – 17:30 (GMT+3)
Mohammad Shahidehpour
Illinois Institute of Technology, USA
Optimal Expansion and Operation Planning 
of Microgrids using a Two-Stage Data 
Clustering Strategy

Keynote Talk 14
17:30 – 18:15 (GMT+3)
Roland N. Horne
Stanford University, USA
Global Geothermal Outlook and Sustainable 
Development 2021

Keynote Talk 15
18:15 – 19:00 (GMT+3)
Arumugam Manthiram
The University of Texas at Austin, USA
Sustainable Battery Chemistries for 
E-Mobility and Renewable Energy Storage

Invited Talk 15
16:45 – 17:15 (GMT+3)
Salih Saner
Near East University, TRNC
Geological and Geopolitical Controls on 
the Hydrocarbon Search in the Eastern 
Mediterranean Basin

Invited Talk 16
17:15 – 17:45 (GMT+3)
Ibrahim Çemen
University of Alabama, USA
Quantitative Natural Fracture Analysis in 
unconventional gas-shale reservoirs: An 
example from Woodford Shale in Oklahoma, 
USA

Invited Talk 17
17:45 – 18:15 (GMT+3)
Birol Dindoruk
University of Houston, USA
Data Mining/Machine Learning in the Oil 
and Gas Sector: Applications in the Area of 
Petroleum Engineering

#81 “The Lightweight Deep Learning Model for 
Smart Grid Stability Prediction” F. Ucar

#48 “A Smart Monitoring and Protection System 
Design Using Visible Light Communication for Grid 
Integration of Microgrids” M. Das, M. Sonmez & G. 
Bayrak

#27 “A Supervised Learning-Based Method Using 
a Modified Voting Algorithm for Classification of 
Complex Power Quality Disturbances in a Hydrogen 
Energy-Based Microgrid” A. Küçüker, A. Yılmaz & 
G. Bayrak

#6 “Nature-Inspired Two-Layer Optimizations for 
Interconnected Heat and Power Multi-Microgrids” P. 
Fracas, E. Zondervan, M. Franke & K.V. Camarda

#78 “Adaptive Control Technique for Grid Integrated 
SPV Generating System for Power Quality 
Enrichment” D. Prasad, N. Kumar & R. Sharma

#84 “Bid Optimization in Electricity Markets” E. 
Polat, M.G. Güler & M.Y. Ulukuş

Zoom Link 3
General Session 7

Microgrids & Smart Grids 

Session Chair: Sertac Bayhan, Qatar

Zoom Link 2
Invited Session 6

Session Chair: Samil Sen, Turkey

Zoom Link 1
Keynote Session 7

Session Chair: Alper Baba, Turkey

16:45 
19:00
(GMT+3)

https://veduboxsystem.zoom.us/j/92798678497?pwd=ejk0MW1kajl4eExqRzR0cGRISjJxQT09
https://veduboxsystem.zoom.us/j/96877702276?pwd=K1J2QldEWmlwYUpCOFNJMGNuUjJIZz09
https://veduboxsystem.zoom.us/j/92437250506?pwd=UXoyblF3SklKdVlxanAyZzhTK1dFZz09
https://veduboxsystem.zoom.us/j/92798678497?pwd=ejk0MW1kajl4eExqRzR0cGRISjJxQT09
https://veduboxsystem.zoom.us/j/96877702276?pwd=K1J2QldEWmlwYUpCOFNJMGNuUjJIZz09
https://veduboxsystem.zoom.us/j/92437250506?pwd=UXoyblF3SklKdVlxanAyZzhTK1dFZz09
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Break10:30 - 10:45

Wednesday - August 11, 2021

Keynote Talk 16
09:00 – 09:45 (GMT+3)
Seeram Ramakrishna
National University of Singapore, Singapore
Build Back Better Materials World to Deal with 
the Existential Threats to Humanity – Reimagine 
Materials

Keynote Talk 17
09:45 – 10:30 (GMT+3)
Andrea “Andy” Blair
President of International Geothermal Association 
(IGA), New Zealand
Global Geothermal Movements: What’s Happening 
in the World of Geothermal, Current Focus, Latest 
Thinking, and Global Trends

#79 “State-of-Art Green Cryptocurrency Mining 
Models” N. Gure

#44 “Capital-Energy Substitution in Turkish 
Manufacturing Firms: Role of Firm Size” P. Sezer

#121 “Design and Testing of an IoT Based 
Carbon Monoxide Monitoring UAV: Methodology, 
Challenges, Opportunities” E. Ozbek, O. Aras, O. 
Kucukkor, S. Ekici & T.H. Karakoc

#98 “Experimental Investigation of a Vapor 
Compression Refrigeration System for Thermal 
Management” F. Coskun & M.F. Serincan

#28 “Biocomposite and Polymeric Materials in 
Radiation Shielding Applications: A Review” E. 
Demir, Z. Candan & M.N. Mirzayev

#15 “Comparative Evaluation of Oil-In-Water 
Emulsion Separation with Aluminum Oxide & 
Zinc Oxide Nanoparticles Ceramic Membrane” F. 
Aisueni, I. Hashim, E. Ogoun & E. Gobina

#16 “Investigation of Buildings with Optimum 
Insulation Thickness Depending on Different 
External Wall Types and Insulation Materials in 
Terms of Mold and Moisture Risk” O Kon & I. 
Caner

#59 “Energy Consumption for Silage Maize 
Production in Kocaeli Province of Turkey” H.H. 
Ozturk & H. Goker

#58 “Estimation of Crude Oil Production in Turkey 
Via Holt-Winters Method” E. Guler & S. Yerel 
Kandemir

#47 “Investigation of LSTM for Energy Demand 
Response Applications” M Güler & D.B. Unsal

#76 “An On-Board Energy and Environmental 
Analysis within the Covid-19 Effects” A. Sarı, E. 
Sulukan, D. Özkan & T.S. Uyar

#70 “Precasted Timber-Concrete Composite as a 
Component of Sustainable Construction” P. Mika, 
S. Kuc & Ł. Wesołowski

Zoom Link 3
General Session 9

Energy Conversion & Management – I

Session Chair: Pouria Ahmadi, USA

Zoom Link 2
General Session 8

Green Energy 

Session Chair: Azize Ayol, Turkey

Zoom Link 1
Keynote Session 8

Session Chair: Hatice Eser Okten, Turkey

09:00 
10:30
(GMT+3)

(GMT+3)

Wednesday - August 11, 2021

Zoom Link 1
Keynote Session 9

Session Chair: Orhan Cakir, Turkey

Keynote Talk 18
10:45 – 11:30 (GMT+3)
Qingyan (Yan) Chen
Purdue University, USA
Energy Use in Buildings: Past, Present, and 
Future

Keynote Talk 19
11:30 – 12:15 (GMT+3)
Onur Mutlu
ETH Zurich, Switzerland
Intelligent Architectures for Intelligent 
Machines

10:45 
12:15
(GMT+3)

Break12:15 - 13:15 (GMT+3)

#72 “Performance Analysis of Double Slope Passive 
and Active Solar Still for Indian Climatic Condition” 
T.A.S.S. Krishna, S. Tiwari, R. Sharma & D.B. Singh

#75 “Comparative Analysis of Solar Energy-Based 
Water Purification Systems Based on Various 
Designs” N. Kumar, V.K. Dwivedi & D.B. Singh

#60 “Solar Energy use for Drip Irrigation of Maize 
Production in Harran Plain of Turkey” H.H. Ozturk & 
H.K. Kucukerdem

#86 “Experimental Investigation and Theoretical 
Model of R718/LiBr Bubble Pump Operated 
Absorption Refrigeration Machine” N. Ben Ezzine, R. 
Garma, M. Chatti & A. Bellagi

#43 “Assessment of the Floating Photovoltaic (FPV) 
Systems Build in Extreme Weather Locations and 
Comparison with Terrestrial System” M.K. Kaymak 
& A.D. Şahin

#74 “Effect of Water Depth on Efficiencies and 
Productivity of N-Alike Evacuated Tubular Solar 
Collectors Coupled to Solar Still of Single Slope 
Type by Incorporating Exergy” D. B. Singh, R.K. 
Yadav, Y. Chaturvedi, G.K. Sharma, S.K. Sharma & 
N. Kumar

Zoom Link 2
General Session 10

Solar Energy

Session Chair: Ankica Kovać, Croatia

#83 “Hydrogen Energy Utilization – A Review” E. 
Akiskalioğlu

#88 “New Enhanced Design of Hydrogen-Based 
Thermally Driven R717 Absorption Refrigeration 
System” N. Ben Ezzine, M. Chatti, R. Garma & A. 
Bellagi

#94 “Development of Solar-Driven and Hydrogen 
Integrated Charging Station for Electric Vehicles” D. 
Erdemir & I. Dincer

#56 “Location Selection of the Hydrogen Refueling 
Stations: An Istanbul Case” E. Geçici, M.G. Güler 
& T. Bilgiç

#119 “Teaching Fuel Cell and Hydrogen Science and 
Engineering Across Europe” I. Iordache

#124 “Experimental Studies to Improve the 
Performance, Emission and Combustion 
Characteristics of Sweet Almond Oil Fuelled CI 
Engine Using Hydrogen Injection in PCCI Mode” 
V.E. Geo, S. Thiyagarajan & A. Sonthalia

Zoom Link 3
General Session 11

Hydrogen Energy Technologies – II

Session Chair: Ehsan Baniasadi, Iran

https://veduboxsystem.zoom.us/j/96644789163?pwd=ek5QVWduSVBLRUhjSkNMZk5hR3NEZz09
https://veduboxsystem.zoom.us/j/92948769757?pwd=NUpQaXVtT2txTnAvTmdzNlp4YWkvZz09
https://veduboxsystem.zoom.us/j/98705188804?pwd=SVVqaG45N29GSXEvSXVuYW4zSllGZz09
https://veduboxsystem.zoom.us/j/96644789163?pwd=ek5QVWduSVBLRUhjSkNMZk5hR3NEZz09
https://veduboxsystem.zoom.us/j/92948769757?pwd=NUpQaXVtT2txTnAvTmdzNlp4YWkvZz09
https://veduboxsystem.zoom.us/j/98705188804?pwd=SVVqaG45N29GSXEvSXVuYW4zSllGZz09
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Break14:45 - 15:00

#73 “A Sensitivity Study of N-Alike Partly Enclosed 
with Photovoltaic Thermal Compound Parabolic 
Concentrators Having Series Connection” R.V. 
Patel, R.K. Sharma, S. Tiwari, A. Raturi, D.B. Singh 
& N. Kumar 

#22 “Analysis of Roof Thermal Performance with 
Innovative Technology” N. Alchapar & E. Correa

#26 “Causal Investigation of Energy Storage 
Technology Criteria by Applying a Novel Integrated 
Decision-Making Methodology” A. Karasan & I. 
Kaya

#35 “Hot Air Drying of Spherical Moist Objects in 
a 3D Rectangular Channel” S. Özcan Çoban, F. 
Selimefendigil & H.F. Öztop 

#117 “Design and Modeling of a Multigeneration 
System Driven by Waste Heat of a Marine Diesel 
Engine” M.E. Demir & F. Çıtakoğlu

#131 “Exergetic Analysis of a New Hybrid Vehicle 
Operating with Carbon-Free Fuels” M. Ezzat & I. 
Dincer

Zoom Link 3
General Session 12

Modeling & Simulation – I

Session Chair: Adnan Midilli, Turkey

Invited Talk 18
13:15 – 13:45 (GMT+3)
Ali Kindap
Zorlu Energy & Geothermal Energy Association, Turkey
Geothermal Energy in Turkey

Invited Talk 19
13:45 – 14:15 (GMT+3)
Alper Baba
Izmir Institute of Technology, Turkey
Importance of the Geothermal Resources and Its 
Innovative Properties: A Case Study: Turkey

Invited Talk 20
14:15 – 14:45 (GMT+3)
Arthur Weeber
TNO and Delft University of Technology, Netherlands
Trends and Future Aspects of PV Technology and 
its Applications

Zoom Link 2
Invited Session 7

Session Chair: Safa’a Riad, Egypt

Keynote Talk 20
13:15 – 14:00 (GMT+3)
Bruce Rittmann
Arizona State University, USA
Moving from Treatment to Resource

Keynote Talk 21
14:00 – 14:45 (GMT+3)
Mohamed-Slim Alouini
King Abdullah University of Sciences and 
Technology (KAUST), Saudi Arabia
Towards Sustainable and Environment-Aware 
Wireless Networks

Zoom Link 1
Keynote Session 10

Session Chair: Erkan Oterkus, UK

Wednesday - August 11, 2021

13:15 
14:45
(GMT+3)

(GMT+3)

Break16:30 - 16:45

#41 “Nanocellulose in Energy Applications: Current 
Status and Future Prospect” M. Yildirim & Z. Candan

#46 “Detection of Temperature Elevations in Encased 
Smartphones Due to Multitask Processes” C. Ndubisi 
& H. Njoku

#55 “Iron Oxide-Based Photocatalysts for Hydrogen 
Production and Dye Degradation Under Natural 
Sunlight” V. Preethi, S. Ananth, P.S. Chandana, M.G. 
Krishna & S.L. Subramanyam

#91 “A Structure Property Issue in Organic Solid-
Solid Phase Change Materials: 1,3-Bisstearoylurea 
and 1,1,3,3-Tetrastearoylurea for Potential Solar 
Applications” N. Gökşen Tosun, A. Çetin & C. Alkan

#99 “Interfacial Thermal Resistance Between Water 
and Metals Using Molecular Dynamics Simulation” 
M.M. Aksoy & Y. Bayazıtoğlu

#100 “Thermal Conductivity of Copper-Single Walled 
Carbon Nanotube Using Non-Equilibrium Molecular 
Dynamics” K. Toprak & Y. Bayazıtoğlu

Zoom Link 3
General Session 14
Energy Materials,

Session Chair: Nader Javani, Turkey

#127 “Comparative Sustainability Investigation of 
Hydrogen Production Methods” C. Acar

#10 “Testing Membranes for Separation of 
CO2 From Small Molecules in Landfill Gas” P. 
Ogunlude, O. Abunumah, F. Muhammad-Sukki & 
E. Gobina

#128 “Hydrogen Refuelling Stations: State of the 
Art and Perspectives” D. Marciuš, A. Kovač & M. 
Paranos

#111 “Thermodynamic Assessment of a Power 
to Methane System Under Real-World Scenario” 
A.C. Ince, D. Saygan Temel, C.O. Colpan, A. 
Keleş, & M.F. Serincan 

#87 “Suitability of Siderite as Oxygen Carrier in 
Chemical Looping Combustion” M. Durmaz, N. 
Dilmaç & Ö.F. Dilmaç

#125 “Improvement of Terminal Buildings’ 
Environmental Performance by Renewable 
Energy” A. Dalkıran, O. Balli, M.Z. Söğüt & T.H. 
Karakoç

Zoom Link 2
General Session 13

Sustainable Development - II 

Session Chair: Tahir A.H. Ratlamwala, Pakistan

Keynote Talk 22
15:00 – 15:45 (GMT+3)
Amar K. Mohanty
University of Guelph, Canada
Improved Utilization of Co-Products from 
Biofuel Industries in New Industrial Uses for 
a Sustainable Biorefinery

Keynote Talk 23
15:45 – 16:30 (GMT+3)
Victor C.M. Leung
The University of British Columbia, Canada
AIoT as a Service – Framework, 
Opportunities, and Challenges

Zoom Link 1
Keynote Session 11

Session Chair: Arthur Weeber,  Netherlands

Wednesday - August 11, 2021

15:00 
16:30
(GMT+3)

(GMT+3)

https://veduboxsystem.zoom.us/j/96644789163?pwd=ek5QVWduSVBLRUhjSkNMZk5hR3NEZz09
https://veduboxsystem.zoom.us/j/92948769757?pwd=NUpQaXVtT2txTnAvTmdzNlp4YWkvZz09
https://veduboxsystem.zoom.us/j/98705188804?pwd=SVVqaG45N29GSXEvSXVuYW4zSllGZz09
https://veduboxsystem.zoom.us/j/96644789163?pwd=ek5QVWduSVBLRUhjSkNMZk5hR3NEZz09
https://veduboxsystem.zoom.us/j/92948769757?pwd=NUpQaXVtT2txTnAvTmdzNlp4YWkvZz09
https://veduboxsystem.zoom.us/j/98705188804?pwd=SVVqaG45N29GSXEvSXVuYW4zSllGZz09
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16:45 
18:15
(GMT+3)

#17 “Experimental Study of Red Pine Biocoal and 
Soma Lignite Blends in a Circulating Fluidised Bed 
Under Oxy-Fuel Combustion” B. Keivani, H. Olgun & 
A.T. Atimtay

#114 “Development of Environmental Sustainability 
Indicators Based on the Efficiency of Integrated 
Buildings” M.Z. Sogut

#106 “Thermo-Environmental Performance 
Assessments of a Medium-Scale Aero Turbojet 
Engine” H.Y. Akdeniz, O. Balli & H. Caliskan

#104 “Effects of Design Variables on Exergy and 
Environmental Parameters of Commercial Turbofan 
Engine” H. Aygun, M.R. Sheikhi & H. Caliskan

#110 “A Methodology for Thermodynamic 
Performance Comparison of the Crop Production” 
M.T. Balta

#14 “Cost Description and Characterisation of Gas 
Enhanced Oil Recovery Processes” O. Abunumah, P. 
Ogunlude & E. Gobin

Keynote Talk 24
16:45 – 17:30 (GMT+3)
Li Shi
The University of Texas at Austin, USA
Atomic-Scale Phonon Band Engineering of 
Semiconductors

Keynote Talk 25
17:30 – 18:15 (GMT+3)
Mochammad Hadid Subki
International Atomic Energy Agency (IAEA), Austria 
Advances on Small Modular Nuclear Reactor 
Technology Developments

Wednesday - August 11, 2021

Zoom Link 3
General Session 15

Energy & Environment – II,

Session Chair: Farrukh Khalid, Turkey

Zoom Link 1
Keynote Session 12

Session Chair: Can Ozgur Colpan,  Turkey

Invited Talk 21
17:15 – 17:45 (GMT+3)
Sandro Nižetić
University of Split, Croatia
Photovoltaic Thermal Collectors with 
Incorporated Phase Change Materials: 
Analysis of Design Approaches

Invited Talk 22
17:45 – 18:15 (GMT+3)
David G. Whitten
The University of New Mexico, USA
Novel, Light-Activated Antimicrobials for 
Elimination of Viral Pathogens

Zoom Link 2
Invited Session 8

Session Chair: Nuri Azbar, Turkey

Break10:30 - 10:45

#101 “Development and Analysis of a Novel 
Greenhouse Roof for Reduced Cooling Load in Hot 
Climates” Y. Bicer, M.U. Sajid & M. Al-Breiki

#102 “Development and Validation of a Dynamic 
Thermal Model for a Water Wall Integrated Indoor” 
N. Altunacar, I. Şener, Y. Yaman, B. Budakoğlu, E. 
Topkara, A. Esmer, M.A. Ezan, A. Tokuç, G. Köktürk 
& I. Deniz

#103 “Analysis of Optimum Flow Rate of a 
Photovoltaic Thermal System (PVT) Integrated with 
Phase Change Materials (PCM)” C. Kandilli & B. 
Mertoglu

#61 “Exergy Analysis of a Steam Power Plant at Full 
and Partial Load Conditions” U.G.  Azubuike, H.O. 
Njoku & O.V. Ekechukwu

#130 “Technological Assessment of a Solar PV 
Collector for Freshwater, Cooling, and Electricity” F. 
Khalid

#68 “Mathematical Modelling of Adsorption Isotherms 
for Porous Bed with Axial Dispersion Model” M. 
Sidhareddy & S. Tiwari

Zoom Link 3
General Session 17

Modeling & Simulation – II 

Session Chair: Hasan Ozcan, UK

#113 “Assessment of Operational Control 
Strategies on Energy Efficiency and Management 
of Production Processes” M.Z. Sogut & T.H. 
Karakoc

#118 “An Urban Green Energy Strategy 
Proposals for Local Governments” M.O. Balta

#33 “Methylene Blue Adsorption on Biochar 
Prepared from Pumpkin Shell” D. Bala, Ç. Özer & 
M. İmamoğlu

#85 “Production Scheduling of a Natural Gas 
Power Plant” M.G. Güler, E. Geçici & S.B. 
Gündüz

#115 “Experimental Air-Cooled Battery Thermal 
Management Approach” B. Tarhan, O. Yetik & 
T.H. Karakoc

#13 “The Effect of Pressure and Porous Media 
Structural Parameters Coupling on Gas Apparent 
Viscosity” O. Abunumah, P. Ogunlude & E. 
Gobina

Zoom Link 2
General Session 16

Energy Management & Strategies 

Session Chair: Emrah Biyik, Turkey

Keynote Talk 26
09:00 – 09:45 (GMT+3)
Lidia Morawska
Queensland University of Technology (QUT), 
Australia
Air Pollution and Energy: “this discussion is 
closed”!

Keynote Talk 27
09:45 – 10:30 (GMT+3)
Keith Bell
UK Energy Research Centre & University of 
Strathclyde, UK
Powering Past Fossil Fuels: Electricity and 
Net-Zero Greenhouse Gas Emissions

Zoom Link 1

Keynote Session 13

Session Chair: Sandro Nižetić,  Croatia

09:00 
10:30
(GMT+3)

Thursday - August 12, 2021

(GMT+3)

https://veduboxsystem.zoom.us/j/96644789163?pwd=ek5QVWduSVBLRUhjSkNMZk5hR3NEZz09
https://veduboxsystem.zoom.us/j/92948769757?pwd=NUpQaXVtT2txTnAvTmdzNlp4YWkvZz09
https://veduboxsystem.zoom.us/j/98705188804?pwd=SVVqaG45N29GSXEvSXVuYW4zSllGZz09
https://veduboxsystem.zoom.us/j/97639947642?pwd=M0JTd0NFYWFvdE9IYVlvSzYvam05dz09
https://veduboxsystem.zoom.us/j/99770566839?pwd=ZWJoQWhlYTN3dVEyZXA3NVc4ZmtEdz09
https://veduboxsystem.zoom.us/j/91252075556?pwd=RWxUTkxFZFp5RXJ5bEQ5R056bTEzdz09
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10:45 
12:15
(GMT+3)

#138 “0-D Parallel Circuit Modeling of Solid Oxide 
Fuel Cell” A. Erdogan, A.C. Ince & C.O. Colpan

#139 “Performance of Solar Assisted Dual Source 
Heat Pump” K. Kaygusuz, Ö. Kaygusuz & T. Ayhan

#140 “Capric and Myristic Acid Mixture with Gypsum 
Wallboard for Latent Heat Energy Storage” K. 
Kaygusuz & A. Sari

#105 “Asymmetric and Symmetric Coin Cell 
Supercapacitors by Deposition of Graphene for 
Energy Storage Applications” O. Yargi, M. Ozmen, S. 
Buyuk Pehlivan & A. Gelir

#93 “Microencapsulation of Three-Component 
Thermochromic Systems (Fluoran Dye-
Phenolphthalein-N-Tetradecanol) in Poly (Methyl 
Methacrylate)” C. Alkan, S. Ozkayalar, S. Demirbağ 
Genç, M.S. Tözüm & S. Alay Aksoy

#96 “Climate Impact of Blockchain in the View of 
Cryptocurrencies” N. Gure

#137 “A Policy on Renewable Hydrogen Ecosystem in 
Turkey” A. Midilli

#31 “Development and Characterization of UV-Curing 
Coatings Containing Active Carbon” M. Zor, F. Şen, B. 
Oran & Z. Candan

#133 “Modelling and Simulation of Molten Carbonate 
Fuel Cell and Copper-Chlorine Cycle Based Power 
Generation System with The Incorporation of PID 
Controller” H. Kamran, U. Mudassir, A.M. Ali, M.A. Raza, 
K. Khan, K. Kamal & T.A.H. Ratlamwala

#54 “Techno-Economic and Environmental Impact 
Assessments of Trigeneration Systems with Various 
Fuels” F. Sorgulu & I. Dincer

#134 “Artificial Intelligence Based Prediction of Outputs 
of Geothermal Energy Based Multigeneration System” 
Q.N. Haider, S.M. Ali, K. Kamal & T.A.H. Ratlamwala

Thursday - August 12, 2021

Zoom Link 3
General Session 20

Energy & Environment – II 

Session Chair: Ayca Tokuc, Turkey

Zoom Link 1
General Session 18

Energy Conversion & Management – II,

Session Chair: Yusuf Bicer, Qatar

#122 “Green Hydrogen Production Potential in 
Turkey with Wind Power” I. Dincer, N. Javani & G.K. 
Karayel

#123 “Blue H2 Generation by Steam Reforming of 
Synthetic Biogas in a Membrane Reactor Packed with 
a Novel Ruthenium-Nickel Catalyst” A. Iulianelli, C. 
Italiano, M. Manisco, A. Brunetti, A. Figoli, G. Drago 
Ferrante, L. Pino & A. Vita

#95 “A Photoelectrochemical Reactor for Ion 
Separation and Hydrogen Production” M.I. Aydin, H. 
Selcuk & I. Dincer

#50 “Solar and Sonolysis Assisted Hydrogen Recovery 
from Industrial Sulphide Wastewater using CNT-ZnS/
Fe2O3” P. Vijayarengan, S. Maurya & S. Manoharan

#109 “Coupled Thermal-Electrochemical Analysis 
of Polymer Electrolyte Membrane Electrolyser” F.M. 
Nafchi, E. Afshari & E. Baniasadi

#108 “Exergetic Optimization of a Combined Solar 
Power Plant and Hydrogen Production System with 
Nano-Fluid and Energy Storage System” M. Shirazi, E. 
Baniasadi, E. Afshari & N. Javani

#136 “Multi-Objective Optimization of a Multistage 
Vapor Compression Refrigeration Cycle” A. Ustaoglu, B. 
Kursuncu, A.M. Kaya & H. Caliskan

Zoom Link 2
General Session 19

Hydrogen Energy Technologies - III 

Session Chair: Canan Acar, Netherlands

Break12:15  - 13:15 (GMT+3)

Invited Talk 23
11:00 – 11:30 (GMT+3)

Arif Günyar
Managing Director ENERCON, Turkey
The Future of Wind Energy Sector

Thursday - August 12, 2021 - Zoom Link

13:15 
15:15
(GMT+3)

Closing Ceremony15:15  - 15:30

Panel Discussion Session 3: Status and Perspectives of Photovoltaic Technologies:  Global and Local Approaches

Moderator: Rasit Turan, Turkey

Panel Speakers

Shravan Kumar Chunduri, Head of Technology at TaiyangNews UG

Dr. Fırat Es, Head of the R&D Department, Kalyon PV, Turkey

Dr. Paul Ni, Vice President and CTO of Talesun Solar.

Dr. Hariharsudan Sivaramakrishnan, IMEC, Belgium

(GMT+3)

Prof. Dr. İbrahim Dinçer / Chairman
Prof. Dr. Mehmet Hakkı Alma

Prof. Dr. Erol Arcaklıoğlu
Prof. Dr. Yıldız Bayazıtoğlu

Prof. Dr. Arif Hepbaşlı
Prof. Dr. Sadık Kakaç

Prof. Dr. Kamil Kaygusuz
Prof. Dr. Adnan Midilli
Prof. Dr. Murat Öztürk
Prof. Dr. Niyazi Serdar Sarıçiftçi
Prof. Dr. Bahri Şahin
Prof. Dr. Raşit Turan

TÜBA – Energy Working Group Members

https://veduboxsystem.zoom.us/j/97639947642?pwd=M0JTd0NFYWFvdE9IYVlvSzYvam05dz09
https://veduboxsystem.zoom.us/j/99770566839?pwd=ZWJoQWhlYTN3dVEyZXA3NVc4ZmtEdz09
https://veduboxsystem.zoom.us/j/91252075556?pwd=RWxUTkxFZFp5RXJ5bEQ5R056bTEzdz09
https://veduboxsystem.zoom.us/j/97639947642?pwd=M0JTd0NFYWFvdE9IYVlvSzYvam05dz09
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Plenary SpeakersPlenary Speakers
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The traditional use of bioenergy for cooking and heating provides the main 
source of energy for 3 Billion people at a high cost. It is extremely inefficient, 

contributes significantly to deforestation with all its negative consequences 
und exposes women and children to high levels of air pollution that cause 
over 4 million premature deaths every year. 

Transitioning away from the traditional use of firewood or charcoal to 
modern forms of bioenergy has been identified as a key sustainable 

development goal and also as a precondition to achieve Net zero emissions 
by 2050 in a recent report of the International Energy Agency.

Three steps are necessary for this transition: progressing from unprocessed biomass to dry 
homogenous densified biomass fuels by pelletization or briquetting, transitioning from wood 
harvested for energy as raw material to residues of agriculture and applying the most advanced 
technology for the combustion of biomass – the gasification process.

The presentation will show technologies that are available today for advanced biomass cooking 
and discuss the economics of this transition. While fossil fuels such as LPG are often regarded 
as the best solution for clean cooking it can be shown, that the energy costs of bottled LPG are 
more than twice as high as for biomass pellets. 

The most important barrier for modern gasification cookstoves is the capital investment. These 
stoves cost between 50-100$, which might seem a small investment. For poor households it 
is a lot. Growing voluntary markets for carbon emission certificates raise the hope, that these 
markets could provide the capital needed for a swift transition away from traditional bioenergy 
use.

DR.CHRISTIAN RAKOS

Transforming Bioenergy Use in the Developing World – A Key Target for 
Sustainable Development and Net Zero Carbon Emissions
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“Climate change is the defining issue of our time and, we are at a defining 
moment” was the opening statement of the United Nations Secretary General 

Antonio Guterres at the September 2018 General Assembly. Today, we fully 
recognize that climate change is one of the most pressing global issues 
facing the world. As the scientific understanding of human influence on 
the climate system is continually refined and the impacts become more 
apparent, action is catalyzing across all scales. We also recognize the ever-

growing need for more energy for the growing population of the world as 
well as satisfying the needs of many sectors including industry, transportation, 

agriculture, etc. This presentation provides a realistic analysis of the most up to 
date energy supply and demand picture and projections for the next decade. The current status 
of renewable energy capacity and potential of growth technologies will be incorporated into the 
possibility of carbon neutrality for many nations by 2050. To reach this goal, institutions and, 
more broadly, nations will need to align foundational directions that increase priority, improve 
transparency, provide financial support, and build capacity. These require action along several 
distinct carbon reduction pathways including efficiency improvement and reduction in energy 
consumption. Finally, the role of higher education institutions will be discussed to provide short and 
long term perspectives on the convergence of education, research and practice and how they align 
with institutional policy and systems toward the carbonneutral goal.  

PROF. DR. FERIDUN HAMDULLAHPUR

An Overview of the Role of Universities on Energy and Sustainability
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What are the types of injustices associated with low-carbon transitions?  
Relatedly, in what ways do low-carbon transitions worsen social risks or 

vulnerabilities?   Lastly, what policies might be deployed to make these 
transitions more just?  The presentation answers these questions by 
first elaborating an “energy justice” framework consisting of four distinct 
dimensions—distributive justice (costs and benefits), procedural justice 
(due process), cosmopolitan justice (global externalities), and recognition 

justice (vulnerable groups). It then examines four European low-carbon 
transitions—nuclear power in France, smart meters in Great Britain, electric 

vehicles in Norway, and solar energy in Germany—through this critical justice lens. 
In doing so, it draws from original data collected from 64 semi-structured interviews with expert 
participants as well as five public focus groups and the monitoring of twelve internet forums.  It 
documents 120 distinct energy injustices across these four transitions.  It then explores two 
exceedingly vulnerable groups to European low-carbon transitions, those recycling electronic 
waste flows in Ghana, and those mining for cobalt in the Democratic Republic of the Congo. The 
presentation aims to show how when low-carbon transitions unfold, deeper injustices related to 
equity, distribution, and fairness invariably arise.

PROF. DR. BENJAMIN K. SOVACOOL

Decarbonisation and Its Discontents: A Critical Justice Perspective on Four 
Low-Carbon Transitions
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University of Sussex, UK

PROF. DR. RICHARD S. J. TOL

The Economic Impact of Climate and Weather

I propose a new conceptual framework to disentangle the impacts of weather 
and climate on economic activity and growth: A stochastic frontier model 
with climate in the production frontier and weather shocks as a source of 
inefficiency. I test it on a sample of 160 countries over the period 1950-
2014. Temperature and rainfall determine production possibilities in both 
rich and poor countries; positively in cold countries and negatively in hot 

ones. Weather anomalies reduce inefficiency in rich countries but increase 
inefficiency in poor and hot countries; and more so in countries with low 

weather variability. The climate effect is larger than the weather effect.
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University of Zagreb, Croatia

Decarbonisation of Energy Systems with Variable Renewables

PROF. DR. SC. NEVEN DUIĆ

Transition to decarbonised energy systems is becoming more attractive with 
fall of investment costs of variable renewables and volatile prices and 

political insecurity of fossil fuels. The renewable energy resources are 
bountiful, especially wind and solar, while integrating them into current 
energy systems is proving to be a challenge. Solar has reached cost 
parity making it cheapest electricity source for retail customers in most of 
the World, creating new prosumer markets. The limit of cheap and easy 

integration for wind is 20% of yearly electricity generation, while a combined 
wind and solar may reach 30%. Going any further asks for implementation of 

really free energy markets (involving day ahead, intraday and various reserve and 
ancillary services markets), demand response, coupling of wholesale and retail energy prices, 
and it involves integration between electricity, heating and cooling, water and transport systems. 
The cheapest and simplest way of increasing further the penetration of renewables is integrating 
power and heating/cooling systems through the use of district heating and cooling (which may 
be centrally controlled and may have significant heat/cold storage capacity), since power to heat/
cold technologies are excellent for demand response. Electrification of light road transport allows 
not only for significant increase of energy efficiency, but also, electric cars due to low daily use 
may be excellent for demand response and even as storage, through smart charging and vehicle 
to grid technology. Buildings and cities will become important with their high potential for demand 
response implemented through smart retail markets. That will allow reaching 80% renewable 
in energy system, but the remaining 20% may be more of an uphill battle without technology 
breakthrough. Long haul road transport may be driving on electrified roads, but long-distance 
aviation and maritime transport, as well as some high temperature industrial processes, cannot 
yet be easily electrified. Biomass, if not used for producing electricity and heat, may cover half 
of those needs, but the rest will have to come from some other technology. Inductive highways, 
innovative high energy density batteries and power to synthetic fuels, or so-called e-fuels, which 
may include hydrogen, are all very hot research issues. 
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Energy Consumption by ICT: Facts, Measurements and Trends

Polish Academy of Sciences, Poland
PROF. DR. SAMI EROL GELENBE

Contrary to our expectations, the energy consumption by ICT is a controversial 
subject where experts of different organizations express divergent 

views. Obviously, experts from the computer industry will tend to vaunt 
the increasing efficiency of digital equipment, while those that are 
concerned with sustainability will stress the projected increase of energy 
consumption by ICT, as well as the increasing use of rare and polluting 
materials for the fabrication of devices and computer chips. ICT is often 

put forward as the means to obtain energy consumption savings, and the 
reduction of CO2 emissions, while ICT has over the last decade substantially 

increased its overall share of electricity consumption, going from 4-5% a decade 
ago, to perhaps 8-10% of total electricity production in the years 2018-2019. Indeed, nowadays 
the manufacturing of ICT devices may represent as much electricity consumption  in one year 
as the total annual electricity consumption to run the devices.  It is also estimated that new 
applications such as Crypto-currencies consume as much electricity as a small but advanced 
country such as the Netherlands. It is also expected that 5G will cause an increase of energy 
consumption by communication networks in the first instance, before the means to reduce this 
consumption are included in later generations of these wireless mobile communication systems. 
One of the basic reasons for the controversies about ICT’s energy consumption is the relative 
paucity  of experimental data. Indeed it is technically possible to globally monitor the energy 
consumption by ICT but would require the industry that provides and operates ICT devices such 
as computers, laptops, mobile devices, network forwarders, routers, wireless base stations and 
IoT devices to take an active role. Thus in our talk we will first present an overview of different 
energy consumption figures by ICT, and then provide a specific example of the manner in which 
power and energy consumption can be measured in current digital equipment. Our presentation 
will then detail some trends and figures, and discuss them in the light of the manner in which 
technology and ICT systems themselves are evolving.
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Over the last century, humanity has produced cheap energy generated 
by burning coal/oil and gas to sustained industry, domestic heating and 

electricity. This has resulted in the energy mix to be still dominated by 
nearly 80% of fossil fuels despite a climate emergency. The world is 
now marching towards a net carbon zero position, with changes urgently 
needed to the world energy mix, all manufacture, including the electronic 
device industry as well as powering devices during its operational lifetime.

The need for novel green energy harvesting and storage materials, with a 
proven record for scaling and manufacture is real and present. In order to be able to deliver 
truly sustainable technology, the design of devices need to be full cradle to grave analysis of 
its carbon credentials. Plastic electronics are ideally suited to produce such devices with some 
of the lowest carbon footprints. This is further extended during the operational modes by being 
able to self-power and use low power operational modes. Within the talk we will examine next 
generation designs for sustainable nanodevices and renewable energy harvesting systems to 
help reduce the impact on the carbon foot-print. This will include energy harvesting systems that 
include plastic photovoltaics (OPV, PSC) and Triboelectric nanogenerators (TENG). Examples 
on the usage of polymers and bio-degradable and/or non-toxic materials to design and fabricate 
nano-devices to contribute towards a net-zero carbon society will be discussed. The Advanced 
Technology Institute (ATI) focus on net-zero carbon themes, by developing flexible, wearable, 
and unobtrusive energy harvesting and nano-storage devices including solar cells, TENGs, and 
supercapacitors, etc., which will be central to future IoT smart technologies. Such nanodevices 
can be utilized to embed in infrastructures for higher quality living.

PROF. DR. RAVI P. SILVA CBE

A Net Zero Carbon World through Innovation in Energy Materials
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Sustainable development is a critically important goal for societal and human 
activity. Energy sustainability is of great importance to any efforts for 

overall sustainable development. This is particularly important given the 
pervasiveness of energy use, its importance in economic development 
and living standards, and the significant impacts that energy processes 
and systems have on the environment. 

Many factors that need to be considered and appropriately addressed in 
moving towards energy sustainability are examined in this talk. These include 

appropriate selection of energy resources bearing in mind sustainability criteria, facilitation of the 
use of sustainable energy resources, enhancement of the efficiency of energy-related processes, 
and a holistic adoption of environmental stewardship in energy activities. 

In addition, other key sustainability measures are addressed, such as economics, equity, land 
use, lifestyle, sociopolitical factors and population. Conclusions are provided related both on 
options for energy sustainability and on means to achieve sustainable development.

PROF. DR. MARC A. ROSEN

Energy Sustainability for Sustainable Development
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Global warming really means global heating, which arises mainly from 
Increasing greenhouse gases in the atmosphere from human activities.  

Carbon dioxide concentrations have increased by 48% mainly from 
burning fossil fuels.  Some heat goes into raising temperatures, often 
referred to as global warming.  Most energy goes elsewhere: warming 
the oceans, melting ice, and evaporating moisture.  93% of the excess 
energy ends up in the ocean as ocean heat content which means the 

ocean expands and sea level rises.  Sea level also rises from melting 
land ice, including ice sheets of Greenland and Antarctica.  However, excess 

energy means more drying, more water vapor in the atmosphere, stronger storms, 
and heavier rains, but where it is not raining, there are more heatwaves and drought, and more 
wildfires.  The climate change effects intersect nonlinearly with weather (natural variability) so 
that effects move around in space and time, and can change from one extreme (heat) to another 
(flooding) very quickly.  Extremes generally worsen, nonlinearly amplifying damages and costs, 
producing “The straw that breaks the camel’s back” syndrome.

PROF. DR. KEVIN TRENBERTH

The Changing Flow of Energy Through the Climate System
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In this talk, I will speak of the TES technology development from the building 
application perspective. Currently two technologies, namely hot/chilled 

water storage and ice storage, have been the dominant ones. In the 
case of chilled-water storage for-air-conditioning application, because 
of the small working temperature range, typically between 7 and 12oC, 
stratification of the storage tank is a norm for its effective operation. 
The general problem with water and ice storage is that the former 

relies on sensible energy, and thus tank is bulky while the phase change 
temperature of the latter is below 0 oC, which is far below the temperature 

needed for air-conditioning applications, and would significantly lower the COP 
of the chiller system in an energy wasteful manner. These two key issues form the two major 
factors that have driven the search for alternatives. In particular phase-change-materials(PCM) 
based thermal storage technology has been the focus. I will speak the recent progresses in 
tackling the overcooling problem- bottle neck of PCM applications. The possible application 
modes in terms of active versus passive applications,  different PCM application forms in PCM/
MPCM, MPCM/water slurry, PCM water emulsions will be discussed; and bulk PCM capsule 
packed-bed, shell and tube PCM designs and their optimization will also be covered.   

PROF. DR. JIANLEI NIU

Progresses in Thermal Energy Storage Research to Reduce the Energy Use 
in Buildings
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Water is an essential resource for all life on our planet and its sustainability 
is under threat due to environmental degradation, increasing demands 

from all sectors, unsustainable practices, and climate change. As it flows 
not only across geographical boundaries but also across social and 
economic sectors, its quality and quantity are impacted by our activities, 
which, in turn, can make it unavailable for our development plans. The 
speaker will review the state of this resource, level of achievement of the 

global commitments, possible pathways towards sectoral goals, and the 
consequences of these pathways.

DR. OLCAY UNVER

Pathways to Sustainability in an Increasingly Water-Scarce World
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This presentation focus on how societies can design and implement renewable 
energy and decarbonisation strategies. The presentation presents and 

discuss a set of methods and criteria to design Smart Energy Systems, 
while taking into account the context of 100% renewable energy on 
a national level. Countries should handle locally what concerns local 
demands, but acknowledge the international context when discussing 
resources and industrial and transport demands. To illustrate the method, 

it is applied to the case of Denmark within the context of a European and a 
global energy system.

Recently, the Danish Government supported by the Danish Parliament decided for the target of 
a 70% decrease in Greenhouse gasses by 2030. This presentation includes a list of theoretical 
and methodological considerations as well as a concrete proposal on how such targets can be 
implemented. It is highlighted that already now one have to think beyond 2030 in order to prepare 
for the next step to achieve a fully decarbonisation by 2040 or 2050. It is also highlighted that 
a country such as Denmark have to consider how to include its share of international shipping 
and aviation as well as how to design a solution with Denmark’s share of sustainable biomass 
resources. 

PROF. DR. HENRIK LUND

Smart Renewable Energy Systems and decarbonisation.
The Danish Target of a 70% decrease in CO2 emission by 2030
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Due to emerging climate change concerns coupled with growing global energy 
demand, eventually the world needs to move towards electricity generation 

with lower carbon emissions including increased use of nuclear power, and 
hydro, wind, geothermal, solar, and tidal sources.  However, only nuclear 
power, is high reliability, and of potentially large installed capacity that can 
operate with high capacity factors (up to 90   100%).  The other sources 
are lower capital cost, but mainly limited by Nature as to lower reliability, 

capacity factors, and location.  It is clear that nuclear power can make a 
significant, indeed vital contribution to the stated political objectives, industrial 

positioning and social goals of becoming “Zero Carbon” or “Carbon Neutral” by 
dates varying from 2030 to 2050.

This paper is a logical continuation of our previous publications on the current status of nuclear-
power industry of the world.  Unfortunately, within last 9 years, electricity generation with nuclear 
power has decreased from 14% before the Fukushima Nuclear Power Plant (NPP) severe 
accident in March of 2011 to about 10%.  However, the last couple of years were very important 
for the world nuclear-power industry, because long-term expected new Generation-III+ nuclear-
power reactors / plants were put into operation in China, Russia, and S. Korea, and more 
reactors are planned to be put into operation in these and other countries such as Bangladesh, 
Belarus’, Finland, India, Turkey, UAE, and USA within next 3 – 4 years.

PROF. DR. IGOR PIORO

Current Status and Future Developments in the Nuclear-power Industry of the 
World
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Nowadays, microgrids (MG) have attracted much attention, as a key 
technology of the Internet of Energy (IoE). A great deal of research have 

shown that the hierarchical microgrid is a more novel structure of IoE. 
Although the hierarchical microgrid model solves the problem of weak 
power scheduling capability across microgrids, it suffers from severe 
communications uncertainty, which can lead to communication delay 
and fluctuation. To obtain the accurate result of the renewable energy 

accommodation assessment capacity, a hierarchical microgrid model 
considering communication uncertainty is investigated. The solution to 

solve the problem of the assessment renewable energy accommodation 
capacity for hierarchical MG is a hybrid control based on distribution deep reinforcement learning. 
The temporal difference (TD) generation adversarial network (TD-GAN) is proposed as a value-
based method. Compared with the policy-based method, it can better solve the distributed 
problem in hybrid control with a generation adversarial network (GAN). Moreover, the challenge 
that the method cannot handle a continuous action space is solved by using a normalized 
advantage function (NAF). The method similar with the TD error method is employed to train the 
GAN network. Simulation results using real power grid data demonstrate the effectiveness and 
accuracy of the proposed method.

PROF. DR. ZHU HAN

Distributed Deep Reinforcement Learning for Renewable Energy
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This presentation offers a two-stage planning model for the optimal expansion 
capacity and operation of renewable power generation and storage devices 

in constrained microgrids. Considering the variable characteristics of 
renewable power generation, we devise a chronological clustering 
algorithm by combining similar-type data for representative operating 
periods (ROPs). In recent years, several data clustering algorithms 
were considered to attain the pertinent ROP data. Some scholars used 

k-means algorithm to extract the representative information from large 
sums of data. Hierarchical clustering (HC) and fuzzy C-means were also 

applied frequently. A modified HC method used the relatively fast k-means 
clustering and then applied the HC method to maintain the advantages of both methods. The 
above algorithms have made valuable discoveries on how to select ROPs. However, there is 
still a critical mandate for exploring suitable data clustering approaches that can capture more 
information with fewer operating points. Our proposed clustering model applies two time series 
with different resolutions for the ROP approximation. The reduced time series (RTS) is applied to 
those planning constraints which do not demonstrate any continuity in time, and the sequence-
preserving time series (STS) is applied to multi-period temporal constraints. The use of time series 
methods preserves spatial and chronological information and correlations among data types. 
They also maintain the requirements for constraints which span over a longer planning horizon, 
as well as finer time resolutions required for a microgrid operation planning. We recognize that 
the operation constraints realized in the planning horizon afford more accurate planning results. 
The metrics and criteria of representativeness are utilized to evaluate the performance of our 
clustering method in terms of the computation time and the accuracy of planning results.

PROF. DR. MOHAMMAD SHAHIDEHPOUR

Optimal Expansion and Operation Planning of Microgrids Using a Two-Stage 
Data Clustering Strategy
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Geothermal energy has undergone a renaissance over the past 15 years, 
as many new technologies and new countries have joined the industry.  

Climate change concerns have focused attention on renewable energy, 
supported by a global ambition to address greenhouse gas reduction.  
Geothermal developments have accelerated in many parts of the world, 
both in countries (such as Turkey, Indonesia, Kenya, New Zealand, 
and the US) that have a traditional interest in “conventional” geothermal 

resources, as well as countries without a historical community in geothermal 
energy (such as France and Germany).  Some new developments have 

followed well-worn paths using conventional hydrothermal resources in volcanic 
regions, while others have struck out in new directions in Enhanced Geothermal System (EGS) 
projects in nonvolcanic regions.  

As an example of the development of traditional, volcanic geothermal resources, the United 
States is the world’s largest producer of geothermal electricity, with an installed capacity of 
3700 MW (in 2020).  In 2020, the state of California generated about 6% of its electricity from 
geothermal sources, while the state of Nevada generated 9%. As another example, Turkey 
increased capacity from 397 MW in 2015 to 1549 MW in 2020.

Technology has allowed for developments of conventional resources with lower temperature, 
restricted water access, and constrained surface utilization.  EGS projects have launched in a 
variety of different directions and places.  The use of innovative hybrid plants, lower resource 
temperatures and enhanced reservoir stimulation has made geothermal energy accessible in a 
much wider variety of places.

PROF. DR. ROLAND N. HORNE

Global Geothermal Outlook and Sustainable Development 2021
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Rapid increase in global energy use and growing environmental concerns 
demand clean, sustainable, alternative energy technologies. Renewable 

energy sources like solar and wind are a promising solution, but efficient 
storage of electricity produced from them is critical as they are intermittent. 
Rechargeable batteries are the viable option for both renewable energy 
storage and electrification of transportation. However, their widespread 
adoption requires optimization of cost, cycle life, safety, energy density, 

power density, and environmental impact, all of which are directly linked 
to severe materials challenges. After providing a brief account of the current 

status, this presentation will focus on the development of sustainable battery 
chemistries and advanced materials for near-term and long-term battery technologies. Particularly, 
lithium- and sodium-based batteries that are free from expensive and scarcely available cobalt 
as well as those based on sulfur will be presented. The challenges of bulk and surface instability 
during charge-discharge cycling, advanced characterization methodologies to develop an in-
depth understanding, and approaches to overcome the challenges will be presented. 

PROF. DR. ARUMUGAM MANTHIRAM

Sustainable Battery Chemistries for E-Mobility and Renewable Energy Storage
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Inspired by the concern for humanity, authors of the 1972 book The Limits 
to Growth professed problems affecting the habitability of planet Earth for 

today’s as well as future generations. Since then they were further refined 
and articulated. More recently, in the form of United Nations seventeen 
Sustainability Development Goals, SDGs. Sustainability is about the 
reduction of greenhouse gas emissions as well as circular solid waste 
management to reduce environmental pollution and waste accumulation 

in nature, to protect human health, to alleviate resources depletion and 
environmental deterioration, to regenerate biodiversity, and to overcome 

rising sea levels and extreme weathers caused by climate change for the well 
being of humans and preserving Earth for the future generations. The climate change articulation 
gained the attention of many people. And yet only a small fraction of humanity, as well as capital 
investors, are prepared to act on the sustainability solutions. Thus, sustainability articulations 
in the name of carbon-neutral economy, low-carbon economy, circular economy, and science-
based sustainability targets with the promise of quality living conditions, jobs, and economic 
growth, are advocated by the governments and captains of industry. There are many facets and 
dimensions to myriad articulations.

Materials are central to humanity’s sustainability efforts. According to recent papers published in 
the Nature journals, about 23% of global emissions can be attributed to materials production, and 
the global human-made mass now exceeds all living biomass of Earth. It is implicit to reimagine 
materials or build back better materials world so as to mitigate the existential threats to humanity 
i.e. environmental degradation and biodiversity loss.

PROF. DR. SEERAM RAMAKRISHNA

Build Back Better Materials World to Deal with the Existential Threats to 
Humanity – Reimagine Materials
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Latest technologies, workstreams and thinking in international geothermal 
markets and how the International Geothermal Association intends to play 
a leadership role. Glean insights into activities, issues and opportunities 
for the geothermal sector and hear commentary on geothermals role in 
the global energy transition.

ANDREA “ANDY” BLAIR

Global Geothermal Movements: What’s Happening in the World of 
Geothermal, Current Focus, Latest Thinking, and Global Trends
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China consumed 22% of the world energy produced and the United States 
16% as the two top world energy consumers. Building heating and cooling 

in China used 18% of its total primary energy while the figure for the 
United States was 13%. This presentation will give an overview of the 
energy used in buildings in the two countries in the recent history. We 
will compare the trend of the energy use due to technology development 
for buildings and improved living standard. Then we will compare the 

strategies in the two countries for reducing energy use in buildings and 
discuss the similarities and differences. A few case studies will be used to 

illustrate the impact of the strategies on energy use in buildings. The presentation 
will also show the barriers in using the strategies and pinpoint to the future directions of energy 
conservations in the two countries.

PROF. DR. QINGYAN (YAN) CHEN

Energy Use in Buildings: Past, Present, and Future 
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Computing is bottlenecked by data. Large amounts of data overwhelm 
storage capability, communication capability, and computation capability 

of the modern machines we design today. As a result, many key 
applications’ performance, efficiency and scalability are bottlenecked 
by data movement. We describe three major shortcomings of modern 
architectures in terms of 1) dealing with data, 2) taking advantage of the 
vast amounts of data, and 3) exploiting different semantic properties of 

application data. We argue that an

intelligent architecture should be designed to handle data well. We show that handling data 
well requires designing system architectures based on three key principles: 1) data-centric, 2) 
data-driven, 3) data-aware. We give several examples for how to exploit each of these principles 
to design a much more efficient and high-performance computing system. We will especially 
discuss recent research that aims to fundamentally reduce memory latency and energy, and 
practically enable computation close to data, with at least two promising novel directions: 1) 
performing computation in memory by exploiting the analog operational properties of memory, 
with low-cost changes, 2) exploiting the logic layer in 3D-stacked memory technology in various 
ways to accelerate important data-intensive applications. We discuss how to enable adoption 
of such fundamentally more intelligent architectures, which we believe are key to efficiency, 
performance, and sustainability. We conclude with some guiding principles for future computing 
architecture and system designs.

PROF. DR. ONUR MUTLU

Intelligent Architectures for Intelligent Machines
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While wastewater treatment has focused on removing water pollutants, many 
of the pollutants are valuable resources if recovered in a useful form.  

This presentation focuses on novel means to capture the energy value 
in “used waters,” including domestic wastewater.  New developments 
in anaerobic membrane biofilm reactors (to generate methane) and 
microbial electrochemical cells (to generate electrical power or hydrogen 
gas) now make it feasible to achieve energy-positive treatment of the 

BOD.  After recovery of the energy from used water, most of the N and 
P are released as inorganic forms that can be recovered for recycle to 

agriculture.  This talk will focus on P recovery, although many of the principle also 
apply for N.  An important take-home lesson is that traditional techniques for “P removal” will not 
work for P recovery.   P-recovery techniques that produce a product useful in agriculture include 
precipitation as struvite or hydroxyapatite and selective sorption to Fe-based sorbents.  This talk 
will introduce the new technologies and offer insights into their pros and cons.

PROF. DR. BRUCE RITTMANN

Moving from Treatment to Resource
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The role of Internet and Communication Technology (ICT) in bringing about 
a revolution in almost all aspects of human life needs no introduction. It 

is indeed a well-known fact that the transmission of the information at a 
rapid pace has transformed all spheres of human life such as economy, 
education, and health to name a few. In this context, and as the 
standardization of the fifth generation (5G) of wireless communication 
systems (WCSs) has been completed, and 5G networks are in their 

early stage of deployment, the research visioning and planning of the 
sixth generation (6G) of WCSs are being initiated. 6G is expected to be the 

next focus in wireless communication and networking and aim to provide new 
superior communication services to meet the future hyper-connectivity demands in the 2030s. 
In addition, keeping in mind that urbanized populations have been the major beneficiary of the 
advances offered by the previous generations of WCSs and motivated by the recently adopted 
united nation sustainability development goals intended to be achieved by the year 2030, 6G 
networks are anticipated to democratize the benefits of ICT and to bring global connectivity in a 
sustainable fashion in order to contribute to developing tomorrow’s digitally inclusive and green 
world. In this context, this talk aims to (i) provide an envisioned picture of 6G, (ii) serve as a 
research guideline in the beyond 5G era, and (iii) go over some of the recently proposed green 
technologies to offer high-speed connectivity not only in urban environments but also in under-
covered areas in order to serve and contribute to the development of far-flung regions.

PROF. DR. MOHAMED-SLIM ALOUINI

Towards Sustainable and Environment-Aware Wireless Networks
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Abstract will be included.

PROF. DR. AMAR K. MOHANTY

Improved Utilization of Co-Products from Biofuel Industries in New Industrial 
Uses for a Sustainable Biorefinery
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With the increasing adoption of Internet of Things (IoT) and rapid advancements 
of Artificial Intelligence (AI) applications, the integration of AI and IoT, 

widely referred as AIoT, is gaining momentum. Realizing AIoT will require 
massive investments in infrastructure, and lessons learned from network 
deployments point to the use of shared hardware and software resources 
that can be virtualized to support various services on demand, resulting 
in AIoT-as-a-Service (AIoTaaS). In this talk, we start with a review of the 

idea of Anything-as-a-Service (XaaS), leading to IoTaaS and AIaaS, which 
form the basis of AIoTaaS. We present a framework for AIoTaaS, which 

incorporates edge and cloud computing platforms to support the AI functionalities 
required for different services. Enabled by cloud and edge computing, AIoTaaS can effectively 
implement machine learning (ML) training and inference functions on cloud and edge devices 
with much less complexity to enable efficient and effective AI decision making in IoT and data 
analytics, especially in the area of streaming data and real-time analytics associated with edge 
computing networks. To implement AIoTaaS, interoperability between components at the device 
level, software level and platform level should be extended while optimizing system and network 
operations as well as extracting value from data. In the future, AIoTaaS integrated with 5G and 
blockchain will be leveraged to achieve more efficient IoT operations, improve human-machine 
interactions, and enhance data management and analytics, creating a foundation for pervasive 
AI services and applications.

PROF. DR. VICTOR C.M. LEUNG

AIoT as a Service – Framework, Opportunities, and Challenges
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As the energy quanta of lattice vibration, phonons control the transport of 
heat, charge, and spin in functional materials and devices. Recent progress 

in first principles theoretical computation has motivated experimental 
manipulation of the atomic basis of the lattice structure to engineer the 
phonon bands and transport properties of semiconductors. In boron 
arsenic (BAs) with a heavy arsenic atom and a light boron atom in the 
basis of the cubic lattice structure, a large gap between the acoustic 

and optical polarizations suppresses three-phonon scattering and makes 
BAs the first known semiconductor with an unusual high lattice thermal 

conductivity. When the number of atoms in the basis is increased to the order of 
100 in higher manganese silicide (HMS) with an incommensurate chimney ladder structure, the 
acoustic phonons are scattered strongly by numerous optical modes including an unusually low-
frequency twisting polarization. Consequently, bulk HMS single crystals exhibit a similarly low 
lattice thermal conductivity as silicon germanium (SiGe) alloy nanowires, where high-frequency 
and low-frequency modes are scattered by lattice and surface disorders. As such, BAs is 
emerging as a next-generation electronic material, whereas HMS is being explored actively for 
solid-state thermoelectric power generation. 

PROF. DR. LI SHI

Atomic Scale Phonon Band Engineering of Semiconductors
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The IAEA Department of Nuclear Energy continues to facilitate efforts of 
Member States in the development and deployment of small modular 

reactors (SMRs) as an option of nuclear power technology, recognizing 
their potential as a viable solution to meet energy supply security, both 
in developing and developed economies. SMRs are advanced reactors 
designed to generate typically up to 300 MWe that may be deployed 
as modules for installation as demand arises. The key driving forces of 

development are fulfilling the need for flexible power generation, replacing 
fossil-fired units, enhancing safety performance, and offering better economic 

affordability. There are more than seventy (70) SMR designs under development 
for different application. The Akademik Lomonosov floating power unit in the Russian Federation 
with two-module KLT40S has been connected to the grid and started commercial operation in 
May 2020. Two industrial demonstration SMRs are in advanced stage of construction: CAREM 
in Argentina and HTR-PM in China. They are scheduled to start operation between 2021 and 
2023. This presentation provides a brief introductory information and technical description of 
the key SMR designs and technologies under different stages of development and deployment. 
Prospects and challenges for their deployment will also be discusses.

PROF. DR. MOCHAMMAD HADID SUBKI

Advances on Small Modular Nuclear Reactor Technology Developments
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For over a hundred years, electricity production has depended primarily on the 
burning of fossil fuels. Prevention of excessive global temperature rise and 
commitments by a growing number of countries to “net-zero” greenhouse 
gas emissions forbid this if the emitted carbon dioxide isn’t captured and 
stored. Massive strides have been made in the use of wind and solar 
energy to produce electricity, reducing reliance on fossil fuels. Further 
reduction in the emissions intensity of electricity production is required at 

the same time as meeting an increasing demand as energy use for heat 
and transport is electrified and cooling demand grows. This talk addresses the 

successes and remaining challenges of decarbonisation of the electricity system 
while maintaining accustomed levels of reliability of supply.

PROF. DR. KEITH BELL

Powering Past Fossil Fuels: Electricity and Net-Zero Greenhouse Gas Emissions
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There is overwhelming scientific evidence about the sources of air pollution, 
the atmospheric processes, in which pollutants are involved, and the broad 

impacts of pollutants. The ‘Global Burden of Disease’ analysis ranked 
ambient air pollution among the top ten risks faced by humans. Most of the 
anthropogenic air pollution is due to our energy needs: for the generation 
of electricity, for heating or cooling buildings, or for urban transport and 
transport in general. The energy transition from current dirty fuels to 

future clean fuels will play a vital role in eliminating the health impacts of 
air pollution. The arrival of new technologies makes the transition possible. 

However, whether and how new technologies are used is highly dependent on 
political drivers, whether they allow or block the adoption of the technologies. The presentation 
will explore these aspects, emphasising areas that need more interdisciplinary and applied 
research, greater awareness and education, and international collaboration. 

PROF. DR. LIDIA MORAWSKA

Air Pollution and Energy: “This discussion is closed”!
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Power-to-fuel technologies are fundamental for storing energy from renewable 
sources in order to manage the intermittency and variability of renewable 

energy. Storing renewable energy in renewable fuels or chemicals is 
strategic for covering the needs of long term and seasonal storage, which 
cannot be satisfied by most of other currently available energy storage 
systems, and for transferring energy from the power generation sector 
to other sectors such as transport, heavy industry, and green chemicals 

production. However, the topic needs a clear approach, which requires a 
sound and clear, integrated approach with other short- and medium-term 

storage options.

In such a changing world, it is necessary to take decisions that may help the transition to a 
decarbonized economy which should be openly and widely discussed to agree on the fundamental 
steps in different directions and with different time span.

For this aim, a number of parameters should be considered, such as energy efficiency, 
environmental impact, and LCA, thermoeconomics, environomics.

This speech intends to open the discussion on the above points and stimulate new approaches 
to energy storage.

PROF. DR. UMBERTO DESIDERI

Power to Fuel Technologies: Is a Necessary Option for the Future?
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Fifty years ago next week President Nixon detached the US dollar from the Gold 
Standard and began a process of market intermediation, financialisation, & 

digitisation leading to unsustainable concentration of wealth and in October 
2008 to a global bank solvency shock marking an inflection point of Peak 
Debt.

Meanwhile the secular increase in energy intensity of fossil fuel extraction 
and secular decline in Energy Return on Energy Invested (EROEI) 

when combined with financialisation of oil led to an unprecedented market 
discontinuity in April 2020 as the Covid demand and liquidity shock marked an 

inflection point of Peak Rent.  

This presentation outlines the evolution of the legal design of market institutions and instruments 
over 50 years and identifies an ongoing transition from capital and resource intensive transactional 
commodity markets to smart markets in services where law, accounting and ICT converge in 
“Financial Technology”. 

The presentation concludes by proposing a new generation of distributed and networked smart 
market Energy Treasury institutions and instruments enabling the implementation of an Energy 
Standard unit of account.

CHRIS COOK

Introducing the Energy Treasury - from Dollar Economy to Energy Economy
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In Ireland, today, the production and use of hydrogen is relatively modest 
when compared to most other developed European countries, especially 
as a decarbonising agent, mainly used in the semiconductor industry as 
well as an industry feedstock. However, hydrogen activities and projects 
are taking shape across the island of Ireland, with some academic studies 
suggesting the use of electrolyser technologies for the conversion of the 

growing amounts of excess wind energy on the island of Ireland into green 
hydrogen. A growing interest in hydrogen technologies is evident with a 

number of private and semi-state companies developing plans for hydrogen 
hubs as well as the conversion of the gas grid to hydrogen. Even though there are currently no 
hydrogen refuelling stations in the Republic of Ireland, BOC already provides a simple refuelling 
process in west Dublin to support hydrogen bus trials and a 3 hydrogen bus deployment; while 
Logan Energy has just commissioned the first hydrogen refuelling station near Belfast, in Northern 
Ireland, to support the operation of 20 hydrogen-powered buses there in the near future. This 
presentation will present an overview and experience of where the island of Ireland is on its 
journey to a decarbonised society and the role of hydrogen.

DR. JAMES CARTON

Hydrogen; Building a Hydrogen Economy on the Island of Ireland
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5G is the next generation of wireless and mobile communication systems 
and it is being designed to ensure energy-efficient operation. In addition to 

its own energy-efficient design, 5G has the potential to achieve net-zero 
ambition by ensuring digital connectivity for the management of many 
other resources. It’s future version, i.e. 6G is expected to open further 
opportunities to reduce pressures on greenhouse emissions by enabling 
telepresence. This talk will provide a quick overview of technologies and 

potential research areas in these emerging directions.

PROF. DR. MUHAMMAD ALI IMRAN

5G Communication Systems and Energy Efficient Future
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All engineering systems are made up of materials where controlled hierarchical 
structures at different dimensional levels determine their functionalities. The 

three key issues in energy systems for long-term sustainability include 
the chemical makeup of the materials, where doping and alloying plays 
an important role, in particular, the significance of rare earth metals; 
controlling the microstructures of the materials towards achieving the 
desired engineering properties, and finally processing of the materials 

under energy-efficient and environmentally friendly conditions. The 
presentation will discuss the current state of the energy materials with key 

problems and limitations, with proposed more sustainable approaches, e.g., 
ocean biomining, efficient energy harvesting approaches, and biomimetic processing, for the 
future.

PROF. DR. MEHMET SARIKAYA

Energy Materials - Current & Future
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PROF. DR. ALEJANDRO H. BUSCHMANN

Macroalgal production is globally one of the major aquaculture groups 
produced, reaching over metric 31 million tons several species are known 

to be exploited, however, the majority of algal biomass comes from few 
species: Saccharina, Kappaphycus/Eucheuma, Undaria, and Gracilaria 
and Porphyra/Pyropia. Today there is a high interest to cultivate 
macroalgae beyond the production in South-East Asia, North China, 
Korea, and Japan. As new potentially markets are under development 

that may increase the demand, there is a need for commercial cultivation 
systems. This contribution presents the recent development of the sea-

farming of the brown macroalgae Macrocystis pyrifera, focusing on the 
fundamental determinants of productivity in cultivated systems, identifying the main environmental 
constraints and the relevance of a breeding program. Our findings demonstrate the feasibility 
of the Macrocystis sea-farming but also identify important yield differences between farming 
sites and strains. In our best farming locations, kelp biomass production reached 38.8 DMT/
Ha. In addition, our efforts have also been devoted to transform and valuing the M. pyrifera 
biomass to achieve an economic interest in developing this industry. We have used kelp 
for developing human food products and as feed for abalones, however, more recently, we 
developed a process that includes the use of genetically modified bacteria able to transform 
the kelp biomass into bioethanol. Using a fermentation process, we obtained 0.213 kg ethanol 
kg-1 dry seaweed, equivalent to 7 to 9.6 m3 of ethanol hectare-1. Furthermore, we were able to 
extract co-products such as antioxidants. The concentration of phlorotannins achieved in the 
extract was 200.5±5.6 mg gallic acid equivalent (GAE)/100 g (DS) and a total antioxidant activity 
of the extract of 38.4±2.9 mg trolox equivalent (TE)/100 g DS. Further, it was possible to identify 
two phlorotannins through HPLC-ESI-MS analyses: phloroeckol and a tetrameric phloroglucinol. 
These results show how we have move into a more integrated use of the kelp biomass by using 
a biorefinery approach.  Financial support: ANID(Chile): FB-0001 

Macroalgal Sea-farming and Biofuels: Desires and Facts
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Climate crisis and rapid population growth are posing some of the most 
urgent challenges to mankind and have intensified the need for the 

deployment of carbon recycling technologies. Gas fermentation using 
carbon-fixing microorganisms offers a solution for transforming waste 
carbon into sustainable fuels, chemicals and polymers at a scale that 
can be truly impactful in mitigating the climate crisis. LanzaTech is a 
pioneer and world leader in gas fermentation, having successfully scaled 

up the process from the laboratory bench to full commercial scale, with two 
commercial plants in operation and several additional units in construction.

Compared to other gas-to-liquid processes, gas fermentation offers unique feedstock and product 
flexibility. The process can handle a diverse range of high volume, low-cost feedstocks. These 
include industrial emissions (e.g., steel mills, processing plants, refineries) or syngas generated 
from any biomass resource (e.g., municipal solid waste, agricultural waste, organic industrial 
waste), as well as CO2 with green hydrogen. Synthetic biology and metabolic engineering enable 
the conversion of these feedstocks into an array of fuels, chemicals, or polymers to displace 
fossil-derived chemicals.

DR. STEVEN BROWN

Stepping on the Gas to a Circular Economy: Accelerating the Development 
of Carbon-Negative Chemical Production from Gas Fermentation
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One of the most important challenges of the 21st century that the nations 
worldwide are facing is environmental sustainability due to climate change 

and carbon pollution. A wide spectrum of IoT applications, mobile 
computing, and sophisticated handling of big data and computation 
leads to consuming 200 TWh+ each year which exceeds the total energy 
consumption of some entire countries, which directly impacts sustainability. 
More, the energy storage market ranging from electrified transportation to 

grid storage at different scales and mobile computing demand the design 
of new classes of materials for manufacturing high performance batteries and 

supercapacitors. I will describe innovations in the design of nanostructured 
materials for enhanced capacity; superior rate performance, cycling stability, superior gravimetric 
capacitance; enhanced energy density and power density.

PROF. DR. CENGIZ SINAN OZKAN

Materials Design for Sustainability and Energy Storage
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Fueled by big data, powerful and affordable computing resources, and 
advanced algorithms, machine learning has been explored and applied to 

buildings research for the past decades and has demonstrated its potential 
to enhance building performance. This talk presents an overview of how 
machine learning has been applied across different stages of the building 
life cycle with a focus on building design, operation, and control. A few 
real applications using machine learning will be presented. Challenges 

of applying machine learning to buildings research will also be discussed.

PROF. DR. TIANZHEN HONG

Applications of Machine Learning Techniques in Buildings: An Overview and 
Examples
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The words “new interest for old compounds” well summarize the context of 
the research dedicated to boron-based hydrogen carrying/storing materials 
over the past 2 decades. In the late 1990s, sodium borohydride that was 
discovered in the 1940s, emerged; it was presented as having a high 
potential for on-board H2 production. In the mid-2000s, ammonia borane 
that was discovered in the 1950s, emerged; its gravimetric hydrogen 

density of 19.5 wt% attracted a lot of attention. In the early 2000s, boron 
nitride that was discovered in the early 19th century, emerged; it was 

presented as being able to adsorb up to 5-6 wt% H2 at rooms conditions. Like 
many other groups, we have devoted effort to developing these compounds.

After 15-20 of (mainly academic) research, there is one question that is often raised. How mature 
are these compounds? I will try to answer the question during the TUBA WCEST-2021.  A first 
step in answer is: we have to admit that if we do not change course, we will go around in circles.

PROF. DR. UMIT B. DEMIRCI

Boron for Carrying/Storing Hydrogen
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Thermal Energy Storage (TES) is the temporary storage of high or low-
temperature energy for later use. It bridges the time gap between energy 

requirement and energy use. For HVAC and refrigeration application 
purposes, water and water ice constitute the principal storage media. 

Water has the advantage of universal availability, low cost, and transport 
ability through other system components. However, water ice as latent 

heat energy storage can only be produced using inefficient low-temperature 
chillers for cooling applications and if it is applied for heating using purely 

sensible heat storage capacity designers’ have to use large storage tanks. 

However, Phase Change Materials (PCM) between +4°C and +90°C range offer us new horizons 
and practical application options.

One can provide a latent heat Coolth energy storage utilising conventional water chillers for new 
and retrofit applications without the need for any modifications as well as having the possibility 
of free cooling. 

By storing day-time warm energy for evening periods and night-time cool energy for day-time 
cooling requirements, a PCM system can simply bridge the gap between energy availability and 
energy use and therefore has the potential to achieve considerable environmental as well as 
economical benefits for many heating and cooling applications.

A practical application guide, together with the real application examples around the World, will 
be presented in a format that will aid practising engineers or consultants to develop an effective 
and low energy design based on PCM-based thermal energy storage cooling / heating and heat 
recovery systems.

ZAFER URE

Thermal Energy Storage Technologies and their Global Application Examples
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Structures are usually subjected to various loading and environmental 
conditions, which can cause various damage types, including fatigue and 
corrosion. Prediction of fracture and failure is a challenging research 
area. There are various methods available for this purpose, including 
the well-known finite element (FE) method. FE method is a powerful 
technique for deformation and stress analysis of structures. However, 

it has various disadvantages in predicting failure due to its mathematical 
structure. In order to overcome this problem, a new computational technique 

peridynamics was introduced. Peridynamics is a meshless approach, and it is 
very suitable for predicting crack initiation and propagation in structures subjected to different 
types of loading and environmental conditions. In this presentation, various applications of 
peridynamics will be demonstrated, including hydraulic fracturing, corrosion damage, underwater 
shock response of composite structures, fatigue damage prediction in metals, and fracture in 
lithium-ion batteries.

PROF. DR. ERKAN OTERKUS

Fracture Modeling Based on Peridynamic Theory
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Zn-air batteries are promising power sources for various applications 
due to their low-cost, intrinsic safety, and high capacity.   However, the 
performance and durability of Zn-air batteries are still unsatisfactory 
due to the low discharge voltage, high charge voltage, Zn dendrite 
formation, and Zn electrode passivation.  In order to improve the battery 
performance, novel hybrid Zn-metal/air batteries are developed to 
achieve both high discharge voltage and high capacity.  In addition, the 

Zn-air battery performance can be further enhanced by controlling the 
hydrophobic level and microstructure of the air electrode.  Flexible Zn-air 

batteries are developed for flexible electronics, such as flexible mobile phones and 
flexible sensors. For grid-scale electrical energy storage, Zn-air flow batteries are developed 
with improved performance and durability.  The talk will cover the above recent developments 
in Zn-air batteries. 

PROF. DR. MENG NI

New Developments in Zn-Air Batteries for Energy Storage

In
vi

te
d 

Sp
ea

ke
rs

 1
3

The Hong Kong Polytechnic University, China



www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

61

Energy lies at the heart of both the 2030 Agenda for Sustainable Development 
and the Paris Agreement. Sustainable energy is inextricably linked to many 

socio-economic outcomes, including poverty eradication, food security, 
health, education, prosperity, gender equality, jobs, transport, ocean, water 
and sanitation, and the empowerment of women and youth. Despite the 
progress made over the last decade, urgent action is needed to achieve 
clean, affordable energy for all by 2030 and net-zero emissions by 2050. 

Nearly 760 million people still lack access to electricity, and nearly 2.6 
billion lack clean cooking fuels, causing several million deaths each year from 

household air pollution. Energy is also critical to addressing climate change, and it 
accounts for three-quarters of global emissions. Global temperatures are already 1.2 degrees 
higher than in the late 1800s, with climate-related disasters displacing millions of people. This 
presentation focuses on concrete actions and ambitious commitments that are required to improve 
the lives of billions who lack access to energy while accelerating energy transition to address the 
climate crisis. 

BAHAREH SEYEDI

Achieving Universal Energy Access and Net Zero Emissions – A Policy Perspective
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Eastern Mediterranean region is located on a hydrocarbon belt which 
corresponds to the southern continental shelf of the Tethys Sea, where 

Mediterranean Sea of today is the geological remnant of it. This belt extends 
from Oman to Syria and then passing through the East Mediterranean 
towards westward along the northern edge of Africa Continent. Although 
total of discoveries has not reached the USGS’s resource estimates 
published in 2011, the presence of hydrocarbons has been proven by 

discoveries in the region. 

The exploration activities before the sharing of maritime jurisdictions in the region created an 
unsafe and politically unstable environment. After procurement of deep sea drilling facilities 
in 2019, the Turkish Republic of Northern Cyprus (TRNC) and the Republic of Turkey (TR) 
have begun drilling in overlapping licenses with those claimed by Southern Cyprus Greek 
Administration (SCGA) and Greece. Upon blockage of the possibility of a federal Cyprus solution 
by Greeks, in 2021 the Turkish side started implementing an independence policy for TRNC. 
This requires the sharing of hydrocarbon rights and defining their exclusive economic zones 
(EEZ) with SCGA. Until a solution in Cyprus TRNC will continue exploring in the seas around the 
entire island of Cyprus. Maritime jurisdictions acceptable to all littoral countries in the Eastern 
Mediterranean are essential for safe operations.

PROF. DR. SALIH SANER

Geological and Geopolitical Controls on the Hydrocarbon Search in the 
Eastern Mediterranean Basin
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Since the late 1990s horizontal drilling and hydraulic fracturing in the 
unconventional gas reservoirs has revolutionized gas exploration in 

North America. These two methods are reliant on robust predictive 
reservoir models, particularly addressing the geometry, spacing, and 
density of complex natural fracture networks within the otherwise tight 
unconventional gas-shale reservoirs. 

      One of the most important unconventional gas-shale reservoirs in the 
United States is the Devonian Woodford Shale of the midcontinent region. 

However, the natural fractures within the Woodford Shale have not been rigorously 
studied despite their importance to fluid flow and ultimate recovery of hydrocarbons. Most of 
the subsurface fracture mapping of the Woodford has been done using 3D seismic data and 
seismic attribute analysis. Our group applied terrestrial Light Detection and Ranging (LiDAR) to 
study natural fracture patterns of Woodford outcrops located in the Arkoma Basin, southeastern 
Oklahoma. 

The high-resolution images obtained from terrestrial LiDAR reveal fracture spacing and fracture 
density allowing the quantitative assessment of how these fractures vary in different sections of 
the Woodford Shale where bedding thickness, mineralogy, and degree of deformation (folding) 
differ significantly. Our group at the University of Alabama evaluated whether a statistical 
relationship exists between bedding thickness and the mineralogy (i.e., silica content vs organic 
content), fracture spacing, and fracture density of shale beds.

PROF. DR. IBRAHIM ÇEMEN

Quantitative Natural Fracture Analysis in Unconventional Gas-Shale 
Reservoirs: An example from Woodford Shale in Oklahoma, USA
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According to a newly published white paper from industry analysts IDC, 
49% of upstream energy organizations are prioritizing data capitalization 

and monetization as preexisting challenges and 2020 turbulence has 
elevated digital transformation from priority to imperative status. Even 
about five years earlier, expectations from the digital transformation was 
already high, especially in the context of bottomline impact. However, 
with respect to these expectations the progress has been quite slow in 

the oil and gas industry. For most early adopters, this journey began with 
real-time monitoring and remote operation of equipment. In this talk, we will 

highlight the current environment in terms of “Distruptive”/Fast Changes where 
Data- Process-Software Integration and how it is almost becoming a must.  In the second part of 
the the talk, we will have specific machine learning techniques that we have applied successfully 
to a certain class of problem  in recent years. One of the learnings from these studies is that data 
quality check coupled the content knowledge was proven to be instrumental for the successful 
application of the machine learning and/or correlative techniques.

PROF. DR. BIROL DINDORUK

Data Mining/Machine Learning in the Oil and Gas Sector: Applications in the 
Area of Petroleum Engineering
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Abstract will be included.

ALI KINDAP

Geothermal Energy in Turkey

In
vi

te
d 

Sp
ea

ke
rs

 1
8

Zorlu Energy & Geothermal Energy Association, Turkey



www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

66

Domestic green resources have become one of the primary discussion topics 
from a climate action point of view and promote economic stability and 

sustainability. In addition, the use of geothermal energy can support the 
United Nations (UN) sustainability development goals for zero hunger, 
gender equality, affordable and clean energy, decent work and economic 
growth, and industry, innovation, and infrastructure. 

Turkey is located in a tectonically active zone and has approximately 1,000 
geothermal hot springs and mineral water sources with a wide range of 

temperatures located all over the country. Temperatures can reach more than 
295°C and are thus suitable for different utilization technologies. The total estimated geothermal 
potential of the country is more than 60,000 MWt. During the last decade, the geothermal power 
sector in Turkey has been the fastest-growing geothermal market in the world. Starting with 15 
MWe in 1984, the sector has grown to 1663 MWe in 2021. In addition, the current installed direct 
use capacity in Turkey is about 3,589 MWt.  About 41% is used for residential and commercial 
space heating, 35% goes to thermal spas and resorts, and 24% is used to heat greenhouses. 
Only 0.1% is currently used for food drying. All these practices have contributed significantly to 
the country’s economy and affected the sustainability of rural development. 

Generally, geothermal energy is an environmentally friendly energy resource. However, 
undesirable effects on the environment have begun to be observed due to incorrect applications 
of geothermal resources. The environmental impact of geothermal power plants are generally in 
the form of discharge of the geothermal fluid to the surrounding receiving environments without 
re-injection, leakages, and leaks due to deformations caused by corrosion and scaling in the 
power plant components, gas emission, visual pollution, microseismicity, collapses, thermal and 
chemical pollution. Such environmental problems can be minimized with innovative methods 
such as mineral extraction from fluid, use of CO2 in industry, use integrated systems.

PROF. DR. ALPER BABA

Importance of the Geothermal Resources and Its Innovative Properties: A 
Case Study: Turkey
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Huge steps have been made in reducing the cost of PV technologies. 
Important aspects are for example increasing the efficiency, economy of 

scale and standardization. However, current manufacturing technology for 
mainstream crystalline silicon PV based on so-called PERC technology 
is approaching its efficiency limits. Recent developments in making 
next steps for efficiency enhancement by the application of passivating 
contacts, but also hybrid perovskite-silicon tandems will be discussed. 

Furthermore, examples of technologies enabling novel applications and 
simultaneously improving easthetics will be presented.

PROF. DR. ARTHUR WEEBER

Trends and Future Aspects of PV Technology and its Applications
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PVT-PCM collectors can produce both electrical and thermal output on the 
limited surface, however specific design strongly determines electrical 

and thermal performance of the specific PVT-PCM collector design. The 
main characteristics of the usually implemented PCMs in the PVT-PCM 
collectors were also discussed in detail and that were focused on the 
experimentally tested solar collector designs in various climates. The 
conducted review indicated the importance of the PVT-PCM designs 

with respect to the overall PVT-PCM solar collector efficiency (electric and 
thermal), and in general it directed necessity for optimization of the main 

collector design parameters (such as tube geometry and layout, absorbers, PCM 
layer, etc.). The economic and environmental evaluation of the PVT-PCM collector designs is 
not properly discussed in the existing research literature and more detail research work should 
be conducted in that direction to determine techno-economic and environmentally suitable PVT-
PCM collector designs. 

PROF. DR. SANDRO NIŽETIĆ

Photovoltaic Thermal Collectors with Incorporated Phase Change Materials: 
Analysis of Design Approaches
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This presentation will discuss recent work on our development of conjugated 
phenylene ethynylene and polythiophene polyelectrolytes and oligomers.  

The focal point of our presentation will be our development of these materials 
as antiviral agents vs enveloped and non-enveloped viral pathogens.  
We first investigated these totally synthetic organic polyelectrolytes as 
antimicrobials in 2005.  Our initial studies indicated that the cationic 
phenylene ethynylene polymers (CPE) were potent antimicrobials 

against the biological pathogens E. coli. and B. anthracis (Sterne) spores. 
Subsequent investigations showed that the polymers could be simplified into 

their subunit oligomers (OPE) and still possess potent antimicrobial activity both 
with light activation but also in the dark by different mechanisms.  The structures of the biocidal 
CPE are shown below. In 2009 we made our first investigations into the antiviral activity of 
these compounds and materials.We found that these materials showed excellent dark and light 
induced inactivation of the bacteriophages, non-enveloped viruses which kill E. coli., but are 
harmless against humans.  During the emergence of the current Pandemic we decided that our 
cationic oligomeric and polymeric materials might be able to inactivate the enveloped SARS-
Cov-2 virus by a similar mechanism.  Our initial study gave us an initial surprising result: all 
materials and compounds tested show light-activated antiviral activity against SARS-Cov-2, but 
no dark activity. In recent and on-going studies we are investigating several applications of our 
compounds and materials in the struggle to control the SARS-Cov-2 and its variants. 

PROF. DR. DAVID WHITTEN

Novel, Light-Activated Antimicrobials for Elimination of Viral Pathogens

In
vi

te
d 

Sp
ea

ke
rs

 2
2

The University of New Mexico, Mexico



www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

70

Abstract will be included. 

ARIF GUNYAR

The Future of Wind Energy Sector
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Recent years witnessed a rapid increase in the volume of data collected in 
oilfield operations, with the help of enabling technological developments. 

Challenges in the description of static and dynamic characteristics of 
unconventional resources, the downturn of the oil industry, followed by a 
global pandemic altogether solidified the necessity of using collected data 
more effectively for better modeling, analysis, uncertainty quantification, 
and decision making. Proper management and analysis of collected data 

to understand reservoir behavior for both diagnostic and performance-
forecasting purposes have become critical components of modern reservoir 

engineering practice. These developments have marked the beginning of a new 
scientific era in hydrocarbon reservoir engineering that is powered by data-driven analytics and 
modeling. Even though its full potential has not been fully realized yet, the key driving force 
of this era will probably be machine learning algorithms that combine traditional and modern 
statistical modeling tools with computational science. In this talk, some recent successful machine 
learning applications in the reservoir modeling domain will be presented. After exploring these 
applications, the current state of the industry and future challenges related to these technologies 
from both theoretical and practical perspectives will be briefly discussed.

PROF. DR. EMRE ARTUN

Machine-Learning Based Modeling of Hydrocarbon Reservoirs
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With 30 milion tons of annual crude oil processing capacity and four 
refineries, Tupras meets 51% of Turkey’s gasoline, diesel, jet fuel and fuel 

oil needs. Tupras is currently recognizing several sustainability practices 
including research on alternative energy sources, collaborating with 
start-up companies, increasing the digitalization applications, realizing 
projects on energy efficiency, meeting the energy needs of Tupras 
refineries, improving the logistic infrastructure with enhanced social and 

environmental effects and reducing the water and carbon footprint of its 
operations. Tupras evaluates the short and long terms risks emanating from 

resource shortage (energy, water, etc.), sensitivity on fossil fuels (ESG, Green 
Deal, Paris Agreement), legislations (greenhouse gas emission limitation, carbon tax, diesel 
vehicle restrictions), increasing utilization of renewable fuels (biodiesel, green diesel, green jet 
fuel), improvement in alternative fuel Technologies (electricity, hydrogen) and electrification of 
vehicles. R&D is an important pillar for the future of Tupras in clean fuel technologies. 

The eleven year-old Tupras R&D Center builds its project portfolio in correspondence with 
Tupras strategy and by considering the future of the oil&gas sector. There are 52 researchers 
comprising of 12 PhD and 23 MSc graduates, and 15 technicians. The laboratory and pilot 
plant buildings contain more than 150 equipment and several dedicated areas for fuel analysis, 
material analysis, reactor operation, distillastion and fuel blending. Tupras R&D sets strong 
collaborations with national and international universities, research centers, SMEs and large 
enterprises. Tupras R&D has profitability and sustainability targets. Profitability is to support 
the refineries with hydrocarbon characterization, material and catalyst technology development, 
digital-sensor-robotic solution development and data analysis. Sustainability is related to the 
research and development of new technologies in to be utilized in Tupras in the future. Those 
include projects for reduction of carbon dioxide emission, production of green hydrogen from 
alternative sources, renewable fuel Technologies including biofuels and water and waste 
management technologies. Projects under the mentioned topics are funded by national and 
international funding mechanisms, mainly Tubitak and European Commission. Tupras works 
in collaboration with the Horizon 2020 and Horizon Europe EU Framework Programmes for 
Research and Innovation. With sixteen accepted Horizon 2020 projects and 7.4 million Euro 
funding, Tupras has became the most successful Turkish industrial company for the 2014-2020 
period. There are curerently ten active EU projects at the Tupras R&D Center.

DR. OZGE BOZKURT

The Clean Fuel Technology Approach of TUPRAS R&D

Sp
ec

ia
liz

ed
 S

pe
ak

er
s 

02

TUPRAS R&D Center, Turkey



TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

74

The natural fractures present in source rocks have a considerable impact 
during the process of unconventional natural oil and gas production  of 

mature shales. They can act as a geological barrier or, on the contrary, 
help the hydraulic fractures propagation. The understanding of their 
spatial distribution as an input in DFN numerical models is therefore a key 
factor for oil companies. Moreover, the study of these natural fractures 
through different geological tools may provide information on the thermal 

and geodynamic history of the basin.

A certain type of fractures recurrent within source rocks are calcite-filled fibrous veins also 
called ‘beef veins’. In order to understand the distribution of these fractures and the thermal 
information they contain, we conducted a three-year study with multiscale and multiproxy analysis 
of beef veins for one case study: the Vaca Muerta formation, which is a world-class source 
rock exploited by several oil majors. Several parameters controlling their distribution have been 
identified, the sedimentary interfaces, the TOC and the maturity of the rock being the first order 
controlling factors of the beef occurrences. Moreover, through geochemical studies, fractures 
enable to report the thermal history of the source rock, from its burring to its exhumation as well 
as the timing of fluids overpressure induced by the source rock maturation. 

Beef veins are thus prime indicators for understanding the history of hydrocarbon generation 
and migration in source rocks and their distribution can be anticipated in order to improve the 
exploitation of unconventional resources.

DR. SALOMÉ LARMIER

Beef Veins: A Multi-Marker For Mature Source Rock
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Shales are unconventional oil and gas reservoirs, top seals to conventional 
hydrocarbon reservoirs, and critical barriers to the leakage of CO2 storage 

sites. Risking and predicting flow and leakage through these rocks 
requires a qunatittaive understanding of porosity. This is challenging 
since many pores in shales are only a few nanometers in size. The 
current industry standard protocol for porosity measurement for shales 
is helium porosimetry (He) technique. However, it is time consuming and 

not practical to obtain samples from all intervals of all wells in any shale 
play. Shale contains matrix porosity, organic porosity and natural fracture 

porosity that were formed during burial driven mechanical compaction, chemical 
compaction, diagenetic reactions, cementation and by maturity driven oil, condensate and gas 
formation processes. During this study, a data set of 287 samples from 19 wells of various 
locations of the organic-rich shales been used to deploy deep learning algorithm for porosity 
prediction. The “Neural Designer” software has been used to perform the training, testing and 
selection. The linear regression analysis suggests that porosity of organic-rich shales can be 
predicted as high as R2 =0,936 from the standard petroleum E&P activities. 

PROF. DR. SAMIL SEN

Determination of a Deep Learning-Based Model for Shale Porosity Prediction 
Using World Scale Data Set
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ABSTRACT 

The world is currently facing massive energy- and dramatic environment challenges caused by global warming and an 
increase in energy demand. Through a tight integration of highly intermittent renewable distributed energy resources, 
the microgrid is the technology of choice to deliver the expected impacts, making clean energy affordable. The focus of 
this work lies on techno-economic analysis of combined heat and power multi-microgrids (CHP-MMG), a novel 
distribution system architecture comprising two interconnected microgrids. High computational resources are needed 
to investigate CHP-MMG. To this aim, a novel two-layer optimization algorithm is proposed to execute techno-economic 
analysis and find the settings returning the optimal financial performance, while the energy balance is achieved at 
minimal operational costs and highest revenues. The optimization tool is used for a sensitive analysis of hydrogen costs 
in off-grid and on-grid contests. With CHP-MMG, energy production surplus is converted from electricity to heat, and 
thus, the energy swarm keeps the LCOE lower than 15c€/kWh. The results show that at a hydrogen cost of 3€/kg, the 
optimal design returns an IRR of over 55%. The simulations considering both on-site hydrogen production via plasma 
decomposition of methane and green hydrogen let to similar high financial outcomes. 

Keywords: Microgrid, Techno-economic analysis, Optimization, Evolutionary Algorithm, SLSQP. 

INTRODUCTION 

A microgrid (MG) is a controllable, independent small energy system comprising distributed generators (DG), loads, 
energy storage systems (ES), and control devices. CHP-MG systems have the ability to improve the quality of energy 
generated from renewable power sources, such as photovoltaic panels (PV) and wind turbines (WT). Compared with 
conventional CHP systems, CHP-MG have greater functionality, because they do not only satisfy cooling-, heating- and 
power demands (e.g., for residential, commercial, industrial buildings), but they also interact with the main grid to provide 
energy demand response services (i.e., reserve, peak-shaving, load shifting, load shedding) and improved capability 
for the integration of non-dispatchable sources (i.e., RES). When two or more CHP-MG systems are interconnected 
into a CHP-MMG, they become more flexible and counterbalance the variations required to match supply and demand 
at any time. Energy production surplus (i.e., exceeding the load demands and energy services) can be converted from 
electricity to heat and transferred to the nearby CHP-MG. As a consequence, the total cost of ownership (TCO) for the 
installations is minimized, a better LCOE is achieved, and the IRR is higher than stand-alone MG. The techno-economic 
viability of CHP-MMG requires optimization algorithms that, among different design, sizing, siting, select the best setting 
to maximize the financial performance. Several works deal with the optimization of MG operations using different 
metaheuristics. Notably, multi-microgrid optimization problems are rarely investigated. Typical optimal techno-economic 
analysis of MG deals usually with minimizations of the costs; balance equations are approximated with linear models 
that are solved with MILP. In this work, we propose a novel two-layer optimization architecture to simultaneously find 
the optimal setting of CHP-MMG under realistic operating conditions. The latter is a complex stochastic multi-objective 
optimization problem that requires high computing resources. For each trial setting, the simulation of energy balance 
among unpredictable-intermittent production with RES, not programmable grid availability and flexible energy demand, 
uncertain load profile, is hourly achieved with minimal operational costs and highest revenues. The trial setting is given 
by a novel evolutionary computing method that at the upper level select the best type (design optimization), size (sizing 
optimization) of DERs, the best geo-location (siting optimization) to minimize LCOE and maximize IRR.  

THE TWO-LAYER OPTIMIZATION METHOD 

The two-layer algorithm simultaneously (AIE) finds the optimal design, site, sizing, and operation of CHP-MMG. The 
inner layer is a convex piecewise-linear problem and is solved with the sequential least squares programming 
(SLSQP) method. The outer layer simultaneously solves a non-linear, non-convex problem, with novel evolutionary 
methods. The fitness values are generated by an analytical techno-economic model (ATE). A detailed description of 
ATE is reported in the publication of the authors (1). ATE incorporates the techno-economic models of the distributed 
energy resources (DER) models, the sequential least squares programming (SLSQP) algorithm, the objective 
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function, the electric, thermal energy balance equations of each MG and of the energy exchanged among the 
interconnected MG. The boundaries are dictated by outer AIE method and DER's state of health. The SLSQP method 
ensures that at each time-step minimize LCOE (i.e., the ratio between the TCO and the energy generated along the 
DER’s lifetime) is minimized and LSOE (i.e., selling price deducted from the LCOE of the microgrid’s products) is 
maximized, while the electric, the thermal generation of each microgrid and interconnections balance the demands 
surplus and networks losses. The DER’s models dynamically adapt the boundaries and compute the states of DER 
after the elaboration of SLSQP. At the end of the iterations (i.e., 8760 time-steps, which are equivalent to one year), 
ATE exits the SLSQP loop, and the actual financial terms (LCOE, IRR) over the lifetime of the installation are 
computed. At the top, a novel self-adaptive evolutionary algorithm enables an efficient search of optimal CHP-MMG 
settings. The candidates of the DER configuration and the geo-coordinates of the evolutionary algorithms are 
represented by an individual having two properties: genotype (two chromosomes; the first composed of 36 genes, i.e., 
the size of DER and the second 2 genes, i.e., the latitude and longitude) and its quality (fitness value). Twelve individuals 
of a population undergo a number of variation operations to mimic genetic gene changes and search the solution space. 
In the early generations, the self-adaptive evolutionary algorithm (AIE) generates the mutant with a normal random 
distribution whose standard deviation and mean are driven by the diversity of population and fitness convergence. In 
the latest generations, the mutant is obtained by perturbing a base individually with the difference of a random set of 
other two individuals. In order to improve the search radius and converge faster, the values of the mutant- and crossover 
factors are adapted following the gradient of the fitness value. The crossover is obtained by randomly recombining the 
mutant to 1) segments of an external genotype via horizontal gene transfer; 2) the target individual via vertical gene 
transfer technique. The stochastic multi-objective function delivering the fitness value is formulated to obtain the highest 
IRR to investors. Due to the stochastic nature of this problem, clusters of probabilistic best solutions (PBS), of similar 
solution quality are obtained. To find the best configuration, the optimization must be repeated until the standard 
deviation of the PBS’s genotypes reaches the desired value. Then, the PBS having the lowest fitness value can be 
assumed as the candidate of being a best probabilistic solution. The final task is to verify with the sample average 
approximation method (2)  if the latter solution returns the best-expected performance over all the uncertain scenarios. 
The results show that AIE performs over 70% better than the original version of Differential Evolution (3) and it is well 
suited to compute complex CHP-MMG optimizations. 
 
CONCLUSIONS 

The simulation-optimization tool proposed in this work leads to recommendations regarding the best configurations of 
CHP-MMG in Southern Europe (Catania, IT) and Northern Europe (Bremen, GE). The outcomes are subsequently used 
to examine the impact of the location of the sites, the costs of the fuels, the price policies and their financial implication. 
In grid-tie scenarios, with cost of the hydrogen fixed at 3 €/kg, fuel cells are selected to be a main source of electricity 
and heat, followed by RES while the role of the main grid is relegated to deliver demand response services. Whenever 
the hydrogen costs increase to 13 €/kg, the main grid turns into the principal supplier of the loads within the CHP-MMG. 
The high fuel cost causes a substantial increment of PV and WT. LCOE values are similar in almost all scenarios (~15 
c€/kWh), while in Catania is obtained the highest IRR (~55%). By setting the boundaries of geo-locations covering for 
Northern Europe a region with its center in Bremen and Catania for Southern Europe +/- 7 decimal degree both for 
latitude and longitude, the best siting and design of CHP-MMG in two regions of Europe with different climate conditions 
could be found. Within the cluster of best probabilistic solutions, AIE selects in Denmark the best siting of Northern 
Europe for CHP-MMG. This region has favorable wind conditions, and thus, WT is the best choice for RES coupled with 
fuel cells (FC) and the main grid. Thermal energy is generated with heat pumps and exchanged between the microgrids 
(LCOE ~12 c€/kWh; IRR~5%). Similarly, in Southern Europe, solar radiation, wind speed, and cloudiness conditions 
are favorable to find the optimal combination of PV combined with WT, FC, and the main grid in the East part of the 
Mediterranean Area (i.e., Greece, LCOE ~7 c€/kWh; IRR~29%). A further set of optimizations dealing with off-grid 
scenarios, has demonstrated that LCOE can remain aligned to grid-tie scenarios (~15 c€/kWh). Revenues streams 
deprived from incomes delivered with energy demand response services do not consistently affect IRR that still remain 
attractive (~13%). The optimal DER configurations, even with unfavorable initial conditions, craft a full balance of both 
thermal and electric energies. Further optimization with the blue-hydrogen on-site generation with thermal plasma (TP) 
methane decomposition technology leads to a substantial increment of the revenue stream as compared to green 
hydrogen if carbon black as a by-product is taken into account. These results exhibit how blue hydrogen can be a 
convenient bridging technology to make CHP-MMG profitable. From the operational point of view, the simulations have 
brought out an optimal scheme of collaboration between the two microgrids (i.e., ‘swarm effect’), fostering the overall 
efficiency, energy resilience to uncertainty, and optimal financial performance. Interconnections are used to permit 
crossflows of thermal and electrical energies. Notably, a fraction of the exceeding electrical energy (i.e., not used to 
feed the loads or charge batteries), flows via the interconnections back, and it is converted into thermal energy. Thus, 
a portion of the heat swarms to the other microgrid. The whole study demonstrates the versatility of CHP-MMG 
technology. With different inputs, AIE always finds optimal configurations, sizing, and siting CHP-MMG deliver a good 
quality of energy, attractive financial performance, and out-competing costs’ drawbacks. 
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ABSTRACT  

In this study, hydrothermal carbonization (HTC) of olive mill waste was studied at different reaction temperatures and 
duration time for the production of energy-densified solid fuel (hydrochar). The effect of process conditions on the fuel 
and combustion characteristics of resultant hydrochars were investigated. Hydrothermal carbonization resulted in the 
formation of lignite coal-like solid fuels having high calorific value, whereas it did not significantly improve the combustion 
characteristics of raw biomass. The results obtained in this study showed that HTC appears to be a promising process 
for the production of solid fuel from olive mill waste having high moisture content. 

Keywords: hydrothermal carbonization, two-phase olive mill waste, hydrochar, combustion  
 
INTRODUCTION 
The process of oil extraction from olives generates large amounts of by-products and waste. Olive oil is mainly 
extracted by continuous two-phase centrifuge systems, and a large part of olive oil industry has been using this 
technology due to their advantages over previously used three-phase systems, which are energy and water savings, 
since the 1990s. In the two-phase system, no water is added to the decanter. The system generates oil and a semi-
solid waste, usually called two-phase olive mill waste (TPOMW), separately [1]. TPMOW consists of olive extract, 
olive seed, and plant juice and represents 80% of the total weight of the fruit processed [2]. Up to 80% of the total 
weight of TPOMW is water. The management of TPOMW is generally viewed as a disposal problem but converting 
it to energy densified hydrochar via hydrothermal carbonization (HTC) can be a good opportunity. HTC method is 
very applicable to wet biomass like TPOMW. It does not require the drying of biomass and is carried out in the 
temperature range of 180−260 °C for a duration in the range of 5 min to 8h under autogenic pressure in subcritical 
water [3]. As a result of the process, a carbonaceous solid (hydrochar), aqueous chemicals, and gases are obtained. 
 
MATERIALS AND METHODS  
TPOMW was supplied by a local firm. TPMOW has a solid content of 33.6% as received. It has a potassium content of 
3.3% on dry basis. HTC system and characterization of resultant hydrochars were explained in our previous study [3]. 
Hydrochars were defined as following the “HC-temperature-duration” sequence (HC-220-60 stands for bioochar 
obtained from HTC of TPOMW conducted at 220 °C for 60 min). Combustion behavior of raw biomass and hydrochar 
samples were investigated using a thermogravimetric analyzer under air with a flow rate of 200 mL/min. The combustion 
parameters including the ignition temperature (Ti), burnout temperature (Tb), and average combustion reactivity (Rm), 
were calculated from the thermogravimetry (TG)/derivative thermogravimetry (DTG) curve based on the literature [4]. 
 

RESULTS AND CONCLUSIONS 
The effect of HTC temperature and duration on the properties of the resultant hydrochars is given in Table 1. At low 
temperatures, hydrochar yield decreased sharply with the change of duration time from 0 min. to 30 min. and did not 
change much for a duration longer than 30 min. This showed that duration of 30 min. was sufficient to enhance 
degradation of TPOMW. At high temperatures, hydrochar yield decreased for longer duration (>60 min.) due to 
secondary decomposition. Ash contents of hydrochars were lower than that of TPOMW, since the inorganics, mainly 
potassium salts, of TPOMW dissolved in subcritical water during HTC. The volatile content (VC) of hydrochar decreased 
and its fixed carbon (FC) content increased both with increasing temperature and duration. The higher heating values 
(HHV) of hydrochars increased due to the increase of C content and decrease of O content with increasing temperature 
and duration. The effect of duration on energy yield (EY) varied with temperature. At 200 °C, EY decreased significantly 
due to the decrease in mass yield. Although the HHVs of biochars increased by time at 220 °C, EY did not change 
significantly due to the decrease in mass yield. At 240 °C, EY increased due to the increase of the HHV between 0-60 
min and then decreased due to the decrease in mass yield. At 260 °C, EY decreased mainly due to the decrease in 
mass yield for longer durations. The Van Kreevelen diagram given in Fig. 1 shows that HTC yielded lignite coal-like 
hydrochars at low temperatures for long duration and at high temperatures for a short duration, while it yielded hydrochar 
like bituminous coal at high temperatures for a long duration.  

Ti of hydrochars obtained at 200°C did not change much with duration (except HC-200-0) and were found to be higher 
than that of TPOMW. On the other hand, Ti of hydrochars obtained at higher temperatures decreased to values 
significantly lower than that of TPOMW with the increase of duration. This decrease was due to the inclusion of the tar-
like volatile structures in hydrochar that formed by repolymerization of water-soluble compounds [3]. In comparison with 
lignite, all hydrochars had Ti lower than lignite given in literature which depicts the risk for self-ignition [5]. Tb of all 
hydrochars were found to be higher than that of TPOMW and lower than that of lignite. Hydrochars obtained at low 
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temperatures had higher Rm than those produced at high temperatures. Rm of all hydrochars were found to be higher 
than lignite.  In conclusion, HTC eliminated some of the disadvantages of TPOMW as fuel by converting it to hydrochar 
with lower ash content and higher heating value, but it was not sufficient for enhancing the combustion properties of 
TPOMW 

 Table 1. Proximate analysis, elemental analysis,fuel properties and combustion parameters of hydrochars 

 Proximate analysis, %wt., dry basis  Elemental analysis, %wt., dry basis   Combustion analysis  
 Ash VM FC  C H N S O* Yield HHV (MJ/kg) EY Ti Tb Rm 

TPOMW 3.78 68.5 27.7  51.47 7.02 1.09 0.13 36.51 - 26.1 - 225 487 1.32 
HC-200-0 0.71 71.86 27.43  52.51 7.45 1.04 0.12 38.17 79.2 27.0 82.1 266 500 1.26 
HC-200-30 0.68 66.56 32.76  58.22 6.11 0.95 0.08 33.96 61.8 27.4 65.0 285 531 1.16 
HC-200-60 0.72 64.17 35.11  60.74 6.54 1.06 0.06 30.88 62.7 28.8 69.2 295 527 1.28 
HC-200-120 0.65 64.70 34.65  60.84 6.35 0.72 0.01 31.43 63.2 28.6 69.4 291 513 1.48 
HC-200-240 0.90 56.66 42.44  62.92 6.46 0.89 0.02 28.81 60.2 29.5 68.0 280 493 1.77 
HC-220-0 0.62 66.72 32.66  54.78 6.28 0.68 0.01 37.63 68.4 26.4 69.4 286 531 1.01 
HC-220-30 0.67 62.95 36.38  60.07 6.68 0.81 0.02 31.75 62.6 28.8 69.1 285 512 1.33 
HC-220-60 0.67 59.56 39.77  61.98 5.81 0.69 0.01 30.84 61.4 28.4 66.9 281 515 1.36 
HC-220-120 0.80 55.85 43.35  63.17 6.23 0.89 0.01 28.90 59.2 29.3 66.5 207 512 1.16 
HC-220-240 0.88 51.36 48.76  63.97 5.92 0.93 0.02 28.28 58.6 29.2 65.6 204 508 1.31 
HC-240-0 0.45 64.75 34.80  62.42 6.71 0.88 0.22 29.32 57.5 29.6 65.4 287 537 0.95 
HC-240-30 0.83 58.26 40.91  65.54 7.04 1.03 0.16 25.40 58.5 31.1 69.7 218 524 0.90 
HC-240-60 0.82 54.14 45.04  67.06 6.69 1.09 0.17 24.17 57.5 31.2 68.9 203 530 0.85 
HC-240-120 0.85 49.83 49.32  69.75 6.76 1.17 0.16 21.31 54.6 32.2 67.5 202 522 0.84 
HC-240-240 0.85 47.87 51.28  73.39 6.49 1.29 0.19 17.79 47.8 33.1 60.8 - - - 
HC-260-0 0.58 56.74 42.68  63.22 6.79 0.95 0.23 28.23 57.8 30.0 66.5 224 530 1.01 
HC-260-30 0.85 49.16 49.99  71.40 6.39 1.27 0.20 19.89 47.5 32.3 58.9 212 507 0.94 
HC-260-60 0.90 46.73 52.37  72.60 6.71 1.29 0.16 18.34 47.1 33.1 59.9 208 555 0.97 
HC-260-120 0.88 47.36 51.76  74.33 6.84 1.35 0.18 16.42 43.3 33.9 56.3 201 594 0.77 
HC-260-240 1.26 36.81 61.93  74.52 6.68 1.32 0.15 16.07 40.0 33.7 51.8 194 571 1.17 
Lignite** 8.9 42.1 49.0  71.0 4.4 1.5 1.4 13.0 - 26.2 - 382 546 0.76 

            *by difference, O% = 100-(C%+H%+N%+S%+Ash%)                        
          **from literature [5] 

 

Figure 1. Van Krevelen diagram 
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ABSTRACT  
UK emissions of carbon dioxide declined from around 600 million tonnes of CO2 (MtCO2) in 1990 to 367 MtCO2 in 
2017, and in June 2019, the UK Government legislated an update of its greenhouse gas (GHG) emissions reduction 
target to attain ‘net zero’ by 2050. Meeting this ambitious target will require a drastic reduction in UK carbon 
emissions, with any remaining emissions being offset by extracting an equivalent amount from the atmosphere [1]. 
As a large sector of the UK economy, higher education (HEI) must contribute to the reduction in its carbon emissions 
if the Government’s ‘net zero’ by 2050 target is to be met. The aim of the study is to analyze the factors driving the 
emissions in the UK HEI from 2014 to 2019. The study investigates the key drivers for emissions using correlation 
analysis, ratio analysis, and factor analysis. It also aims at determining whether the UK HEI can meet the 2020 
milestone of a 43% reduction in emission with 2005 as the base year (Figure 1).  
 
Keywords: Carbon dioxide, Emissions, Factor analysis, carbon emissions, HEI 
 
INTRODUCTION 
In the last ten years, UK Higher Education Institutions (HEIs) have increased their total income from 26 billion pounds 
to 80 billion pounds [2]. As one of the large sectors of the UK economy, HEIs must contribute to the reduction in its 
carbon emissions if the Government’s ‘net zero’ by 2050 target is to be met. Apart from this, UK HEI’s have their own 
milestone of reducing the CO2e emissions by 43% by 2020 from the 2005 baseline emissions [2]. For doing so, it is 
essential to understand what the past data indicates regarding the drivers, progress, and benchmarking. In this study, 
the emission data is analyzed for the UK HEI from the year 2014-15 to 2019-2020 (5 years of data). This is an 
aggregate study where the analysis is carried out for the overall emissions of the HEI’s. The study on individual HEI 
is beyond the scope of this study. The data is available from the estate’s management of the HEFCE [2].  
 
METHODOLOGY 

The HEI-related data was obtained from the HESA estate management web page. Correlation and regression 
analysis was carried out to understand the relationship between the drivers and carbon emissions. Ratio analysis 
was carried out on a year-on-year basis to check how it has improved or decreased and which ratio has the highest 
or the lowest improvement rate.  
 
RESULTS AND DISCUSSION 

The target for the individual UK HEI’s is set at a 43% reduction by 2020 from the 2005 baseline year. The data 
analysis indicates that the aggregate emissions for the HEI have increased by 10% from 2005 to 2014-15, thereon it 
reduced by 39.4% in the last five years.  
 
Figure 1 shows the distribution of the percentage change in emissions between the year 2005 (baseline) and 2018-
19. The positive percentage shows the HEI has managed to reduce the emissions, whereas the negative percentage 
indicates that the HEI’s increased the emissions. The factors which have shown consistent high correlation are total 
gross internal area, total staff FTE, water consumption, energy consumption. Similarly, the maximum improvement 
in the ratio of the emission was observed in other non-residential income (Â£), a total number of cycle spaces, total 
grounds area (hectares), teaching income (Â£), total site area (hectares), teaching student FTE, total staff FTE. Car 
and cycle space stats for the last five years shows (figure 2 & 3) that the aggregate car parking space has decreased 
by 5%, the aggregate cycle space increased by 15%, the aggregate emissions reduced by 39%, emission per car 
parking space has reduced by 28%, emissions per cycle space has reduced by 43%.  
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           Figure 1                        Figure 2        Figure 3 

CONCLUSION 
Among the above factors, focusing on emissions per staff FTE is more result-oriented because it also has a high 
correlation with the Scope 1 emissions. It appears that all the HEI’s has made efforts to reduce the emissions, but 
they are very far away from the set benchmark. As per the present status, the HEI’s have reduced 35% emissions at 
the aggregate level, whereas the Bright report estimated that the HEI’s might achieve a 23% reduction. Only 48 HEI’s 
have achieved the target for 43% reduction by 2020. Since 2020 is not operational for the HEI’s (due to pandemic), 
the data till 2018-19 is considered the target year. The data indicates that the HEI’s were slow to adapt to the climate 
change initiatives when the first awareness and regulations started in 2006-2008 [3]. It was also observed that the 
Scope 3 emissions reported by the HEI are the subset of the entire Scope 3 emissions which are mentioned in [4]. 
This is the reason why the Scope 3 emissions were found to be 0.5% of Scope 1 & 2 emissions. Few HEI’s invested 
efforts to calculate the full Scope 3 emissions like Nottingham Trent University and Cambridge University. The result 
shows that the Scope 3 emission is two-third of the total emissions (Scope 1, 2, and 3 combined) [5]. HEFCE must 
find a way to gradually increase the Scope 3 emissions reporting from the HEI’s to understand the full implications.  
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ABSTRACT 

The present work is focusing on the utilization of previously fabricated membrane (synthesized in 3 days as reported 
in our previous work) to study the effect of hydrocarbons and its durability at the previously optimized conditions. 
Subsequently, gas permeation study was conducted on ceramic membranes in CO2 separation from small gas 
molecules present in biogas and it was found that the permeance of CO2, N2, and CH4 decreased in the order of 15 
nm > 200 nm > 6,000 nm, according to the decrease in porosity of the membranes. 

Keywords: Membrane, Pore size, Porosity, Permeance, Biogas 

 
INTRODUCTION 
Over the last few decades, much research has been done on the CO2 separation especially in biogas upgrading to 
biomethane [1]. The presence of CO2 in the biogas reduces the calorific value of the raw gas methane recovery 
during the combustion and other downstream processes [2]. Similarly, the presence of CO2 decreases the heating 
value of natural gas and causes equipment corrosion in the existence of water [3]. Meanwhile, membrane separation 
technology has received much attention in CO2 separation mainly due to its advantages compared to the conventional 
separation technologies [4]. Inorganic membranes are generally favored in the CO2 separation among the membrane 
materials over polymeric membranes due to their specific unique characteristics, including well-specified pores, the 
molecular filtering property, ability to sustain logetivity and wide pore size availability [5, 6]. 

MATERIALS AND METHODS  

The ceramic membrane has been used as received without any modifications and typically made of aluminum oxide, 
titanium oxide, and zirconium oxide which all belong to the group of inorganic materials and are stable under CO2 
and water vapours conditions of biogas. They consisted of three mean pore sizes each namely: 15 nm, 200 nm and 
6,000 nm (Outside Diameter 25 mm 7 cnx, pore diameter = 6 000nm, length: 368 mm, glazed section on either end: 
25 mm, chemical composition: TiO2, thickness - 1st layer TiO2 (0.1-0.2µm), 2nd layer Al2O3 (15nm) respectively. The 
crystallinity and morphology of the membrane were characterized using an X-ray diffractometer (Bruker D8 Advance) 
and field emission scanning electron microscopy (Zeiss Supra 55 VP). Permeation experiments and stability tests 
were conducted for CH4 and CO2 using the flow rig shown in Figure 1. These membranes are to be scaled up for the 
prototype-module for use as the reference base materials. The membrane components were sealed in the proof-of-
concept (PoC)-module and tested under realistic operating conditions of 50 – 100 C and pressure drops of 1 – 5 
bars. Initially, the membrane sample was degassed for at least 16 hours by holding both upstream and downstream 
under vacuum with a series of valves closed and to select a small downstream volume or opened to select a large 
volume. The system leak rate was determined by manipulating a particular valve for at least 1 hour and measuring 
the rate of downstream pressure rise. Next, the upstream was pressurized by enabling the MFCs, opening and/or 
closing specific valves/valve, and placing other desired valves/valve into feedback mode. To ensure steady-state 
conditions, flux measurements were made after waiting a period of at least 60 mins. 
 
RESULTS AND CONCLUSIONS 

Highly permeable membrane materials show chemical instability against CO2 and other landfill gas components. This 
project addresses this challenge by developing highly stable eco-friendly ceramic microporous membranes and a 
proof-of-concept (PoC) module for integrated CO2 capture in landfill will be carried out using the setup shown in 
Figure 1. Results have shown that there is a link between porosity and pores size on membrane permeance (Figure 
2). This important result will enable the investigation of four possible loadings of affinity material on the membrane 
and up to two flow designs using computational fluid dynamics (CFD), finite element method stress analysis (FESA) 
and incorporating various transport mechanisms. After evaluating the advantages and disadvantages of each pore 
size and porosity, we have selected the 200 nm as the most promising one. The new designs will comprise up to two 
asymmetric membranes on opposite side of an interlayer that provide both mechanical stability and flow channels for 
the biogas. The components will be configured in a tubular metal housing forming the permeator. In collaboration 
with our Project collaborators, we will also identify and produce a wide range of materials at the lab scale for high 
throughput and stability. The applications of these type of membranes are wide in range and the team will in the 
future focus the membrane technology demonstration on a microporous CO2 transport mechanisms including surface 
flow that has superior performance regarding high CO2 permeability, infinite methane selectivity, and high thermal, 
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chemical and mechanical stability. Furthermore, our intention is in the development of additional optimised 
membranes using both standard Al2O3 and multiple phase membranes. Highly stable materials that will be identified 
by project partners will also be considered for use with technologies like integrated catalytic membrane reactors for 
producing chemical energy carriers such as ammonia, hydrogen and other aspects of the developing energy 
transition leading to net-zero. In addition to CO2-capture and methane upgrading, this technology can be applied to 
the field of CO2-utilisation, waste destruction or pure gas separation. The deliverables of this project will benefit 
members of the scientific community working on gas separation membranes and other industries in the circular 
economy where carbon capture is important such as fossil power exhaust gas, fossil fuel upgrading in refinery flue 
gas and in iron and steel plants. It will also benefit the wider public through climate change mitigation. 
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Figure 1. Schematic of the laboratory gas permeation 
set up   

Figure 2. Permeance vs membrane pore size and 
porosity at 3 bar at 100 degrees Celsius 
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ABSTRACT  
Crude oil production is still considered a significant contributor to global energy security. To improve oil production, 
gases such as CH4, N2, Air and CO2 are injected into oil reservoirs in a process called gas Enhanced Oil Recovery 
(EOR). Authors have used several engineering, geological and geometrical quantities to characterise oil reservoirs and 
evaluate immiscible gas EOR processes. Viscosity is one of such critical engineering quantities. However, the 
relationships between viscosity and structural parameters, such as porosity, pore size, and aspect ratio, have not been 
directly investigated in the literature. This paper investigated the coupling effect of pressure and structural parameters 
on the apparent viscosity of EOR gases in reservoir pore matrix through rigorous data mining and experimental 
approaches. The data mining analyses demonstrated that EOR reservoirs are characterised by viscosity and porosity. 
The experimental investigation indicated that the viscosity of injected EOR gases increases with pressure and pore 
size, decreases with porosity, and initially decreases before increasing with aspect ratio. The study concluded that 
CO2 is the most influenced by porosity, and CH4 is the least. Furthermore, N2 is the most responsive to pore size and 
aspect ratio, while CH4 is the least responsive. 

Keywords: Viscosity, reservoir characterisation, porosity, pore size, EOR gases 
 

INTRODUCTION 
In Enhanced Oil Recovery (EOR), viscosity is considered the single most important fluid property that lends itself to the 
estimation of other engineering quantities such as pressure drop, displacement velocity, momentum, diffusibility, kinetic 
energy, interfacial tension, capillary number, flowrate, mobility and viscous ratios, [1]. Furthermore, viscosity is featured 
as a critical quantity in all EOR screening models found in the literature [2]. 

The displacement of oil by another fluid involves the interactions between the displacing fluid and oil's viscosities, and 
the interactions with other reservoir properties such as pressure and structural parameters. Gases such as CO2, N2, 
CH4 and Air are some of the fluids injected into oil reservoirs pore to displace trapped oil. Unfortunately, oil is about 100 
times more viscous than these gases [3], and reservoirs are usually structurally heterogeneous.  Therefore, a need to 
understand the interactions. 

Previous authors have sparsely studied the effect of pressure and temperature on fluid’s viscosity in the context of EOR 
gases in reservoir pore matrix. Furthermore, the impact of reservoir structural parameters such as porosity, pore size, 
and aspect ratio on EOR gas viscosity and the consequential effect on gas-oil displacement performance is lacking.  
Consequently, the study aims to characterise the apparent viscosity of reservoirs and subsequently investigate the 
coupling effect of pressure and reservoir structural parameters on the competitiveness of EOR gases. 
 
MATERIALS AND METHODS  
The methodology applied two rigorous empirical approaches: (1) the data mining of field data from 484 EOR projects 
and (2) the analyses of data from gas experiments, comprising five reservoir analogue core samples, four gases, and 
eight isobars. The viscosity, 𝜇, was acquired using gas and radially modified Hagen-Poiseuille equation in Eq. (1). The 
porosities of the respective cores were acquired using Eq. (2). Pore sizes are as stated by the sample's manufacturer.  

𝜇 = −
𝜋ℎ

4Q𝑃2
((𝑃1

2 − 𝑃2
2) (

1

𝑟1
−

1

𝑟2
)⁄ ) (1) 𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 = 1 − (

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦
) (2) 

Where Q is the gas flowrate; 𝑃1and 𝑃2 are the inlet and outlet pressures; and ℎ , 𝑟1and 𝑟2 are the height, inner and 
outer radii of the core sample respectively. 
 
CONCLUSIONS 
The study has contributed to engineering knowledge and reservoir practices as follows: It has been demonstrated 
that EOR technologies and Gas processes are markedly characterised by viscosity (Figure 1a) and slightly 
characterised by porosity (Figure 1b). It is established in Error! Reference source not found.a that CH4 and N2 
EOR processes favour relatively low viscosity reservoirs than Air and CO2 processes. The Coefficient of Variation 
(CV) indicates that N2 has the tightest clusters, suggesting that viscosity may be critical to the applicability and 
performance of N2 EOR processes in a reservoir.  
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The study presented a strong relationship between viscosity and porosity for gas EOR technology, as shown by the 
grey cluster in Figure 1c. This relationship reveals that gas EOR is commonly applied to tight reservoirs. Furthermore, 
the findings from the data mining phase (Figure 1a, b, and c) provided an impetus for designing a gas experiment to 
examine and validate the field application of immiscible gas EOR. 

In the experimental phase, it has been identified that porosity inversely affects apparent viscosity under certain 
conditions of porosity <20% and pressure >1.4bar (Figure 2a). Beyond this threshold, the viscosity becomes self-
sufficient of pressure. Hence any change in porosity and pressure have insignificant or no effect on the apparent 
viscosities of the EOR gases. As porosity approach unity, the gas viscosity for N2, Air, and CO2 approach equality 
except for CH4. By the nature of the respective gas plots in Figure 2a, it can be concluded that CH4 is the least 
competitive in attaining the desirable condition of mobility (<1) mentioned in [4] and favorable apparent viscosity ratio 
(<1) for any coupled pressure and porosity. 

Figure 2b shows that N2 is consistently the most responsive to pore size variation in reservoirs. In contrast, CH4 is 
the least. Their respective thermodynamic properties cannot explain the order of the magnitude of the slopes. 
Figure 2c shows a quadratic relation exists for the apparent viscosity-aspect ratio. Before attaining the aspect ratio 
of 5.00x104, the relationship is inverse but becomes positive after that point. For all isobars, N2 is consistently more 
responsive to aspect ratio than the other gases. In contrast, CH4 is the least responsive. 
Summatively, it is concluded that N2 viscosity responds to reservoir structural parameters than the other EOR gases. 
This information is useful for managing the injection of gases and the displacement of trapped oil in a reservoir with 
structural variation (heterogeneity). 
 

 

 

 
a.  b.  c.  

Figure 1. Showing the viscosity (a) and Porosity (b) characterisation, and the viscosity-porosity relationship (c) of 
EOR reservoirs 

   

 
a.  b.  c.  

Figure 2. Showing the viscosity-porosity (a) viscosity-pore size (b) viscosity-aspect ratio (c) relationships of EOR 
gases. 
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ABSTRACT  

Cost optimisation is a critical subject in energy security, such as in oil recovery and production. The cost characterisation 
of Gas Enhanced Oil Recovery (EOR) has been evaluated using data mining and experimental methods. The underlying 
engineering and economic premise are that the respective gas EOR processes would experience discrimination in 
certain CAPEX and OPEX cost centres, such as injectant fluid, drilling infill wells, and power costs. Several authors 
have examined the cost burden of implementing a gas or have compared two gas performances. However, no literature 
has simultaneously investigated the cost competitiveness of the four (CH4, N2, Air, and CO2) gases commonly used in 
Gas EOR technology. This study has been able to fill this gap with a focus on injectant cost. Field data mining reveals 
that cost and oil price are significant drivers for EOR project initiation. It further shows that EOR reservoirs are 
characterisable by the injected fluid cost. This was coroborated by the experimental outcome. Therefore, it can be stated 
that the experimental results sufficiently validate the data mining results. The coupling of the two sets of results reveals 
the competitiveness of the EOR gases to be stated as: CO2 > N2 > Air > CH4. The competitiveness of CO2 also favours 
Carbon Capture and Storage (CCS). 

Keywords: EOR cost, reservoir characterisation, Injectants, Gas EOR, Gas cost 

 
INTRODUCTION 

Cost is a major consideration in all kinds of energy production. However, crude oil has peculiar CAPEX and OPEX cost 
centres such as injectant, infill well, power, and compressor cost [1]. The common injectants are CH4, N2, Air, and CO2 
gases, and their abilities to enhanced oil recovery are expectedly different [2]. The engineering and economic premise 
proposes that injectant's coupling of effectiveness and efficiency would lead to a recovery and cost discrimination 
amongst the EOR gases. The utility of this analysis is both technical and economical. It would allow decision-makers 
to compare, in advance, their asset capacity to withstand the facility requirements of a proposed gas EOR process and 
the economic feasibility of the cumulative injectant that would be required through the life of the EOR project.  
 
Economic optimization is the definitive aim of EOR engineering management. An example of this is observed in Figure 
3a where EOR projects are sensitive to oil price. It has also been stated to be sensitive to injectant cost, fiscal incentives, 
and complex oil recovery costs [3]. The injectant cost is often treated as a major cost element separate from the OPEX 
by some authors [3,4,5].  
 
Other investigators have established that the oil produced in an EOR process is quantitatively proportional to the volume 
of displacing fluid injected [6]. Therefore, it is expected that the oil recovered and revenue from recovered oil will be 
proportional to the cumulative gas injected and the cost, respectively. Previous authors have studied this topic from a 
limited perspective and a limited number of gases [4]. Few have compared the cost of two EOR processes [5]. However, 
no study has simultaneously compared the cost implication of the four EOR gases commonly encountered in EOR 
processes.  
 
MATERIALS AND METHODS  

The data mining phase analysed 484 EOR projects.  The reservoirs were grouped into CH4, N2, Air, and CO2 ga EOR 
processes. The potential cumulative recoverable oil was estimated using a modified Darcy equation for radial flow and 
the petrophysical parameters and properties of the reservoirs in the respective EOR groups. Then a statistical technique 
was applied to the data in each group to develop a cluster graph. 
 
Core experiments were carried out for CH4, N2, Air, and CO2, using five core samples, varying pressure (20 to 
300KPa), and temperature (293 to 673K) to examine the cumulative gas production profile of the respective gases. 
The results were then applied to the gas-oil production proportionality principle mentioned in [6]  
The optimisation objective is to minimise cumulative injectant cost. 
 
The research used BOC gas pricing quotation for CH4 ($4.5E-05/cm3), N2 ($5.7E-06/cm3), Air ($6.1E-06/cm3), CO2 
($3.4E-06/cm3) as an industry benchmark for making the analysis. The gas price was normalised to the United States 
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Dollars of January 1st, 2021. The competitiveness of the benchmarked unit cost of the EOR gases is, therefore: CO2 > 
N2 > Air > CH4. 
 
CONCLUSIONS 

This study contributes to engineering knowledge and reservoir practices such that it has been identified, through data 
mining and clustering (Figure 3b), that the cumulative injectant cost can characterise gas EOR processes. Air was found 
to be most sensitive to the cumulative injectant cost. The length of the clusters in Figure 3b and the intersects of the 
clusters demonstrate that there may be other factors influencing the cumulative cost of gases.  Nevertheless, the mean 
cumulative injectant cost in Figure 3b indicates that CO2 EOR offers the least cost, while N2 EOR offers the most cost. 
The order of cost competitiveness is, therefore: CO2 >Air > CH4 > N2. 
 
Furthermore, the clusters from the experimental analyses (Figure 3c) indicate that CO2 offers the least cost, while CH4 

offers the most cost. Surprisingly, the cumulative cost of injecting N2 and Air is higher than that of CO2 in both reservoir 
and experimental data. Considering the free availability of Air has been previously mentioned to be a cost opportunity 
for Air EOR projects, it was expected that Air EOR would translate to a comparatively lower injectant cost. However, 
this was not the case with the findings of this study. The study, therefore, speculates that the practical cost of processing 
Air for injection in an oil field may not be as expensive as the BOC quotation. Nevertheless, for theoretical purposes, 
the experimental ranking of the cost competitiveness of EOR gases is, therefore: CO2 > N2 > Air > CH4.  
 
The coupling of the data mining and experimental results shows some similarities and differences. In both phases, CO2 
is ultimately established to offer the least expensive cumulative injectant.  
 
Consequently, without loss of generalisation, it can now be concluded that for a given reservoir suitable for all gas EOR, 
CO2 is the most cost-effective gas to inject. In conclusion, selecting CO2 makes both economic and environmental 
sustainability sense as it supports Carbon Capture and Sequestration/Storage (CCS) in reservoir pores. 
 

  

 

a.  b.  c.  

Figure 3. Showing the historical response of EOR projects initiation to oil price, and invariably to oil revenue (a) 
cumulative gas cost description and characterisation of global EOR reservoirs (b) and experimented EOR gases (c). 
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ABSTRACT  

This research aims at comparing two nanoparticles (Aluminium oxide and zinc oxide) coated ceramic membrane with 
self-cleaning ability for the effectively separation of low concentration (<250mg/L) Oil-in-Water O/W Emulsion. 
Preliminary experiments have been done to determine the morphology and pure water flux of unmodified commercial 
ceramic membrane using Scanning Electron Microscope (SEM) and in-house installed rig separator respectively. An 
uneven pore size with a densely packed image from SEM indicates an increase in flux. Steady pure water permeate 
flux shows possibility of anti-fouling in ceramic membrane. 

Keywords: Oil-in-water emulsion, Nanoparticles, Ceramic membrane, Separation  

INTRODUCTION 

This research proposes the preparation and comparison of two nanoparticles coated ceramic membrane for real 
world industrial application to separate low concentrations of (O/W) emulsions before discharge into the environment. 
The mixture of oil with water from industrial activities creates an emulsion which is now termed as O/W emulsion [1] 
must beet regulatory limit (10 mg/L) before discharge into the environment. Several chemical and physical methods 
have been successfully used for the separation of O/W emulsions; however, the trace amounts of oil (<250 mg/L) 
remain unfiltered in the separated water [2]. Membrane technology has been used to separate low concentration of 
O/W emulsion, yet this comes with a challenge of fouling in the membrane pores, hindering this technology from 
industrial use. Ceramic membranes were carefully chosen as a technique for review in separation of O/W emulsion 
due to their numerous advantage which include mechanical stability, chemical inertness, thermal stability, ability to 
be regenerated, high flux, and compactness in design [3]. This study focuses on the modification and comparison of 
two nanoparticles coated ceramic membrane (Aluminium oxide and Zinc oxide) with self-cleaning ability for the 
separation of <250 mg/L O/W emulsion. The objectives include:  

• The assembling and installation of Rig (separator) for separation of O/W emulsion.  

• Characterization and pure water flux separation is evaluated on unmodified commercial ceramic membrane 
to serve as a reference.  

• Dip coating method is used for the modification of nanoparticles on ceramic membrane. Characterization of 
the modified ceramic membranes to determine pore size, porosity, contact angle, morphology using 
Quantachrome Analyzer, Mathematical model, ThetaLite Contact angle meter and   Field Emission Scanning 
Electron Microscope respectively.  

• Preparation and characterization of O/W emulsion parameters. Determination of flux, % oil rejection and anti-
fouling in modified ceramic membrane is evaluated.  

• Quantitative and qualitative analysis of permeate from modified ceramic membrane using UV-Visible 
Spectrophotometer is measured.  
 

MATERIALS AND METHODS 

The morphology unmodified commercial ceramic membrane was determined by of the membrane was determined by 
the use Zeiss EVO LS10 scanning electron Microscope (SEM). An in-house rig set was installed and used for the pure 
water flux evaluation of the unmodified commercial ceramic membrane. Both outcomes of the experiments serves as 
reference for the characterization and separation using modified nanoparticles ceramic membrane. 
 
Characterization 
Scanning electron microscopy (SEM) is used to characterize the surface of samples by identifying the morphology. The 
electron beam from SEM focuses on a sample and generates high resolution images of the sample. The SEM was 
used to examine support ceramic membrane to detect surface smoothness, cracks, structures, irregularities, and 
thickness. Support ceramic membrane samples were placed firmly on a stub and transferred to the sample carousel of 
the SEM for analysis. The SEM generated images of both outer and inner areas of the unmodified commercial ceramic 
membrane at 500X, 1000X and 3000X magnifications is represented in Fig 1a. 
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Separation 
Using the in-house rig installed (Fig 1b), pure water flux was measured in the unmodified commercial ceramic 
membrane to obtain a steady flow with the following specifications: pressure (1bar), room temperature (200C), time (120 
min), feed flow (50 L/h). The following equation was used to calculate the permeate flux of the pure water where Qp 
(permeate volume - L), A (Membrane Area - m2), t (filtration time – h), Jw (permeate flux – L/m2 h). The perfume flux for 
pure water is over 120 min is illustrated in Fig 1c below. 
 

𝐽𝑤 =  
𝑄𝑝

𝐴 × 𝑡
  

 

          

                  (a)                                                       (b)                                                              (c) 

Fig. 1a. SEM image for unmodified commercial ceramic membrane; Fig. 1b. Schematic diagram of in-house rig set 
up(a-feed tank, b-peristaltic pump, c-membrane module housing ceramic membrane, d-pressure gauge, e & f-
control valves, g-measuring cylinder, h-weighing balance, i-flowmeter) ; Fig. 1c. Permeate flux of pure water in 
unmodified commercial ceramic membrane. 

 
RESULTS AND DISCUSSION 
Oil/water separation is a field of high significance as it has direct practical implications for resolving the problem of 
industrial oily wastewater and other oil/water pollution. Therefore, from the viewpoint of the practical applications and 
reducing the burden on the environment, future studies in this research field must focus on the following aspects: (1) 
fundamental studies, such as mechanisms and theories of special wetting materials for (emulsified) oil/water 
separation, need further development. (2) Based on such fundamental studies, further improvement of super wetting 
structured surfaces, with mechanically stable large-scale separation abilities, high efficiency, recyclability, and long-
term usefulness is necessary. In addition, the development of super wetting at/ smooth surfaces without relying on 
both surface roughening and perfluorinated compounds is also important. Reduction of the environmental burden is 
also highly important for practical applications. (3) Preparation methods of ultrafiltration/adsorption materials showing 
special surface wettability with simple, inexpensive, and suitable for scale-up production must be developed. (4) To 
realize continuous separation of large volumes of oil/water mixture with both high flux and purity, we believe that 
systems will need to consist of (at least) two different meshes/membranes. 
 
CONCLUSIONS 

A preliminary experiment to determine morphology and pure water flux of unmodified commercial ceramic membrane 
was evaluated as a reference for modified nanoparticle ceramic membrane. SEM results indicates a densely packed 
and rough structure with unevenly distributed pore size providing the possibility of increased flux. Indication of a steady 
permeate flux is shown from 45 min implying the possibility of anti-fouling. We hope that this initial study will enhance 
interest for researchers and engineers in this new and existing research field. 
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ABSTRACT  
In this study, the risk of mold and moisture was investigated for buildings external walls depending on six different 
wall types (block bims 1, block bims 2, block bims 3, block bims 4, hollow birck and aerated concrete) and two 
different insulation materials (hemp and aerogel). As insulation thickness, optimum insulation thickness based on life 
cycle total cost analysis and degree-day method was chosen. While calculating the optimum insulation thickness, it 
has been assumed that natural gas, coal and electricity are used in the heating period and electricity is used in the 
cooling period as energy sources. For the reference city Balikesir, the outdoor temperatures are taken as -30C and -
10.50C. Hemp, which is chosen as an insulation material, is a natural insulation material with a partially low cost and 
partially high heat conduction coefficient. Aerogel, on the other hand, is a newly developed technological insulation 
material with a very high cost and a very low heat conduction coefficient. In addition, the temperature difference 
between the indoor environment and the inner wall surface was examined in terms of thermal comfort. 

Keywords: Optimum insulation thickness, moisture and mold risk, hemp insulation, aerogel insulation 

INTRODUCTION 
There are numerous studies in the literature on the risk of mold growth, especially for the exterior walls of buildings. 
Although many studies have been carried out on the optimum insulation thickness, it has been observed that there 
are no studies on the risk of mold and moisture formation of the optimum insulation thickness. Mold and moisture 
risk in the building envelope, such as the external wall, causes deterioration of the properties of the building envelope, 
such as thermal resistance and storage. For mold and moisture risk, the relative humidity of the indoor environment 
should be above 80% and the temperature difference between the indoor environment and the inner wall surface 
should be higher than 3 0C. The aim of the study is to examine the risk of mold and moisture and thermal comfort for 
block bims 1, block bims 2, block bims 3, block bims 4, hollow brick and aerated concrete and external walls with 
hemp and aerogel. Hemp and aerogel insulation materials, which are newly used in the literature, were used as 
insulation materials. It has been assumed that natural gas, coal, and electricity are used in the heating period and 
electricity is used in the cooling period as energy sources. The cost of these two insulation materials (hemp is 100 
$/m3 and aerogel is 730 $/m3) and heat conduction coefficient (hemp 0.04 W/m.K and aerogel 0.014 W/m.K) are very 
different from each other. In the study, calculations were made for the province of Balikesir, which is located in the 
second climate zone, according to the TS 825 Turkish insulation standard. According to the TS 2164 heating system 
standard, it is recommended to design a heating system by accepting the outdoor temperature as -30C for the heating 
period of Balikesir province. In addition, from the long-term data of the General Directorate of Meteorology the lowest 
average outdoor temperature value of Balikesir province is given as -10.50C. For these two temperatures, the risk of 
external wall moisture and mold growth was investigated. A new study has been carried out on the risk of moisture 
and mold growth for the optimum insulation thickness calculated based on two different insulation materials in terms 
of many properties. The risk of mold and moisture is a situation investigated as a result of high partial pressure, 
saturation pressure between the wall layers. In the study, examinations were made about whether the optimum 
insulation thickness, which has not been examined in the literature, is sufficient in terms of preventing mold and 
moisture growth [1-6].   
 
MATERIALS AND METHODS 
For hemp insulation material, the optimum insulation thickness is 0.131 m, which is calculated as a result of hollow 
brick wall material, using electricity during heating and cooling periods. The lowest insulation thickness is 0.016 m, 
calculated as a result of using block bims 4 wall type, natural gas as an energy source in the heating period, and 
electricity in the cooling period. For the aerogel insulation material, the optimum insulation thickness is 0.025 m, 
which is calculated as a result of the hollow brick wall material and the use of electricity during the heating and cooling 
periods. It has been determined that insulation is not necessary as a result of using the block bims 4 wall material, 
natural gas as an energy source in the heating period, and electricity in the cooling period. In Figure 1 optimum 
insulation thicknesses depending on the different external wall types, insulation materials and energy sources are 
given. As an energy source, electricity has a lower calorific value (3,595 106 J/kWh) and a low cost (0.118 $/kWh), 
and its thermal efficiency (99%) is very high. Natural gas has a high lower calorific value (34.485 106 J/m3), a high 
cost (0.385 $/m3), and an average thermal efficiency (93%). Hollow brick wall material has the highest heat 
conduction coefficient (0.450 W/m.K) but the lowest thickness (0.135 m). Block bims 4 wall material, on the contrary, 
has the lowest heat conduction coefficient (0.150 W/m.K) but the highest thickness (0.250 m). The cost of aerogel 
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insulation material is very high. This affects the insulation thickness. As a result of the use of hemp as insulation 
material for the outdoor temperature (-3) 0C and electricity as an energy source in the heating and cooling period, 
the temperature difference between the indoor environment and the inner wall surface is the lowest value at 1.472 
0C. This temperature difference is the most suitable situation in terms of thermal comfort in buildings. The highest 
value is 3.795 0C, calculated as a result of the use of aerogel as insulation material and electricity as an energy 
source in the heating and cooling period. This temperature difference is also unsuitable in terms of thermal comfort 
in buildings. It should be examined in terms of mold and moisture risk. As a result of the use of hemp as insulation 
material for the outdoor temperature (-10.5) 0C and electricity as an energy source in the heating and cooling period, 
the temperature difference between the indoor environment and the inner wall surface is the lowest with 1.952 0C. 
This temperature difference is suitable for thermal comfort in buildings. The highest value is 5.023 0C, which is 
calculated as a result of using aerogel insulation material and natural gas as an energy source in the heating period 
and electricity in the cooling period. This temperature difference is also an unsuitable situation in terms of thermal 
comfort in buildings. It should be examined in terms of mold and moisture risk.  
 

 
Fig. 1. Optimum insulation thicknesses depending on the different external wall types, insulation materials and 

energy sources 
 
CONCLUSIONS 

It has been determined that partial pressure is higher than saturation pressure depending on the 80% indoor relative 
humidity for the temperature values calculated as a result of using aerogel insulation material for the outdoor 
temperature (-3) 0C, using natural gas as an energy source in the heating period and electricity in the cooling period 
thus there is a risk of mold and moisture growth. For the outdoor temperature (-10.5) 0C, for the temperature values 
calculated as a result of firstly the use of aerogel insulation material and natural gas as an energy source in the 
heating period and electricity in the cooling period, and secondly the use of aerogel insulation material and coal as 
an energy source in the heating period and electricity in the cooling period. The partial pressure has been found to 
be greater than the saturation pressure and there is a risk of mold and moisture formation. The amount of moisture 
to be formed will be given in detail. In particular, mold and moisture risk are observed as a result of the use of aerogel 
insulation material on the outer wall. The reason for this is that the price of the insulation material is very high, so a 
very low optimum insulation thickness has been calculated. This thickness is not sufficient to prevent the risk of mold 
and moisture in the external wall structure. In future studies, mold and moisture content examinations will be carried 
out to include wood-derived exterior walls and different insulation materials with much higher moisture and mold 
content. 
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ABSTRACT  

Biocoal produced from red pine wood chips was co-combusted with Soma lignite in a circulating fluidized bed combustor 
(CFBC) system. The thermal capacity of the combustor was 30 kW, and the temperature was held at 850+50°C. Both 
air and oxygen enriched air was used during combustion tests of different ratios of lignite and biocoal mixtures. A screw 
type torrefaction system was used under 300 degrees C and 30 minutes to produce biocoal from red pine wood chips. 
The ratio of the fuel mixture was increased up to 50% by wt. Successful combustion was carried out with 50%/50% 
mixture of coal and biocoal. Keeping oxygen concentration in the oxidant between 21-28% by volume. The results of 
combustion tests showed that biochar can be a good additive to lignite coal to reduce SO2, CO and N2O flue gas 
emissions. Addition of oxygen to air increased the combustion efficiency and reduced CO emissions. Since biocoal 
does not have sulfur in it, replacement of coal with biocoal significantly reduced SO2 emissions.  However, emissions 
of NOx increased with high oxygen concentrations and high levels of biocoal addition.  

Keywords: Biocoal, Oxygen enriched combustion, Emissions 
 
INTRODUCTION 

The General Directorate of Forestry (GDF) estimates that Turkey has an annual sustainable forest residue potential 
of five to seven million tons [1].  It is crucial that these forest residues be converted to combustible solid fuels.  
However, conventional combustion technologies cannot be effectively used to fufill the energy demands of the 
country. We are challenged to use wood biomass in general as a fuel for combustion / co-combustion systems because 
of its fuel properties compared to lignite [2]. To this end, the use of biomass with coal in power plants has its own 
limitations. For this reason, biomass and coal are not often used together in power plants. Torrefaction is a method that 
can be used to eliminate / reduce all these negative effects. Biomass co-firing also has the potential to reduce emissions 
[3]. Previous studies have widely proposed and reported on the use of biomass blends as feedstock in the oxy-
combustion process [1]. However, there are very limited pilot studies on the use of biocoal mixtures as a raw material 
in oxygen combustion processes [4,5]. None of these studies has performed an oxy-combustion study of biocoal 
mixtures to further evaluate its properties as a potential solid fuel. 

In this research torrefied pinewood chips were used for co-combustion with lignite. Detailed information about the 
torrefaction system is given elsewhere [6,7]. The purpose of this study is two-fold: Firstly, to use torrefied biomass 
(biocoal) with a lignitic coal for co-combustion, so that the emissions can be lowered as compared to the combustion of 
lignite coal alone in a power plant for energy generation. Secondly, to use oxy-fuel combustion system to produce a 
flue gas consisting of CO2 and H2O vapor, so that CO2 in the flue gas can be captured with a CCS technology.   

 
MATERIALS AND METHODS  

Biocoal and Soma lignite were used as fuels for this study. Biocoal was prepared by torrefaction of red pine wood chips 
in a laboratory scale torrefaction system under nitrogen atmosphere at 300°C for 30 min. The details of the system is 
given in [6,7].  
 
Experimental system and procedure  
The experimental system used in this study is a pilot scale CFBC system consisting of feeder, combustor reactor, 
cyclones, down comer, return leg, primary and secondary air feeding systems, combustor heaters, ash hoppers, a flue 
gas cooling system, a bag filter and chimney [3,8].  
 
RESULTS AND DISCUSSION 

First of all, soma lignite was combusted alone in air and in the oxygen enriched atmosphere to see its combustion 
behaviour. The average bed temperature increased as the oxygen concentration levels increased in the experiments. 
The emissions of major pollutants (CO, NO, and SO2) are considered in this study. CO emission is an indication of 
non-complete combustion. Therefore, as the oxygen concentration in the combustion air increases, CO concentration 
in the flue gas decreases due to better combustion with plenty of oxygen (Figure 1a). In contrary to CO emissions, 
as the oxygen concentration in the combustion air and biocoal amount in the fuel mixture increases, CO2 emissions 
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increase as explained in CO emissions due to better combustion (Figure 1b). The results show It is the increase in 
the proportion of biocoal in the fuel composition that results in higher NOx emissions, although the nitrogen content 
of biochar (0.63% by weight) is lower than the amount of nitrogen present in lignite (0.84% by weight) (Figure 1c). 
when the oxygen concentration in the combustion air increases, the combustion efficiency also increases to 98.5% 
for oxygen concentration of 28% with better combustion (Figure 1d). 

    
                   a)                                           b)                                           c)                                          d) 

Fig. 1.  Effect of O2 concentration on a) CO emissions, b) flue gas CO2 concentration, c) NOx emission and d) 
combustion efficiencies 

CONCLUSIONS 

Oxygen enrichment decreased the CO formation and increased CO2 concentration in all cases of combustion, either 
coal alone or with coal + biocoal, due to better combustion. As the share of the biocoal in the fuel mixture increased, 
emission of CO for the Soma lignite decreased. The highest CO emission was obtained with Soma lignite alone, while 
the CO emission decreased as the biocoal additive increased. In addition to decreased CO emission, the combustion 
efficiency increased with biocoal addition. As the oxygen content increased along with the addition of biocoal, Soma 
showed a faster increase in CO2 concentration as well as the combustion efficiency. 
Enriching oxygen concentration in air with O2 up to 28%, increased NOx emissions by promoting Fuel-N conversion in 
the temperature range of this study, and partly by promoting the Thermal-NOx formation. Higher biocoal share in the 
fuel blend caused lower SO2 emissions primarily due to the low S content of biocoal.  
When Orhaneli and Soma lignites are compared, more NOx formation takes place in Orhaneli case than Soma case 
with increase of oxygen in combustion air. With the addition of biocoal to these lignites, NOx formation increased in both 
cases. Therefore, we may expect the synergistic effect can be attributed to the high alkaline and the earth alkaline metal 
oxide content of the biocoal as well as some formation of Thermal-NOx in addition to Fuel-NOx. However, this is for 
sure that co-combustion of Soma lignite with biocoal is a very good option to give support to a low-quality coal. 
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ABSTRACT 
Significant innovations in technology and progressing use the renewable energy sources (RES) reinforce the demand 
for the sustainable, continuous, and abundant supply of energy to every consumer. As an emerging technology, 
blockchain promises to provide temper proof, secure, transparent, and decentralised energy trading mechanisms 
that help provide sustainable environmental solutions by the circulating economy to empower consumers and 
prosumers. The rapid development of blockchain technology has gained interest from energy start-ups, innovation 
developers, finance suppliers, academic institutions and government. This study outlines the potential significance, 
benefits and application of blockchain technology and analyses how Pakistan can integrate blockchain technology 
into its distribution system to cope with current challenges. After a detailed discussion of Pakistan's current financial 
position, digital market structure, energy policy and technology situation for the implication of blockchain technology, 
the Photographic Geographical Information System (PVGIS-5) database tool is used to estimate solar power 
generation capacity from the prosumer community in potential areas of the country like Baluchistan province. Then 
introduces a street scenario about domestic power generation and blockchain-based distribution into Pakistan's 
energy sector like the Brooklyn energy system by regulating laws, revising energy policies and suitable development 
subsidies. 

Keywords: Electrification, Digitalization, Decentralising, Blockchain technology, Renewable energy. 

INTRODUCTION 

First of all, we provided an insight into the growing need for renewable energy at the global level due to continuously 
increasing industrialization and technology-dependent lifestyle (Electrification). The clean & green, secure and 
substantial amount of energy has become the foremost requirement of the time. A lot of smart and innovative 
initiatives and strategies are formulated from time to time to cope with energy challenges, so blockchain is one of 
those technologies. Background information related to the simplified technical structure of blockchain technology, 
with its core function, is explained in this research [1]. Blockchain is a game-changer technology with diverse 
applications in various grey areas, having several built-in essential features that can augment several traditional and 
imminent applications in the energy sector [2] Blockchain has enormous energy system applications due to its socio-
economic and consumer-centric influences. Blockchain can reinforce three significant energy trends digitalisation, 
decarbonisation and electrification. 

Secondly, we discussed an in-depth understanding of blockchain technology infrastructure and its practical 
importance, the general classification of its implementation areas and its overall application scenarios. Potential 
attributes and aspects in which blockchain technology might affect the operation and management of the energy 
system are resource sharing, transparency, billing, competitive nature, trading, market estimation, automatic control, 
grid management, swift communication & data transfer and so on [3]. Third, we focused mainly on blockchain 
technology in the energy sector and highlight its potential attributes to the energy sector. Then we review practical 
used case applications of blockchain technology in the energy sector in the world and contoured global experience 
for the development of blockchain technology in Pakistan's energy sector. Fourth, we discussed in detail Pakistan's 
current energy generation, transmission and distribution system, demand and supply structure, digital market 
situation and outlined position and adoption potential of blockchain technology in Pakistan's energy sector. Then with 
the help of the PVGIS-5 database tool, we identified the most suitable peripheral area of the country, Baluchistan 
province. The applicable scenario is suggested with real-time implementation strategies. Finally, we analysed barriers 
related to the implementation of blockchain technology with facts and figures, clarify its function mechanism, and 
make an in-depth discussion on possible ways, current risks, and future scope of integration of blockchain technology 
into Pakistan's energy sector. 

CONCLUSION AND POLICY IMPLICATIONS 

Integration of blockchain into the energy market enhances its capabilities into the main six dimensions: economic 
gadgets, reliable governance, deft environment, more mobility, effective dwelling, and smart human being. Keeping 
in view all outstanding feature of blockchain, we attempted to suggest its integration in Pakistan's energy sector, 
especially for the development and electrification of the rural areas. Currently, the country's centralised energy 
system faces many challenges that might be addressed and alleviated by blockchain technology. Presently all 
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circumstances like the growing use of renewable sources, promotion of distributed power generation, sustainable 
development goals, circular economy, secure and error-free energy transactions procedure are in favour of the 
successful implementation of blockchain technology in the energy sector, similar to health, finance, market, 
agriculture and many more sectors. Apart from its development into various sectors, blockchain technology in the 
energy sector is still in the exploratory phase. However, the major barrier is not just technology but maybe the energy 
policy.  

PVGIS-5 is used to calculate the monthly PV energy and solar irradiation for the Baluchistan province. However, 
211.4 kWh/m2 average monthly sum of global irradiation per square meter received by the modules of the given 
system is quite suitable for local power generation. So, an implementation strategy like the Brooklyn energy system 
is proposed for decentralised domestic power project with detailed site allocation according to demand. Hence this 
study paved the way towards new sustainable development of RES in Pakistan. Hopefully, this case study provides 
considerable room for developers to explore this research domain and encourage the implementation of local energy 
generation and decentralised distribution to gain a double advantage. However, such the latest smart technologies 
are not common in practice, not just in Pakistan but around the globe. Few suggestions for Pakistan's energy system 
development are provided after a detailed analysis of current facts and figures. 

• Policy: presently outdated system governs the energy sector, which does not seem to encourage 

blockchain technology in the energy sector. So, policies should be revised, more flexible rules for 

certifications and licenses should be regularised.  

• Individual production: license provision system should be more prompt and simplified. Distributed power 

generation should be promoted to adjust the domestic energy need by mutual power assistance among 

household users.  

• Institutional framework: government should support educational framework and research institutions to 

focus on relevant research. Domestic talent should train and upgrade to cope with real-time problems and 

their ultimate solutions. 

• Incentive mechanism: current practices are not perfect to attract new users. More subsidies should 

provide to encourage new investors. Relevant regulation should be more convenient. 

• Management: energy management system itself should be simple as well as improved and efficient.  
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ABSTRACT 

The roof is the surface most exposed to solar radiation in a home; therefore, evaluating the thermal performance of 
different roofing technologies can significantly improve the building's thermo-energetic behavior. This work presents 
an experimental study that analyzes the thermal behavior of a single-family home that modifies the roof surface 
properties. Comparison of the thermal performance of the house is made under two roof solutions: (i) base case 
presents an albedo of 0.49 and thermal emissivity of 0.25; (ii) optimized case presents a cladding with smart 
technology that incorporates bituminous gas microspheres to its composition in addition to being a material with cool 
characteristics, the albedo of 0.85 and thermal emissivity of 0.90. During the evaluated summer period, the optimized 
roof solution shows a more efficient thermal performance than the base roof. Optimized roof achieves drops of up to 
18°C in the outdoor surface temperature and up to 5°C in the indoor surface temperature, while the indoor air 
temperature goes down to 3°C. 
 
Keywords: Building performance; Cool roof; Surface temperature; Indoor air temperature.  
 
INTRODUCTION 

In the21st century, environmental and energy problems became more evident, which led to a greater interest in the 
international academy in investigating the scope, limitations, and potential of different construction materials as a 
measure of adaptation and mitigation of cities to the growing global warming [1].  

It is known that buildings consume a large amount of energy throughout their useful life, from the manufacture of raw 
materials to their demolition. However, the use and maintenance (or operational) stage is the one with the greatest 
energy impact. In a building with a useful life of 50 years and an annual energy consumption of 50 kWh / year, 
operational consumption represents 83% of the total energy consumed by the building during its entire useful life. In 
response to this, the construction materials industry is directing its technological efforts to the development of smart 
materials through the incorporation of nanotechnology to increase their thermal and optical characteristics. 

The application of cool materials - high albedo (â) and high thermal emissivity () -on surfaces of roofs, walls, streets 
are at the forefront of building energy-saving techniques [2] and urban cooling [3]. Numerous theoretical models and 
field studies have quantified the benefits of such measures, including emission reductions and improvements in air 
quality and mitigation of the urban heat island effect [4]. 

The roof is the surface most exposed to solar radiation in a home, therefore evaluating the thermal performance of 
different roofing technologies can significantly improve the building's thermo-energetic behaviour [5,6]. This research 
presents an experimental study that analyzes the thermal behavior of a single-family home that modifies the surface 
properties (â and ε) of its roof. Comparison of the thermal performance of the house is made under two roof solutions: 

base and optimized (Figure 1) 

BASE ROOF OPTIMIZED ROOF 

 
 

 

Figure 1. Base roof with aluminum membrane and optimized with smart cladding. 
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EXPERIMENTAL STUDY 

The sample unit studied corresponds to a type of social housing, with a compact and attached floor plan and with an 
east-west orientation, located in the city of Mendoza, Argentina (lat 32°54' 55"S, lon 68° 52' 19 "W). Base roof is 
made of a 3 mm aluminum membrane; 10 mm lightened mortar; 50 mm expanded polystyrene; pinewood boards ¾” 

(U-value = 0.55 W/m2K), the wall is uninsulated brick (U-value= 2.08 W/m2K). Base roof presents an â=0.49 and  = 
0.25. The optimized roof presents a cladding with smart technology that incorporates bituminous gas microspheres 
to its composition in addition to being a material with cool characteristics (â =0.85 and ε= 0.90). 

The thermal monitoring of the house was carried out from January 1 to 30, 2021. The environmental characteristics 
of the measurement days were recorded with a mobile meteorological station type ONSET Weather HOBO®, model 
H21 -001. Three points of the house were monitored: (i) outdoor surface temperature of the roof (Tso), with a data 
logger type Onset HOBO® UX120; (ii) roof indoor surface temperature (Tsi), with LASCAR® EL-USB-TC type data 
loggers; and (iii) indoor air temperature (Tai), with data logger type Onset HOBO® H08-003-02. Table 1 describes 
the thermal ranges monitored during the test. 

Table 1. Thermal behavior of houses with base roof (left) and optimized (right). Indoor air temperature (Tai), indoor 
surface temperature (Tsi) and outdoor (Tso). 

 
Statistics 

Base Roof Optimized Roof 

Tai (°C)  Tso (°C)  Tsi (°C)  Tai (°C)  Tso (°C)  Tsi (°C)  

Mean 29.9 34.1 31.1 28.1 25.4 27.5 

Max 33 57.5 37 30.1 39.3 32 

Min 26.2 17.5 25 25.7 12.6 22.5 

 
CONCLUSIONS  

During the tested summer period, the optimized roof solution shows a more efficient thermal performance than the 
base roof. The innovative cladding achieves drops of up to 18°C in the Tso and up to 5°C in the Tsi of the inner wood 
ceiling. The Tai drops to 3°C, this indoor reduction could improve the comfort conditions of homes without additional 
conditioning, or optimize the efficiency of air conditioning equipment, causing large savings in energy consumption 
for refrigeration. In future work, it is planned to develop a theoretical model through software building energy 
simulation to calculate the annual balance of the application of this technology, considering the benefits in summer 
and the penalties in winter. 
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ABSTRACT  

In this study, thermoelectric coolers (TECs) were used as heat pumps to improve the performance of a solar air heating 
system. Outdoor tests were carried out on two solar air collectors, one without TEC and the other with four TECs (model 
TEC1-12706) attached at the back of the absorber plate. The TECs were powered by a 40Wp mono-Si PV module to 
pump heat from the absorber plate in the collector. The heat collected and the energy conversion efficiency of the 
systems were analyzed and compared. The results showed that the performance of the solar air heater was improved 
by the incorporation of TE heat pumping. The heat collection and energy efficiency of the solar air heater were improved 
by 22.02% and 66.7%, respectively when TE heat pumping is applied.  

Keywords: Solar air heating, Thermoelectric cooler, Heat pumping, Energy efficiency  

 
INTRODUCTION 

Combining solar energy conversion technologies considerably increases the systems output compared to standalone 
solar energy conversion technologies [1]. Thermoelectric modules (TEMs) can be combined with solar conversion 
systems to improve energy production. TE generators can be attached at the back of the PV module to convert the 
temperature difference between the PV module and the air into electricity and improve the system power output by 
up to 15% [2, 3]. Also, thermoelectric coolers (TEC) can be powered by PV modules to perform heating/cooling. This 
leads to reduction in size, easy mobility, etc. [4,5].  
 
In this paper, a novel approach of improving the thermal performance of SAHs has been investigated experimentally. 
TE heat pumping having been proven as a substantial means of improving the performance of heating/cooling 
systems, no work, to date, is known to report TE heat extraction from the absorber plate in solar air heaters. 
 
MATERIALS AND METHODS                                                                            Table 1. TE-SAH materials 

The energy output of a 40Wp PV module was used to power four 
TECs (TEC1-12706) attached at the rear side of the absorber plate 
in a thermal collector adjacent to the PV module. The specifications 
of the different components of the solar air heater are presented in 
Table 1. The experimental setup is shown in Fig. 1. Figure 2 shows 
the TECs attached at the back of the absorber plate in a cross-
sectional view of the TE heat pumping solar air heater (TE-SAH), 
with heat sinks for effective dissipation of the heat.   
 
 

 

 

                 Figure 4. Experimental setup                                              Figure 5. Cross-sectional view of TE-SAH 

Designation Specifications 

Casing Wood 

Absorber plate Steel; 430*430*2mm 

Insulation Polystyrene; 20mm thick 

TE module TEC1-12706; 40*40*4.2 mm 

PV module Mono-Si 40Wp 
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A reference prototype of the SAH, without any TEC was built in parallel to the TE-SAH to compare the thermal energy 
production (Eq. (1) and Eq. (2)) and the thermal energy efficiency (Eq. (3) and Eq. (4)). Experimental data were collected 
on the two prototypes at the same location (Nsukka, 6:8429ºN; 7:3733ºE. Nigeria). 
 
𝑄𝑢 = �̇�𝑐(𝑇𝑜𝑢𝑡 − 𝑇𝑖𝑛)   (W)                                                                                                       (1) 

𝑄𝑢−𝑐𝑢𝑚 = ∫�̇�𝑐(𝑇𝑜𝑢𝑡 − 𝑇𝑖𝑛) 𝑑𝑡                 (J)                                                                                                        (2) 

ղ𝑡ℎ =
𝑄𝑢

𝑆 𝐴𝑐
= 

�̇�𝑐(𝑇𝑜𝑢𝑡− 𝑇𝑖𝑛) 

𝑆 𝐴𝑐
∗ 100%                                                    (3)   

ղ𝑐𝑢𝑚 =
∫𝑄𝑢 𝑑𝑡

∫ 𝑆 𝐴𝑐 𝑑𝑡
= 

∫ �̇�𝑐(𝑇𝑜𝑢𝑡− 𝑇𝑖𝑛) 

∫ 𝑆 𝐴𝑐
∗ 100%                                               (4) 

 
where 𝑄𝑢 is the heat gain (W), �̇� is the air flow rate (kg/s), 𝑐 is the heat capacity of air (J/kg K), 𝑇𝑜𝑢𝑡 and 𝑇𝑖𝑛 are the 
outlet and inlet air temperature (K), respectively, 𝑆 is the solar irradiance (W/m2), 𝐴𝑐 is the absorbing surface of the 

collector (m2), ղ𝑡ℎ and ղ𝑐𝑢𝑚 are the instantaneous and cumulative energy efficiency, respectively.  
 
CONCLUSIONS 

The outlet air temperature in the TE heat pumping solar air heater was higher than that in the reference solar air heater, 
though the intensity of the irradiance onto the reference SAH was higher than that onto the TE heat pumping SAH. The 
cumulative thermal energy of the collector was 463.43 kJ higher in the TE-SAH than in the reference SAH, representing 
an increase of 22.02% by application of TE heat pumping (Fig. 3a). The energy efficiency of the TE heat pumping solar 
air heater was 46.73%, 66.73% higher than that of the conventional solar air heater which achieved an energy efficiency 
of 28.03% (Fig. 3b). The performance of the TE heat pumping is also affected by the power input to the TECs which 
was directly dependent on the PV electrical energy output. Improvement of this system could be achieved by the use 
of a PV module of higher electrical output, hence higher power input to the TECs.  
 

 
                                               (a)                                                                                            (b) 

Figure 6. Performance of the SAH (a) Cumulative heat gain (b) Average efficiency 
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ABSTRACT 
This paper deals with the R&D of energy-efficient hybrid power systems for North India rural villages. The demand 
for energy in India is increasing because of the growing number of people and industries in society day by day. Over 
the years, meeting this demand has been a significant burden for utility providers. In the northern part of India, most 
of the rural villages need electricity. To solve this issue, one of the solutions is to implement a hybrid power system. 
The design and cost evaluation of the hybrid power system for the north India region is developed using Hybrid 
Optimization Model for Electrical Renewable (HOMER). HOMER replicates a system's functioning for the region by 
performing energy balance calculations at each time step (interval) throughout the year, with this Capital cost, 
operation, and maintenance cost, replacement cost, fuel cost, and interest are all factored into the system cost 
estimates. Through these various analyses, the proper design and cost evaluation of the hybrid system for the specific 
region were elaborated. The design of a hybrid power system is based on the peak load and load curve of the region. 
This research examines different renewable energy sources combinations for the specific region in north India, which 
may be used to provide a reliable and consistent supply of electricity. 
 
Keywords: Hybrid power system, Cost analysis, Design, Renewable energy sources 
 
INTRODUCTION 
Energy is becoming necessary for increasing income and improving living quality for people regardless of where they 
are living. As per the statistics, still rural villages in India are not fully electrified and on the other side, carbon 
emissions are increasing day by day in India. So, to balance these two factors, the installation of a hybrid system is 
much essential. North Indian regions are a cluster of mountains, rivers, deserts, and forests. It is much difficult to 
connect a grid to every place, for that off-grid is one of the solutions. Off-grid hybrid systems have been drawing 
attention as a means of supplying power to rural regions in all aspects, including reliability, sustainability, and 
environmental protection, particularly for people living in remote places where grid extension is not feasible. In a 
hybrid power system, there are many combinations of potential resources, these systems will be developed with 
different renewable energy technologies such as PV, wind and battery, PV, biomass, and battery, etc... concerning 
the analysis, the best combination will be selected. Apart from local conditions, economic and financial 
considerations, the choice of which energy technology or combination of technologies to use for rural electrification 
is typically based on the number of people, number of houses, equipment usage, and considering various factors 
about the village. The main objective of this study is to utilize the renewable energy potential of the rural region by 
setting up a hybrid power system to provide an uninterrupted power supply. These technologies will entice investors 
and provide extra employment opportunities in the community. It will also produce revenue for the village's residents. 
 
METHODOLOGY 
The Hybrid energy system is fully designed with cost analysis in Hybrid Optimization Model for Electrical Renewable 
(HOMER) software. Firstly, a specific rural region will be selected, and a complete case study of the village will be 
done. The case study mainly focused on the number of people, number of houses, energy usage by each house, 
electricity rate, and renewable potential. After this analysis, we can decide the hybrid power system for the rural 
region according to their energy needs and the peak load of the village. In this study, two different combinations of 
the hybrid power system will be selected for the same region and analyse completely concerning the design, load, 
and cost. Finally, we can optimize the system with various factors and choose the best option for the specific rural 
region. In this way, the village has two different fully developed hybrid power system models. In the future or now, 
we can use both the design to another location by varying few important factors with regards to climatic conditions. 
 
CONCLUSION 
For developing countries like India, electrifying rural regions are and will continue to be a challenging task. Hybridizing 
renewable energy technology can provide long-term solutions to meet the country's energy needs. Renewable hybrid 
schemes are currently not financially competitive when compared to traditional fuel-fired facilities and grid-connected 
power systems. But Indian government providing a lot of subsidies to encourage implementation of renewable energy 
technology. Nonetheless, the need for environmental protection, as well as the current living standards of rural 
communities and the rising price of oil on the global market, have compelled the development of wise solutions that 
are environmentally friendly technologies, this brings renewable energy technologies on the cutting edge. In this 
study, the main finding is to be how the rural villages can use their energy potential and electrified without any grid 
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supply. The optimum combinations of hybrid systems could be defined based on thermal and economic factors 
analysis.  
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ABSTRACT 

Energy storage technologies enable the ability to tackle the case of intermittency on the transmission of energy from an 
energy source by accumulating excess energy, which will be used when required. The concept itself holds many 
alternative storage technologies such as mechanical, electrical, electrochemical, chemical, and thermal [1]. Considering 
a selection problem for the most appropriate storage technology should be considered in a multicriteria evaluation 
perspective, and it should be designed based on a decision-making hierarchy, which involves many conflicting criteria 
that can be classified as containing qualitative and quantitative data. Moreover, the qualitative criteria assessments 
involve types of uncertainty such as impreciseness and/or hesitancy since the source of data is directly related to the 
expert knowledge and experience. So, some methods also should be inserted to overcome the uncertainties of the 
decision process. In this study, a novel methodology consists of the DEMATEL technique, and the cognitive mapping 
method is introduced to cope with the mentioned issues by extending it with z-numbers. Since the determining criteria 
may depend on each other, the DEMATEL technique is applied to reveal their relationship. Based on the obtained 
relationship diagram, the weight matrix for the cognitive map is constructed. Through the constructed weight matrix, the 
importance of each criterion has been calculated. We believe that the proposed decision-making methodology can be 
an efficient tool for prioritizing the energy storage technology criteria by considering both qualitative and quantitative 
data and promises results for the researchers or managers that can make inferences and valuable decisions for their 
systems based on the outputs. 

Keywords: Energy storage, Z-numbers, Decision-making, DEMATEL, Cognitive mapping 

 

INTRODUCTION 

Since all kinds of energy sources are key elements for sustainable development for the countries, increment in energy 
demand and supply are the vital problems due to mass industrialization and exponential increase of the humankind 
population. On the other hand, as an energy alternative, non-renewable energy sources have significantly impacted 
humans and other living beings since their greenhouse gas emissions. Through that, renewable energy sources have 
been preferred as the primary sources of power by optimizing impacts to nature and energy supplements. 

Renewable energy sources are the energy sources that may have intermittency during the transmission and 
characteristically stochastic processes [2]. Due to these uncertainties, it is hard to fulfill the required energy only from 
renewable energy since there should be a backup system to handle in case of an intermittency situation. As an 
alternative solution, energy storage technologies can be an efficient solution for this problem since they enable storing 
the excess energy and can operate it in case of need.  

When the literature is briefly reviewed, it is seen that many studies are conducted to prioritize energy storage alternatives 
with a comprehensively constructed decision-making hierarchy. Most of the studies applied multi-criteria decision-
making (MCDM) methods to obtain meaningful solutions [2-5]. Since the primary objective is to determine the most 
appropriate energy storage technology, they assume that the constructed decision-making framework consists of 
criteria, which are assessed independently from each other. This study mainly focused on criteria relationships with 
each other and their effect on criteria's importance. Through that, the decision-making context, which Çolak and Kaya 
[2] constructed, is considered for the evaluation process in a new decision-making perspective based on z-numbers. 

For this aim, a two-phased methodology consists of decision-making trial and evaluation laboratory (DEMATEL) 
technique and cognitive mapping method is suggested during the evaluation process. Moreover, since the evaluation 
process contains both qualitative and quantitative data, z-numbers are conducted to extend the methodology to consider 
both impreciseness in the data and the decision-makers' decisions' reliability or hesitancy of decision-makers. The z-
number fuzzy DEMATEL technique is applied to demonstrate the relations of the considered criteria. Then, the z-
number fuzzy cognitive map method is used to obtain the importance of the criteria.  

METHODOLOGY 

In this paper, an integrated decision-making methodology consisting of the z-number fuzzy DEMATEL technique and 
z-number fuzzy cognitive mapping method is suggested to determine the importance of energy storage technology 
criteria by considering their casual relations. The flowchart of the suggested methodology for causal investigation of 
energy storage technology criteria is given in Figure 1. The considered evaluation hierarchy is also given in Figure 2. 
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Figure 1. Flowchart of the suggested methodology 
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C32-Air and water pollution
C33-Ecological impact
C34-Resource consumption
C35-Land disruption

C41-Social acceptance
C42-Political acceptance
C43-Job creation
C44-Government incentive
C45-Health and safety

Considered decision-making 
structure for the evaluation process

 

Figure 2. Considered decision-making structure for the problem [2] 

CONCLUSIONS 

In this paper, a preliminary study for the causal investigation of the energy storage technology criteria is considered. 
Through the analyses, it is aimed to find the answers to the following questions: (i) How could we calculate the 
interdependency weights of the identified main-criteria and sub-criteria by considering their possible influences on one 
another? (ii) How could build up a cause-and-effect relationship diagram illustrating the criticality of main-criteria and 
sub-criteria within the constructed system? (iii) What are the main-criteria and sub-criteria of more criticality, which 
demands careful attention by the concerned decision-makers?  

Based on the ability to respond to the above questions, we believe that our proposed methodology can be used as a 
decision-making tool by the decision-makers or experts to make valuable inferences, assessments, and decisions to 
evaluate the energy storage technologies. 

For further study, the considered decision-making structure can be extended by involving criteria such as related with 
national level importance, and cognitive functionality of the system. Moreover, after determining the importance of the 
criteria, the alternative energy storage technologies can be prioritized by using the z-number fuzzy TOPSIS method. 
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ABSTRACT  

In this study, a multiple deep learning (DL) model-based classification methods using the modified Weighted Majority 
Voting (WMV) mechanism is proposed to classify complex PQDs in a hydrogen energy-based microgrid. Three 
different deep neural network models are investigated for the classification of PQDs: (1) Deep Convolutional Neural 
Network, (2) Deep Long Short Time Memory (DLSTM), and (3) DCNN-DLSTM. WMV method’s weights were 
selected with an alternative method based on validation data set accuracy results. Existing machine learning (ML) 
methods are compared with the DL-WMV method under noisy and noise-free conditions. Results show that the 
combination of deep learning methods with the WMV method has the best accuracy rate. The classification accuracy 
under low-level noise and high-level noise conditions is 99.25% and 98.05%, respectively. The results also show that 
DL-WMV provides reliable and easily usable results in diagnosing PQDs in hydrogen energy-based microgrids. 

Keywords: Deep Learning; Weighted Majority Voting; Power Quality Disturbances; Hydrogen Energy; Microgrid 

 
INTRODUCTION 

The power quality (PQ) has become a subject of interest for reasons such as the increase of nonlinear industrial 
loads and hydrogen energy-based microgrids, electrical vehicle (EV) charge stations, the spread of distributed 
generators (DGs), and microgrid structures, which are the main component of smart grid structures [1]. Traditionally, 
PQDs are classified by effective value conversion, harmonic analysis using Fourier transform (FT) [2], and visual 
inspection based on event waveform. It is decision-making based on operator knowledge and experience. Besides, 
intelligent automated methods can be developed to detect, identify, and analyze various disturbances with the 
enormous amount of data acquired in the field. In previous studies, automatic identification of PQDs was divided into 
three stages: a signal analysis using time-frequency analysis methods, feature selection using optimization methods, 
and event classification using multiclass classifiers [3]. Closed-loop feedback, which is not in the classical three-step 
process, and the desire to eliminate human involvement, have brought deep learning (DL) methods based on 
automatic feature selection [4]. In [5], a new approach based on single spectrum analysis, curvelet transform, and 
deep convolutional neural network (DCNN) has been performed to realize the classification of PQDs. A novel DL 
method was proposed using raw data for the classification of PQDs [4]. In Ref. [6], comparative analyses are given 
for PQD classifications using CNN, Long Short Time Memory (LSTM), and CNN-LSTM methods. It was seen that 
the performance rates of the compared methods differ for each class. The results obtained from the measurement 
data reveal the importance of an optimization requirement in the networks used. In this study, a new multiple deep 
learning architecture-based classification method using the modified Weighted Majority Voting (WMV) mechanism is 
proposed to classify complex PQDs in a hydrogen energy-based microgrid in the literature for the first time. Three 
different deep neural network models are used for classification: CNN, LSTM LSTM, and CNN-LSTM. WMV's weights 
were selected with an alternative method based on validation data set accuracy results. The designed WMV-based 
method uses an auto-updated weighting method by observing the validation results of DL classification models. The 
results show that the proposed DL-based multi-model ensemble method with modified WMV has a high prediction 
capability of PQD signals and useful for PQD classification for noisy and noise-free data. 
 
PROPOSED METHOD 

In this study, a hybrid model using a multiclass classifier, and the WMV was investigated for the classification of 
PQDs in a hydrogen energy-based microgrid. Its flowchart is shown in Fig. 1. For multiple deep learning model 
classification, we used three different DL methods and two voting methods as conventional majority voting (MV) and 
modified WMV. In MV, it is ensured that the class with the most votes is selected as the final assigned class. In 
WMV's weights were selected with an alternative method based on validation data set accuracy results. For every 
classifier, we analyzed the classification accuracy rate for every class. Most confused classes for every classifier are 
determined. 
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Figure 1.  Proposed multiple DL model-based classification method using the modified WMV mechanism 

 
CONCLUSIONS 

The performance scores of deep learning methods are given in Table 1. 19 different class complex and single PQDs 
were classified by the proposed method. The proposed multi-model, which includes DCNN, DLSTM, and DLSTM-
DCNN with the modified WMV mechanism, has the best score with a validation accuracy (Val Acc) 99.32% and with a 
test accuracy (Test Acc) of 99.25% without noisy data. Also, with a 40db noisy proposed model, it has the best score 
with a validation accuracy of 98.12% and a test accuracy of 98,05%. DL-WMV has significant advantages in noise 
immunity, accuracy, and computation load. It is also suitable for big data analysis of PQD data, considering the rapid 
growth of monitor devices in smart grids. 

 
Table 1. Performance score of the DL methods under noisy and noise-free conditions 

  Noise-free (%) 40dB (%) 30 dB (%) 

Model Voting Method 
Val 
Acc 

Test 
Acc 

Val 
Acc 

Test 
Acc 

Val 
Acc 

Test 
Acc 

DCNN - 98.62 98.25 96.89 96.73 96.32 96.26 
DLSTM - 98.58 98.15 97.92 97.85 97.23 97.02 
DCNN-DLSTM - 98.60 98.23 98.25 98.01 97.61 97.58 
DCNN, DLSTM, DCNN-DLSTM MV 99.28 99.08 98.18 98.08 97.54 97.51 
DCNN, DLSTM, DCNN-DLSTM WMV 99.32 99.25 98.62 98.58 98.12 98.05 
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Radiation can be defined as the emission of energy in the form of particles or electromagnetic energy [1]. It is also 
favourably classified into four general types as follows: 1- Charged particulate radiation: Fast electrons, and heavy 
charged particles, 2- Uncharged radiation: Electromagnetic radiation, and neutrons [2]. On the other hand, radiation 
can also be divided into two main categories according to its ability to ionize matter: 1- ionizing radiation and 2- non-
ionizing radiation. Ionizing radiation is defined as high-energy radiation strong enough to cause displacement of 
electrons from atoms and breakage of chemical bonds. It has the ability to break DNA strands and create mutations 
and cause the death of cells [3]. Non-ionizing radiation such as radio waves, microwaves, infrared, can be defined 
as the energy required to excite atoms or electrons in sufficient amounts but is not enough to detach electrons from 
their orbits [4]. By contrast, X-rays and gamma rays or particles such as alpha, beta, and neutrons are a member of 
the ionizing radiation family. Gamma rays, which belong to the ionizing radiation family, are used in a wide variety of 
sectors. These sectors can be summarized as follows: sterilization and disinfection (food industry), nuclear medical 
diagnostic and therapy, space science, nuclear industry such as nuclear waste management, nuclear reactors, and 
radiation shielding applications [5-6] As it is known, high levels of ionizing radiation have harmful, undesirable effects 
on both living tissues and substances. When materials are exposed to high radiation doses, severe deteriorations in 
microstructure and physical properties are observed, as well as a significant increase in defect density. With regard 
to organisms, since ionizing radiation causes the ionization of biological molecules in living tissues, it can induce a 
number of genomic and chromosomal abnormalities that cause breaks in DNA sequencing and the death of cell 
structures [7-8-9].  
 
As mentioned above, the use of radiation in our lives has become an inevitable issue. In this context, it is important 
to shield the radiation and use appropriate materials to protect against the harmful effects of radiation. In order to 
obtain an efficient radiation shielding material, it is necessary to consider several important aspects. First, the type 
of radiation such as photons or particles to be absorbed or attenuated, and secondly the type of interaction of the 
radiation with the target material should be determined [10]. Therefore, researchers have been conducting extensive 
studies to find the most suitable radiation shielding materials for different types of radiation. As conventional radiation 
shielding materials, lead, concrete, steel, tungsten, etc. come to the fore and these materials pose a problem in 
various applications due to their hardness, inflexibility, and high density. It may be appropriate to improve 
conventional radiation shielding materials for large volumes of structures such as nuclear reactors, but it is obvious 
that conventional shielding materials will be insufficient in space exploration, mobile nuclear devices, and clinics 
where maneuverability is limited, and lightweight materials are needed [10-11]. In conclusion, there is an increasing 
demand for the development of new radiation shielding materials that absorb or attenuate different types of radiation 
effectively, are light and flexible, and do not harm the environment and living tissues.  
 
The purpose of this paper is to review recent researches into the evaluation of the situation of environmentally friendly 
biomaterials and polymers in radiation protection applications. In general, polymer materials have low mechanical 
properties and deform at high stresses, but mechanical properties such as tensile strength or hardness can be 
improved by reinforcing inorganic particles [12]. Polymer materials can be utilized as structural materials such as 
metals and alloys, especially in the aerospace industry, as they offer the flexibility conditions we seek. Moreover, 
since they are lighter than metals and alloys, they allow less fuel consumption to reach high altitudes. In this respect, 
polymer nanocomposite materials promise us many desirable properties that conventional radiation shielding 
materials cannot offer. When it comes to the radiation protection applications of biomaterials, we are stepping into 
an area where quite new and comprehensive studies are needed. In this context, even in the most recent workshop 
of NASA's Human Research Program (HRP) in 2020, no biomaterials session was held and there was only one study 
on the use of biomaterials [13]. 
 
On the other hand, radiation exposure in human space missions is considered to be one of the biggest challenges in 
this area. Space is home to unfavorable conditions for human life. Therefore, suitable habitats for biological systems 
should be provided during space missions. In deep space, the cosmic radiation dose is 104 Gy per year, which is 
about 500,000 times the Earth's annual sea level dose [14]. Although lead is effective material in shielding gamma 
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and x-rays, it is not preferred because it produces secondary x-rays when exposed to beta particles, is heavy, and 
most importantly, cannot fully keep safe astronauts from cosmic radiation. In this context, NASA has sought to explore 
to reduce the effects of ionizing radiation through the use of pharmacological and dietary supplements [15]. Here, 
biomaterials may introduce an excellent way out. Because melanized organisms are situated in high-radiation 
environments such as Chernobyl and on orbiting spaceships, melanin can behave as a radiation shielding material 
through attenuation and/or suppression of radical species [16-18]. Therefore, melanin synthesis and optimization is 
an important research topic for the protection of healthy tissue from ionizing radiation in radiation environments. 
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ABSTRACT 

The utilization of abandoned oil and gas wells (AOGW) to harness geothermal energy is considered as one of the 
effective methods in order to enhance the total economic life of hydrocarbon wells. A downhole heat exchanger can 
be used to extract geothermal energy from abandoned petroleum wells. The paper is concentrated on the studies of 
recent researches for the achievement of the objective and prepared to give a comprehensive overview on the 
geothermal energy production from AOGW, including the application of other methods and types of heat exchangers. 

Keywords: Abandoned oil and gas wells, geothermal energy extraction, downhole heat exchangers. 

 
INTRODUCTION  

Geothermal energy is a renewable energy source which is used to generate electricity and/or direct use applications 
such as heating/cooling and drying while producing low amount of greenhouse gases emissions. According to some 
recent researches, there are more than 20 countries that are using geothermal energy for electricity generation (73.7 
TWh/year). In geothermal energy production, the energy can be obtained without burning fossil fuels such as oil, gas 
and coal [1]. 
 
There are nearly 20-30 million abandoned oil and gas wells (AOGW) in the World which cause serious environmental 
problems. Utilizing these wells to acquire geothermal energy can not only get rid of some risks and drilling costs but 
also tackle the pollution issues. Moreover, AOGW have a significantly high potential to be transformed into 
geothermal wells.  
 
Using abandoned petroleum wells for the purpose of geothermal extraction is a good idea because of having the fact 
that hydrocarbon wells are generally located deeper that is enough to reach a high-temperature area. Geothermal 
power has the ability to decline dependence on non-renewable energy sources such as coal, oil, natural gas, and 
nuclear energy. Generally, due to its advantages and accessibility, geothermal energy extraction from abandoned 
hydrocarbon wells should be taken into consideration as an alternative energy source. The advantages are: 1. Due 
to having the wellbore of the well, that method does not require any drilling activities which makes it almost 50% cost-
effective, 2.Current conditions are already known and also thermal and geological properties of wells, exploration 
data, reservoir and fluids properties, completion data and production history are available, 3. Corrosion, scaling 
problems, groundwater recession can be removed because of no extracting groundwater, 4. The casing, cement, 
and wellbore with equipping inner pipe can be used also in geothermal energy extraction, 5.Due to existing desirable 
thermodynamic properties, selection of circulating fluid can be chosen easily, 6. Geothermal energy extraction with 
a closed-loop system releases no dissolved gas into the atmosphere [2]. 
 
LITERATURE REVIEW 

From the technical point of view, it can be observed that some of the researches had concentrated on open-loop 
system designs. On the other hand, the majority of researches that had been carried out is related to geothermal 
energy production from oil and gas wells with close loop design system. U-tube and Coaxial (double pipe) heat 
exchangers are the types of the closed-loop system [3-9]. 

One of the different approaches to produce geothermal energy with applying to AOGW is using 2 wells method. 
According to the investigation of Asif Mehmood et al. [10] the dual wells system can be addressed to abandoned oil 
and gas wells to get heat extraction. Thus, in that method, at least one injection well and one production well should 
be utilized. Using that approach, the energy can be harvested with high efficiency which is different from the traditional 
close loop systems. They presented that, the average final temperature has a fluctuation with changing the distance 
between production and injection wells. They concluded that when the distance between 2 wells is sufficiently high, 
the residence time will be high which allows enough time for energy transfer between hotter rocks and the fluids 
whereas it has the working fluid lost and that the outlet temperature can be affected by the injection pressure [10]. 

In another research, geothermal energy production from abandoned oil wells with utilizing in situ combustion has 
been represented. The explanation of that approach is that the air is injected into an oil reservoir to oxidize the heavy 
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oil for heating up. The burning of oil leads more heat to the reservoir, and it could make a way to produce high 
proportion of energy. The authors emphasized that subjecting in situ combustion to abandoned wells was highly 
beneficial, specially from economic side. Thus, appearing higher amount of heat helps to decrease the payback 
period. The computational results showed that outlet temperature raised up significantly after doing in situ 
combustions [11]. 

Pan (1985) paid attention to compare U-pipe, forward and reverse coaxial HEs. The result was that the reverse model 
is more effective than others due to having larger heat extraction [12]. 

There are several parameters which have impact on harnessing geothermal energy from AOGW. In the respect of 
pump power, Holmberg created a numerical model to study the performance of downhole heat exchangers (DHE) 
and carried out parametric study related to pressure drop and circulation pumping power [13]. Wight and Bennett 
studied the acquisition of electricity from abandoned oil and gas wells and evaluated the pump horsepower required 
to circulate the wellbore fluid [14]. Noorollahia et al. studied about extraction of geothermal energy by utilizing AOGW 
as low-temperature resources and concluded that well casing geometry and the size of injection and extraction pipes 
play a crucial role in the acquiring of heat output [15]. For optimizing the performance of DHE, Nian and Cheng 
researched the effects of pipe diameter, the rate of mass flow, working fluid inlet temperature, and insulation length 
on the extraction of heat. The wells which have high temperature and is deeper can require more insulation, even 
near the surface in order to minimize heat loss especially near the ground where there is a lower temperature than 
the bottom [16]. Moreover, the other investigation is addressed to know the effect of insulation by doing some 
measurement and simulation. The insulation cover was applied to the inner pipe, and the consequence showed that 
placing insulation on the pipe has a crucial impact on the heat extraction rate, thus when the pipe is insulated, the 
final(exit) temperature is higher than other circumstances in which there is not any insulation on the inner tube. So, 
it was obtained that applying insulation has great performance [17]. 

CONCLUSIONS 

As a result, the extraction of geothermal energy from AOGW is very beneficial. Open-loop systems can make a way for 
heating, cooling, and other applications. The diameters, working fluid rate, and other properties are very crucial for the 
generation of heat. Closed-loop systems can be applied for electricity generation. Thus, fluid and wellbore parameters, 
selection of flow model play an important role in performance on DHEs. On the other hand, 2 wells method and 
combustion can be used to harness geothermal energy from AOGW. From a thermodynamics point of view, insulation 
is highly recommended to be applied on the DHE system in order to increase the temperature output by diminishing the 
heat loss.  
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ABSTRACT  

Gel polymer electrolytes (GPEs) based on poly (vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP) are widely 
studied due to their high electrochemical stability and dielectric constants. Yet, their utilization is hindered due to low 
ionic conductivity, poor cycling stability, and low interfacial stability in contact with the anode. Most of the studies to 
increase the conductivity of polymer-electrolytes are linked to the incorporation of ceramic fillers such as Al2O3, SiO2, 
and TiO2 into the polymer matrix. In this study, we synthesized highly conductive gel polymer nanocomposite 
electrolytes with varying concentrations of LATP, Al2O3, and TiO2 nanopowders as ceramic fillers. 5%wt LATP 
incorporated GPE were found to having 1.16x10-4 S/cm ionic conductivity and 0.82 lithium-ion transference number 
at room temperature. To increase the energy density and evaluate the scale-up potential, pouch cells were 
assembled utilizing Li, GPE and gas diffusion layer (GDL, Sigracet 24BC) as anode polymer electrolyte and cathode, 
respectively. Assembled all-solid-state pouch cells were displayed 2.9 V Li/Li+ open-circuit voltage and operated for 
64 hours without any capacity fade which shows thair promising potential to be utilized in high-energy-density flexible 
battery applications. 

Keywords: PVDF-HFP, polymer electrolyte, ceramic filler, cycle life, Li-air pouch cell 

 
INTRODUCTION 

High energy density battery systems are of great importance due to the increasing demand for electronic devices 
and electric vehicles. Li-O2 batteries are considered as the next-generation battery systems to meet the ever-
increasing demand for energy storage with their specific energy density at 11400 Wh/Kg [1,2]. Yet, practical problems 
arising from the use of liquid electrolytes, e.q electrolyte leakage, flammability risks and narrow electrochemical 
stability window restricts their use in widespread applications [3–5]. Hence, the replacement of liquid electrolytes with 
(electro)chemically stable solid electrolytes is required not only to assemble stable batteries but also to obtain higher 
energy density [6,7].  

Among solid electrolytes, many studies focused on the GPEs due to their flexible nature and easy fabrication.  Yet, 
recent studies are directed into ceramic incorporated GPE due to the low ionic conductivity and better mechanical 
properties compared to bare GPEs [8]. 

Oxide based active and inactive nanoparticles are widely used as ceramic fillers in GPEs. Where the enhanced 
electrochemical performance is attributed to the increased amorphicity, chain mobility and electrochemical window. 
LATP[9], LAGP [10] and LLTO [11] are studied as active fillers and  SiO2 [12,13], TiO2 [14,15], Al2O3 [16,17],  and 
Fe3O4 [18]  are utilized as inactive fillers. 

Although individual studies have been reported on the use of different ceramic powders and their electrochemical 
performances, a systematic and comparative approach to reveal the effect of ceramic powders in the polymer matrix 
on the electrochemical performance of Li-O2 batteries has not yet been evaluated. 

In this study, a systematic approach to evaluate the effect of ceramic in active filler incorporated into PVDF-HFP 
GPEs was pursued. Depending on the filler type and weight percentage, the electrochemical performance of GPEs 
was studied in the view of electrochemical impedance spectroscopy (EIS), linear sweep voltammetry (LSW), Li+ 
transference number and galvanostatic charge-discharge. In order to evaluate the scalable performance, all solid-
state pouch cells were assembled, and their performance was studied as well. 

 
MATERIALS AND METHODS  

PVDF-HFP based composite GPEs were produced using the solvent casting method. Phase and morphological 
analysis of GPEs were characterized by XRD and FESEM respectively. Al2O3, TiO2 and LATP powders were added 
as ceramic additives in varying weight ratios (2.5-5-10-20 wt%). Electrochemical Impedance Spectroscopy (EIS), 
cyclic voltammetry (CV), linear sweep voltammetry (LSV) chronoamperometry and galvanostatic cycle tests were 
performed as electrochemical analysis techniques. Electrochemical performance of gel-polymer electrolytes was 
tested with ECC-air test cell and custom-made Li-air pouch cell. 
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CONCLUSIONS 

We analyzed the effect of ceramic powders on various with varied ratios electrochemical performance of PVDF-HFP 
GPEs. Our results show that each ceramic additive has different merits on the electrochemical performance of GPE. 
The best ionic conductivity was obtained as 1.16×10-4 S cm-1 in the 5% wt LATP doped GPE. In terms of 
electrochemical stability window, our results display the feasibility of GPEs to be used with common oxide-based 
cathode as the stability window extends up to 6V vs Li/Li+. Best cycling stability was obtained in the 5%wt Al2O3 and 
LATP compositions which was attributed to the high Li+ number and wider electrochemical window. Upon testing at 
pouch-cell scale, 5%wt LATP doped GPEs were found to perform stable 16 cycles at 0.1 mA/cm2 current density in 
2h time-limited tests.  With their lightweight and high energy density, Pouch Cell-Type Li-Air batteries have a high 
potential for flexible and wearable applications. 
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ABSTRACT 

Surface treatments, which are still used for protection, aesthetics and cleaning purposes from the past to the present, 
are known as very important criteria, especially in the furniture industry. It is seen that the method of hardening with UV, 
which is an alternative approach to liquid surface treatments applied especially in the furniture industry, is an industrial 
application where cost, production time and environmentally friendly understanding are rapidly gained. Thanks to its 
high crystalline nature and thermal, optical, electrical, and excellent mechanical properties, carbon and its derivatives 
are known as a preferred reinforcement material in many industrial applications such as science and engineering fields. 
In the study, coating materials containing activated carbon will be obtained by UV polymerization technique according 
to the “thiol-ene” reaction mechanism. The basic chemical to be used for the "en" group in the method is 2,2'-
Diallylbisphenol A. For the "thiol group", Pentaerythritol tetrakis(3-mercaptopropionate), a trifunctional thiol compound 
will be used. In addition, different amounts of activated carbon will be added to the formulations. 2-Hydroxy-2-
methylpropophenone will be used as the photo initiator. Structural characterization of the coatings to be obtained, FT-
IR, SEM-EDS, TGA, DSC, mechanical properties by tensile rupture tests will be examined. The activated carbon 
reinforced coatings will be applied on wood materials. The surface quality analysis (surface roughness, scratch, and 
wettability/contact angle) will be carried out on the wood material. In addition, the % water absorption and % gel contents 
of the obtained coatings will be determined.  As a result, the usability of the coating material to be obtained as a surface 
treatment on wood or wood-based composite panels will be tested. 

Keywords: Green Materials, Active Carbon, UV-Curing, Coatings, Wood-Based Composite Materials, Furniture, 
Surface Quality 
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ABSTRACT 

Arid cities suffer the effects of urban heat island (UHI), with negative impacts on the environment, people and 
economies. Urban greening is a strategy for mitigating UHI. However, vegetation demands high scarce resources in 
cities on dry land. Hence, it is necessary to rethink the relationship between green spaces and its surrounding built 
environment. This work´s objective is to evaluate the impact of Mendoza´s Parque Central (Argentina) on the air 
temperatures of its built environment, taking as a measure the park cool island intensity (PCI) in the 2007-2017 period. 
Parque Central has a strategic value for the urban development of a residential area with a medium to high construction 
density. Methodologically, two monitoring campaigns were carried out during the summer periods of 2007-2008 and 
2016-2017. In each campaign, temperature and relative humidity sensors were installed in the area. Satellite images 
from Landsat 7 were analyzed and the NDVI and NDBI indices were determined. The results indicate that over 10 
seasons, the park’s maximum NDVI has increased more than 8 times, while the maximum PCI intensities have 
increased 2.31 times. 

Keywords: Urban Parks, Heat Island Mitigation, Park Cool Island, Digital Satellite Image, Built Environment. 

 
INTRODUCTION 

Greening is an efficient strategy for the adaptation and mitigation of the UHI and urban warming phenomena [1]. In 
particular, urban parks form the so-called Park Cool Island (PCI), which can effectively alleviate the negative influences 
of urban heat islands. However, it is important to highlight that in arid zones, urban greening demands a certain amount 
of water in a place where this resource is scarce. For this reason, it is necessary to plan the features of built-up areas 
around the park in order to guarantee their sustainability in terms of management, natural resource consumption, and 
thermal benefits. Thus, the objective of this work is to evaluate the impact of an urban park in the city of Mendoza, 
Argentina —Parque Central— on the air temperatures of its built environment, taking as a measure the intensity of park 
cool island. In addition, we analyzed the evolution of its cooling effect over time (ten years) in relation to the evolution 
of the park and the surrounding urban areas characterized by means of satellite image indices. 

 
MATERIALS AND METHODS 

Mendoza´s Parque Central is the fourth green space on the surface of the city (approximately 14 hectares). It is located 
in the northwest area of the province capital (32° 52' 37.08" S and 68° 50' 28.03" W), in a residential area with medium 
to high construction density (2-4 m3/m2). It has a strategic value for urban development, given the numerous uses and 
artistic, sport, social and cultural activities provided. But several of those specimens incorporated in 2006 did not adapt 
to the environmental conditions of the growing site. At present, the most tolerant have been consolidated, integrating 
forested or aligned groups with the development of a dense vegetation cover (canopy) that provides important shading. 

Two monitoring campaigns were developed during the summer periods of 2007-2008 and 2016-2017. In each 
campaign, temperature and relative humidity sensors of type HOBO H8-003-02 and UX100-003 (HOBO®; Onset; Cape 
Cod, MA) were installed, recording every 15 minutes. Two of them were located within the park in well differentiated 
structures: meadow and forest. In addition, four sensors were installed around the park (North, East, South and West) 
at an average distance of 450 m from the edge. Finally, a sensor was located in the center of the city. 

Landsat 7 satellite images from 10/1/2008 and 1/18/2017 were analyzed in order to study the green areas, together 
with the evolution of their surroundings, and to evaluate their impact over the microclimate. NDVI [2] and NDBI [3] 
indices were determined as well. The QGIS software was used to process satellite images. The images were calibrated, 
corrected and projected onto POSGAR 2007–Argentina 2. 

The definition of hourly PCI is the difference in air temperature between the surrounding urban areas and the park: 

PCI = Tu − Tp                 (1) 

where, Tu is the hourly average temperature of urban surroundings (North, West, South and East), and Tp is the hourly 
average temperature inside the park (meadow and forest). 

 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

115

mailto:aruiz@mendoza-conicet.gob.ar


 

RESULTS AND DISCUSSION 

In Mendoza´s Parque Central, the increase in NDVI denotes the consolidation of biomass (Table 1), but the maximum 
temperature differences decrease from 2007-2008 to 2016-2017, during maximum temperature occurrence. This 
reduction shows the impact of urban growth throughout the period. The NDBI shows that along ten years the quantity 
of built-up areas has increased in all directions around the park. The maximum values of NDBI have increased in a 
range of 1.52 to 1.95 times. As the building mass increases, the thermal inertia of the environment increases as well 
and temperature differences with the cold structures within the park —the forests— decrease in the hours of sun. Based 
on [4] results, the cooling effect of the park would be expected to increase. However, this has not been the case, 
demonstrating that the thermal benefits of the park have been governed by the densification of its surroundings. 

Table 1. NDVI values for Parque Central and NDBI values for each area of influence. 

 NDVI NDBI 

 
2008 2017 

North Point South Point East Point West Point 

 2008 2017 2008 2017 2008 2017 2008 2017 

Minimum -0.20 0.02 -0.25 -0.25 -0.18 -0.21 -0.22 -0.26 -0.18 -0.30 

Average -0.05 0.26 -0.01 -0.01 -0.01 -0.01 -0.02 -0.04 -0.01 -0.02 

Maximum 0.07 0.57 0.16 0.26 0.15 0.23 0.19 0.37 0.16 0.27 

 

The cooling effect of the forest is more susceptible to the increase of NDBI than that of the meadow. In the South point 
the variation of the maximum NDBI has been the lowest whereas the cooling effect caused by the park is the greatest. 
On the contrary, the East point shows the highest increase in maximum NDBI and the lowest cooling effects. 

Respect to PCI, during the 2007-2008 season, the maximum PCI is 1.3 ºC, being relatively stable throughout the day. 
During the 2016-2017 summer, the maximum values of PCI occur during noon: the park is up to 3.0 ºC colder than the 
urban surroundings. Although the cooling effects of greenspace are well known, the understanding on the roles of 
landscape inside and outside parks in PCI features is still not deeply explored. 

 
CONCLUSIONS 

This research highlights the challenges of reconciling the thermal benefits of an urban park placed in an arid zone with 
the built environment growth. 

The forest structure is 37% cooler than the surroundings in 2016 vs. 2008. In contrast, the maximum PCI recorded 
between the meadow structure and its surroundings represents a 62% increase in its cooling effect. 

Based on NDVI values, the forest area consolidation and the park evolution have allowed a more efficient behavior of 
the meadow structure, despite the temporary increase in anthropic pressure on the park, evidenced by the NDBI. 

Over 10 seasons, the park's maximum NDVI has increased more than 8 times, while the maximum PCI intensities have 
increased 2.31 times. The high increase in vegetation is not directly proportional to the cooling effect of this urban park. 

The cooling profile of the park has changed. NDVI and PCI grew but the evolution of the surroundings (measured as 
NDBI) has modified the role of the park as a thermal regulator. The thermal benefit of the park has moved from the night 
to the afternoon hours. 
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ABSTRACT  

In this study, methylene blue adsorption on biochar prepared with acid from pumpkin shell was studied. An ecological, 
environmentally friendly, green treatment alternative has been presented by creating a low-cost adsorbent from an 
agricultural waste. pH, contact time, MB initial concentration and adsorbent dose changes, which are effective 
parameters for adsorption, were examined. Equilibrium results were applied to Langmuir and Freundlich isotherms, 
and contact time results were applied to pseudo 1st and 2nd order kinetic models. 

Keywords: Pumpkin, Biochar, Methylene Blue, Adsorption 
 
INTRODUCTION 

Dyes are organic complex molecules that give color to surfaces. Wastewater from plastic, paper and especially 
dyeing industries pollutes the water due to the discharge of these molecules [1]. In addition to aesthetic problems, it 
can negatively affect aquatic life by preventing the penetration of even small amounts of sunlight. MB is a very 
common pollutant in wastewater since its usage area is quite large. Long-term exposure to MB can cause health 
problems such as nausea, anemia, hypertension and vomiting [1]. For these reasons, the treatment of dye-
contaminated wastewater remains an important problem [2]. Today, chemical methods such as ozonation, 
photocatalysis, fenton process and oxidation; Biological methods such as aerobic and anaerobic treatment and 
physical methods such as ion exchange, coagulation/flocculation, membrane filtration and adsorption are widely used 
to remove dyestuffs from wastewater [3]. Adsorption is an important separation process that is often preferred 
because it is both economical and effective in removing heavy metals, organic pollutants and dyes from wastewater. 
The range of adsorbents that can be used in the adsorption process is very wide [2]. Since the efficiency and cost of 
the process are determinant, the search for new alternatives is increasing in the selection of adsorbent with waste 
origin and effortless preparation process. Biochars are materials with high surface area, large pore volume, rich 
functional groups and wide application areas. They can be converted into cost-effective and easily available 
adsorbents by a series of chemical processes from different biomass. They are also preferred due to their low cost, 
porous structure and high efficiency [4]. In this study, biochar was prepared with sulfuric acid from pumpkin shell, 
which is an agricultural waste, and it was concluded that the obtained material is an effective adsorbent for MB. 
 
MATERIALS AND METHODS 

The biochar used as an adsorbent in the studies was prepared by thoroughly mixing the pumpkin shell with sulfuric acid 
at room temperature. After standing overnight, the washed material was dried and stored at room temperature. For the 
characterization of the prepared biochar, moisture and ash content determination, fixed carbon determination, elemental 
analysis, single and multi-point BET surface analyzes and FTIR analysis were performed, and SEM images were taken. 
Methylene Blue (MB) (Merck, Germany) solution was used as adsorbat. The required amount of MB was dissolved in 
distilled water.  

The adsorption dynamics of MB on biochar prepared with sulfuric acid from pumpkin peel were evaluated by performing 
batch experiments. The effects of parameters such as pH, initial MM concentration, adsorbent dose and contact time 
were investigated. For the pH effect investigation, 0.050 g biochar was added to the dye solutions in volume of 50 mL 
and concentration of 400 mg L-1 at various pH values and then was mixed using a magnetic stirrer at room temperature 
for 24 hours. 0.1 M HCl and NaOH solutions were used for pH adjustments. To investigate the effect of contact time on 
adsorption, dye solutions (50 mL) of 400 mg L-1 at the original pH value (6.0) were mixed with 0.050 g biochar for 5 to 
1440 minutes. To examine the effect of initial MB concentration on adsorption, dye solutions of 50 mL volume were 
prepared at pH 6.0 at concentrations ranging from 50 to 500 mg L-1, and 0.050 g biochar was added to these solutions 
and mixed for 24 hours. At the end of the adsorption process, the biochar was separated from the suspension by 
centrifugation. MB concentrations remaining in solution were measured by UV-VIS spectrophotometer. Then, the 
amount of MB adsorbed per unit mass of biochar was calculated. 

By using the data obtained from the experiments to examine the effects of initial MB concentration and contact time on 
adsorption, isotherm and kinetic model applications were carried out, respectively, Langmuir [5] and Freundlich [6] 
models were used for isotherm applications, while pseudo 1st order [7] and pseudo 2nd order [8] models were used for 
kinetic applications. 
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CONCLUSIONS 

In this study, the adsorption behavior of methylene blue, which is frequently found in wastewater due to its wide usage 
area, was investigated from pumpkin shell on biochar prepared with sulfuric acid. An agricultural waste pumpkin shell 
has been used as a source of biochar to make it cost-effective for use as an adsorbent. The prepared biochar was 
characterized by BET surface area analysis, partial and elemental analysis, as well as FTIR analysis and SEM images. 
Although the multilayer surface area is low, biochar has the potential to be a good adsorbent due to its low moisture 
and ash content. The optimum pH of the adsorption of MB with biochar was determined as 6, the time to reach 
equilibrium was 16 hours, the initial concentration of MM was 400 mg L-1, and the adsorbent dose was 50 mg. 
Equilibrium modeling was performed with Langmuir and Freundlich isotherm models, and it was seen that the study 
was more compatible with the Langmuir isotherm model, which indicates that monolayer adsorption is dominant. In 
order to evaluate the kinetic behavior of the adsorption mechanism of MB on biochar, the pseudo-first and second-order 
kinetic models were applied to the results of the contact time study, and the results showed that the mechanism 
consistent with both models could be better explained by the pseudo-second-order model in terms of qe values. The 
obtained results showed that it is possible to evaluate the prepared biochar as an effective adsorbent in the removal of 
MB. 
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ABSTRACT  

Hybrid energy applications should be considered now and in the next decades because of the discontinuity problems 
of renewable energy sources. In this study, wind and solar energy analyzes are made separately and together as 
hybrid systems based on the measurement wind velocity and solar irradiation data in Istanbul and its surroundings. 
Analysis of wind power, solar PV and hybrid generations are examined with monthly and hourly profiles and monthly 
hourly profiles were created by calculating the annual revenue value over the wholesale price of electricity. 

It has been examined which source meets the monthly total electricity generation values of the hybrid system. 
Considering monthly rates, it is seen that sometimes the wind power coverage rate is high the PV is low, however, 
sometimes PV coverage rate is high, but the wind turbine electricity generation is low, and it is evaluated that, both 
systems have equal and close to equal generation rates.  

Wind turbine and PV electricity generation estimated by using Openwind and PVsyst softwares respectively, and 
capacity factor for each renewable energy system calculated as for Ömerli dam region as 26% and 23%. The hybrid 
wind-solar system capacity factor calculated according to hourly electricity values of wind and PV as 24%. In the 
perspective of hybrid electricity generation profile, the scattering diagrams of hourly average values for each and all 
months for desired time are prepared and their correlations calculated. It is modelled that, the most significant highest 
relationship evaluated between July and August. 

Wind power and PV electricity generation calculated as a result of the wind velocity and solar irradiation measurement 
data of Ormanlı, located on the European side of Istanbul, and capacity factor of wind power and PV is calculated as 
34% and 23%, respectively. Wind-PV hybrid capacity factor calculated according to hourly production values of these 
renewable technologies as 28%.  

Based on hybrid system electricity generations data of Ömerli and Ormanlı, An Adaptive Neuro-Fuzzy Inference 
System (ANFIS) modeling is applied, and monthly relationship between these sources are estimated for all locations. 
It is determined that the highest correlations evaluated between June and July. 
 

Monthly total electricity generation values of the wind-solar hybrid system are analyzed by each source separately 
and together at different ratios and considering the monthly rates, it is found that wind power capacity is high while 
the sun potential is high, and sometimes hybrid system loads over the desired capacity. For all hours during the year 
compensation rates of considered wind-solar hybrid system is estimated.  

Keywords: ANFIS, Energy, Hybrid energy system, Solar, Wind, Renewable 

 
INTRODUCTION 

The need for an ever-increasing energy is a fact that cannot be ignored. In order to meet the electricity demand, 
fossil resources were first used, and their use continued increasingly. However, the oil crisis that emerged in the early 
70s and the global warming of oil in the 90s due to the excessive use of fossil fuels; energy to meet renewable and 
clean resources. Wind energy, which has been used for different purposes since the past, has been one of the energy 
sources which is seen as a renewable electrical energy source. Wind energy has become one of the most important 
energy sources today due to the high efficiency of wind turbines in the region with high wind speed potential and 
economic and technical constraints on fossil fuels. Solar energy has also been affected by these developments and 
has been in demand. Technological progress and cost reduction, as well as being able to be used in the feeding of 
small loads as well as being able to be used in the feeding of large loads positively affected the spread of solar 
energy systems. Wind and solar renewable energy sources can generate electricity independently of the grid or 
connected to the interconnected system. With the emergence of renewable systems based on wind and solar, hybrid 
systems have been developed which enable the use of two systems by combining them. 
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Turkey's highest sunshine hours due to the high solar energy is the region of South and Southeast Anatolia has the 
potential Mediterranean, Eastern Anatolia, Central Anatolia, Aegean, Marmara and Black Sea regions respectively 
following.  Turkey Wind Atlas mean wind speed in the 50-meter-high residential areas, except by the Marmara and 
West Black Sea coastal areas from 6.0 to 7.0 m / s and the inner side of these regions 5.5-6.5 m / s, eastern Black 
Sea coast 5.0 m / s in the inner and inner parts, 7.0–8.5 m / s in the North West Aegean coast and 6.0–7.0 m / s in 
the inner parts of this region, 5.0–6 in the Western Mediterranean coast, 0 m / s and 4.5-5.5 m / s in the inner parts 
of this region. 

Renewable energy sources are extremely attractive because they do not run out and do not have any significant 
harm to other sources in terms of environment and human health. The aim of hybrid systems is to increase the 
efficiency by providing the use of energy resources together and to ensure that others meet the energy needs of the 
system if one of the resources is not or decreases. The hybrid system components are formed by combining two or 
more sources. 

 
DATA AND METHODS  

Data used in this study were measured by İSKİ for five different stations located in and around İstanbul at least for 
one year (Figure 1).  

 

Figure 1. İSKİ measurement stations. 

The wind and solar potentials for the identified regions were examined and the capacity factors for the wind-solar 
hybrid system were determined and modeled. Wind potentials of the sites determined by AWS Openwind program 
and hourly production analyzes are also performed. Solar analysis is performed with PVsyst program and hourly 
production results are obtained. The obtained productions are converted into one-year monthly and hourly data sets 
for hybrid systems and hybrid electricity generation analysis (compensation rates, capacity factors etc.) is evaluated 
(Figure 2). 

      

Figure 2. Wind and solar monthly and hourly capacity factor tables 

In addition to energy production (wind, PV and hybrid) analysis, revenue analysis included two scenarios was 
performed for İSKİ (Table 1).  

 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 Average

0 41% 44% 29% 12% 15% 10% 14% 14% 14% 12% 19% 44% 22%

1 43% 39% 25% 13% 19% 12% 15% 14% 13% 14% 20% 45% 23%

2 41% 39% 28% 15% 18% 12% 16% 17% 14% 13% 22% 45% 23%

3 38% 40% 31% 13% 16% 9% 16% 17% 11% 12% 23% 43% 22%

4 38% 38% 33% 12% 16% 11% 16% 16% 13% 11% 24% 46% 23%

5 42% 39% 35% 13% 17% 10% 12% 16% 12% 13% 21% 44% 23%

6 39% 39% 34% 9% 17% 13% 12% 14% 11% 14% 23% 44% 22%

7 39% 44% 34% 9% 16% 17% 20% 20% 12% 14% 21% 46% 24%

8 41% 46% 37% 11% 25% 20% 27% 27% 17% 13% 25% 42% 27%

9 40% 51% 38% 13% 28% 26% 31% 30% 21% 18% 26% 42% 30%

10 42% 53% 41% 21% 35% 30% 38% 36% 26% 19% 29% 46% 35%

11 44% 56% 46% 31% 38% 36% 43% 40% 29% 21% 31% 44% 38%

12 44% 55% 52% 36% 41% 40% 51% 44% 33% 24% 33% 43% 41%

13 48% 55% 52% 42% 47% 46% 56% 48% 36% 24% 32% 43% 44%

14 42% 56% 47% 46% 47% 49% 58% 49% 37% 27% 29% 41% 44%

15 42% 52% 42% 42% 47% 47% 55% 47% 34% 27% 28% 44% 42%

16 41% 46% 40% 38% 41% 41% 50% 45% 31% 23% 25% 42% 39%

17 38% 42% 37% 31% 34% 33% 45% 40% 29% 20% 24% 41% 34%

18 36% 45% 34% 23% 27% 31% 39% 31% 22% 14% 26% 43% 31%

19 43% 44% 31% 21% 22% 21% 26% 26% 17% 14% 24% 41% 28%

20 40% 39% 32% 18% 19% 17% 22% 23% 15% 12% 23% 42% 25%

21 41% 43% 28% 17% 16% 16% 19% 18% 15% 11% 22% 43% 24%

22 39% 43% 31% 14% 17% 16% 16% 15% 14% 10% 22% 42% 23%

23 40% 42% 29% 12% 15% 13% 15% 14% 16% 10% 24% 43% 23%

Average 41% 45% 36% 21% 26% 24% 30% 28% 20% 16% 25% 43% 30%

Ömerli Vestas V150 4.2 Capacity Factor

1 2 3 4 5 6 7 8 9 10 11 12 Average

0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

1 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

2 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

3 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

4 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

5 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

6 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

7 0% 0% 0% 0% 7% 14% 9% 1% 0% 0% 0% 0% 3%

8 0% 1% 4% 10% 35% 49% 40% 28% 12% 2% 2% 0% 15%

9 8% 17% 24% 36% 58% 70% 62% 63% 40% 23% 18% 9% 36%

10 19% 31% 37% 52% 70% 74% 74% 72% 57% 44% 32% 20% 49%

11 24% 35% 48% 63% 78% 78% 79% 80% 61% 45% 34% 24% 54%

12 27% 36% 51% 66% 81% 84% 82% 80% 65% 46% 35% 26% 57%

13 27% 35% 54% 70% 83% 88% 81% 81% 64% 47% 35% 26% 58%

14 28% 37% 57% 71% 84% 88% 82% 84% 66% 49% 35% 26% 59%

15 24% 33% 52% 69% 85% 90% 89% 87% 68% 49% 32% 21% 58%

16 15% 28% 45% 67% 80% 89% 91% 87% 64% 43% 19% 8% 53%

17 2% 12% 30% 58% 72% 86% 86% 82% 55% 29% 4% 0% 43%

18 0% 0% 13% 39% 56% 76% 79% 70% 38% 8% 0% 0% 32%

19 0% 0% 2% 12% 31% 48% 53% 33% 7% 0% 0% 0% 15%

20 0% 0% 0% 0% 4% 12% 12% 2% 0% 0% 0% 0% 3%

21 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

22 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

23 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Average 7% 11% 17% 25% 34% 39% 38% 35% 25% 16% 10% 7% 22%

Ömerli 4.2 MW Solar Capacity Factor
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Table 1. Wind-PV hybrid generally summarize. 

Project 
Production    

(kWh)  
Capacity 

Factor (%) 
Electricity Sales 

revenue (TL) 
Electricity Consumption 

Revenue (TL) 

Ömerli 19,093,942 24 3,853,158 10,310,728 

Ormanlı  21,002,490 29 4,238,302 11,341,344 

Bağırganlı  18,351,502 25 3,703,333 9,909,811 

Melen Yolu  19,435,586 26 3,922,101 10,495,216 

Kıyıköy 16,065,659 22 3,242,050 8,675,456 

 
CONCLUSIONS 

In this research there are five stations that scattered all around İstanbul, according to the results wind turbines 
electricity generation capacity factor and revenue of these systems for Ormanlı is higher than others and lowest 
values evaluated in Kıyıköy.  Ormanlı is followed by Ömerli, Melen Road, Bağırganlı and Kıyıköy, respectively, in the 
perspective of capacity factor and revenue. The regions with the highest solar capacity factor are Melen Road and 
Bağırganlı. The highest region in terms of hybrid production and capacity factor is Ormanlı and is followed by Melen 
Road, Bağırganlı, Ömerli and Kıyıköy respectively. 

For Ormanlı, Melen Road, Bağırganlı, Ömerli and Kıyıköy hybrid systems, the ratio of the total production of the 
system is calculated by considering wind turbine and PV capacity and total energy generation of these systems. 
Hourly, monthly and annual energy production of the total hybrid system are also calculated for all regions. 

Monthly and hourly production values for Ömerli were taken into consideration and the ratio of the total production 
value of the hybrid system was calculated. Monthly total electricity generation values of the hybrid systems are 
analyzed based on source and at compensation ratios. It is seen that mostly wind energy and PV complement each 
other as a renewable source. 

ANFIS modeling is done with the relationships between the mean values and data sets and relations are evaluated 
and modeled using fuzzy logic. With ANFIS, annual-hour production values for wind turbine, PV and hybrid are 
evaluated with fuzzy logic. The relationship between the measured data and the modelled data by ANFIS is examined 
and it is seen that correlation between measurement and modeled values for the next month is very high.  
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ABSTRACT 
Coupled heat and mass transport for convective drying of spherical shaped moist porous objects are investigated 
numerically. Six objects are placed in a rectangular channel as every two objects are side by side. Hot air flows through 
the channel over the objects, velocity and temperature of the air varied to see the change of moisture content inside the 
objects by time and the effects on drying performance. The finite element method was used to solve the nonlinear 
governing equations of the 3D Multiphysics problem. Results showed that the configuration of the objects is important 
due to drying air flows horizontally from the inlet of the channel. The moisture content of the objects is observed less on 
the front and top regions of the objects than other regions, especially for the object closer to the inlet of the channel. 
The simulations gave the result that temperature and velocity have important effects on drying which increasing the 
temperature and increasing velocity have positive effects on drying performance. 
 
Keywords: Porous body, heat and mass transfer, multiphase flows, CFD 
 

INTRODUCTION 
Convective drying is a very conventional and common method for dehydration of moist products. Hot blowing air has 
been used as a favorable method for drying a wide variety of products since ancient times. This thermal drying 
method offers ease of use, low operational costs, and rapid processing, and used in a wide range of dryer types. Hot 
air flows through a drying chamber over the moist object and initially, moisture near the surface of the object starts 
to evaporate due to the thermal interaction between hot air and relatively cold object. After a period of time as the 
moisture content inside the object reaches a threshold value, the moisture diffuses from the interior parts of the object 
to the surface and then evaporates to air. The coupled transport mechanism of convective drying is considered a 
nonlinear Multiphysics problem and needs to be investigated. In most numerical and experimental studies, while the 
drying air is conditioned and given to the drying chamber with the help of a pump or fan [1–3], there are also studies 
in which the effect of wind on drying as hot airflow in the atmosphere or in a wind tunnel is examined [4–6]. The aim 
of the present paper is to investigate the coupled transport mechanism numerically by constructing a 3D simulation 
and see the effects of varying parameters in order to specify the optimum drying performance. It is important to 
determine the appropriate condition in drying for an effective process with energy-saving. 

MATERIALS AND METHODS  
Hot air flows in a rectangular channel and six identical spherical objects are placed at the center of the channel. Reduce 
of moisture content by time was investigated under the effect of varying air velocities as u= 0.1,0.2,0.3,0.4,0.5 m/s and 
varying air temperatures as T=303 K, 313 K, 323 K, 333 K, 343 K. The schematical description of the problem is given 
in Figure 1. The height of the channel is H= 0.05 m. The length of the channel is L=20*H. The radius of the spheres is 
r=0.2*H and the x-axis distance of the spheres are l=2*H.  

 
Figure 1. Schematical description of the problem (not to scale) 

 
The air flowing through the channel is initially dry, and the moisture evaporates from the object to the surrounding air, 
so the channel air gets humidified after a time. Laminar 3D flow conditions are valid and conservation of mass, 
momentum and energy equations for transient channel flow are given as follows: 
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In the equations, ‘p’ is the pressure (Pa), ‘cp’ is specific heat (kJ kg−1 K−1), ‘ρ’ is the density (kg m−3), ‘μ’ is the dynamic 

viscosity and subscript ‘a’ denotes the air for all symbols. I  is the identity vector. Mass balance equations of water in 
two phases and air are described by a non-isothermal formulation of strong distributed evaporation from porous objects 
(Eq. 4), and energy equation for porous medium is described in Eq. 5.: 

( )v
v evap

c
u R

t


+ =


  , ( )l

l evap

c
u R

t


+ = −


   , ( ) 0a

a

c
u

t


+ =


      (4) 

(𝜌𝑐𝑝)𝑒𝑓𝑓
𝜕𝑇

𝜕𝑡
+ ∇. (�⃗� 𝑔ℎ𝑔 + �⃗� 𝑙ℎ𝑙) = ∇. (𝑘𝑒𝑓𝑓∇𝑇) − 𝐻𝑒𝑣𝑎𝑝𝑅𝑒𝑣𝑎𝑝      (5) 

where ‘c’ is the molar concentration (mol/m3) with subscripts ‘l’ liquid water and ‘v’ water vapor. �⃗�  is the total mass 

fluxes (kg m−2 s−1) of gas phase (g) and the liquid phase (l). ‘Revap’ is the rate of evaporation and ‘Hevap’ is the latent 

heat of evaporation. ‘Sl’ is the liquid saturation, and it is the dimensionless value describing the moisture content of the 
object. Thermophysical properties of air, water and porous matrix could be found in the referenced study [7].  
 
Finite Element Method was used for solving the highly non-linear equations of the problem via a commercial CFD code 
COMSOL Multiphysics. Weak forms of the equations were obtained from Galerkin weighted residual method. 
Approximations of the flow field variables for the domain were done by Lagrange polynomials of different orders. A fine 
mesh was generated manually for the problem considering boundary layers in order to resolve all effects and for better 
convergence. 
     
CONCLUSIONS 

Effects of varying parameters on drying performance were investigated for convective drying of spherical porous objects 
in a 3D rectangular channel. Velocity and temperature of hot air were varied with five different values of each and 
moisture contents were evaluated for those parameters were simulated. Figure 2 shows the moisture content 
distribution by time (a) and local moisture content value with varying air velocities (b) for the vertical midline of the object 
in the right frontside of the channel (object 1). The moisture content decreases more sharply as time progresses, and it 
was seen that increasing air velocity causes a further reduction in moisture content. (Further information will be given 
in the full-text paper.) 

           
 

Figure 2. Moisture contents as Sl for object 1, by time(a) for varying air velocities (t=300 s)(b) Sl (t=0) = 0.6. 
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ABSTRACT 

In this study, three new D-A-π-A dyes were synthesized by introducing auxiliary acceptors to some D-π-A dyes 
containing quinoline π-system and the photovoltaic performances of these compounds were compared. The design of 
these compounds was used diphenylamine group as donor, cyanoacrylic acid as anchoring group and benzene, 
benzothiadiazole (BTD) or N-ethylhexyl benzotriazole (BTZ) as auxiliary acceptor. These compounds were also 
investigated by optical, electrochemical, and theoretical methods. The compound with BTD unit (BIM1) caused a large 
red shift in the UV-Vis spectrum compared to the dye bearing BTZ (BIM2) and produced higher short-circuit current 
density (Jsc). The device with BTZ dye slightly increases the open circuit voltage (Voc) due to inhibition of charge 
recombination. Higher power conversion efficiency (5.21%) was achieved for the device based on BIM1. The D-A-π-A 
dyes obtained by adding the BTD group as auxiliary acceptor to the quinoline-based D-π-A dyes remarkably improved 
the photovoltaic performance of the dye-sensitized solar cell (DSSC). 

Keywords: Dye-sensitized solar cells, D-A-π-A, quinolone, auxiliary acceptor. 

INTRODUCTION 

As a cost-effective and environmentally friendly photovoltaic technology for using solar energy, DSSCs are promising 
in meeting the demand for clean and renewable energy sources [1]. Recently, significant progress has been made in 
DSSC research, thanks to the new D-A-π–A motif concept for molecular engineering of organic photosensitizers [2]. 

In this work, we synthesized two dyes (Scheme 1) bearing diphenylamine as electron donating group, BTD or BTZ as 
auxiliary acceptor unit, quinoline as π-bridge and cyanoacrylic acid as anchoring moiety. We report absorption 
characteristic and photovoltaic performances of dyes BIM1 and BIM2 in D-A-π-A skeleton [3]. We compare power 
conversion efficiencies when BTD and BTZ auxiliary acceptor is linked to the dyes. 
 
RESULTS AND DISCUSSION  

Acetylation of commercially available 4-bromoaniline followed by Vilsmeier reaction and the nucleophilic substitution 
reaction gave π-bridge of the dyes. This compound was converted to the boronic acid ester for use in coupling 
reactions. For coupling reactions, firstly, bromine-containing compounds were synthesized. Subsequently, D-A-π 
compounds were obtained by Suzuki-Miyaura coupling reaction of the boronic acid ester compound with the bromine-
containing compounds. Finally, dyes BIM1 and BIM2 were obtained by Knoevenagel condensation. 
 

 
 

Scheme 1. Chemical structures of the synthesized dyes. 
 
The absorption wavelengths (λmax) for dyes BIM1 and BIM2 are 476 and 400 nm (Fig. 1a). Remarkable red-shifts 
observed for dyes BIM1 and BIM2 can be attributed to the presence of stronger electron-withdrawing BTD and BTZ 
moieties on the dyes. The power conversion efficiency (PCE) of the DSSC based on BIM1 is much higher than that 
of BIM2 due to its broader absorption spectrum [4]. 
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Figure 1. Absorption spectra (a) and J-V curves (b) of the dyes. 
 
CONCLUSIONS 

The DSSC based on the dye bearing BTD showed the PCE of 5.21%, which is better than that of 3.65% for the dye 
with BTZ. As a result, the insertion of a proper auxiliary acceptor to the sensitizers is an effective way to enhance the 
photovoltaic performance of the DSSCs. 
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ABSTRACT 

In this study, investment costs of hydroelectric power plants (HPP) in Turkey are analyzed. Equation model with 4 
terms and 7 parameters is proposed for analysis. Archimedes Optimization Algorithm (AOA) is used to determine 
equation parameters. The study is handled in three stages. In the first stage, Turkey's 25 stream basins are divided 
into 8 groups according to precipitation and elevation values. In the second stage, separate equation parameters are 
determined for each group using a total of 67 HPP data. In the final stage, sensitivity analysis of the equation models 
developed is performed and the effect of the power, head and flow parameters of HPPs on cost is shown. With the 
proposed equation model, the average error value is calculated below a good value of 3.4902%. In this way, the cost 
of a HPP to be installed can be predicted with high accuracy using the proposed equation model.  

Keywords: Hydroelectric Energy Potential, Techno Economic Cost Analysis, Basin Effect 

INTRODUCTION 

For our country, HPP has a great potential among Renewable Energy Resources (RES). Cost information is important 
for assessing this potential and converting it into investment. Equation model in the studies examined; It consists of 
power, head and flow parameters according to turbine types. This situation does not represent a general situation in 
the world geography. Because the costs of a HPP project with the same parameter values in different regions will 
also be different. This situation is due to the fact that the regions have different characteristics. In the studies 
reviewed, this situation is ignored. In addition, it has been stated in the studies that electromechanical costs constitute 
a large proportion of the total cost. Therefore, only electromechanical cost information is taken into account when 
conducting cost analyses of hydroelectric power plants [1–4]. However, considering the electromechanical costs, the 
proposed equation model does not cover the whole. This situation is seen as another deficiency in the literature. In 
the study, it is aimed to eliminate the deficiencies created by the situations that are ignored in the literature. For this 
purpose, both the characteristics of the regions and investment costs are taken into account in the proposed equation. 
For this, the data of 67 HPPs belonging to the last six years located in the stream basins of Turkey, which have not 
been used before in the literature, are used. 

GROUPING OF TURKEY STREAM BASINS  

The geography of Turkey consists of 25 stream basins. Although these basins have different stream arms when 
examined, the precipitation and elevation values of some basins are similar. Taking into account this similarity, 
grouping of stream basins is carried out. Thus, Turkey's stream basins are divided into 8 groups. Accordingly, basins 
with close rainfall and altitude values were included in the same group. The basin grouping made is given in Fig.1. 
In this way, an equation model is proposed for each basin group. 

 

Figure 1. Grouping of Turkey Stream Basins 
 

EQUATION MODEL DEVELOPMENT 

In the literature, many analytical correlation methods are proposed for the cost calculation of electromechanical 
equipment [2–8]. In general, it is indicated by the following equation. 

Cost = a.Pb + c.Hd + e.Qf + g  (1) 
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In Equation 1, "a and b" are the constant coefficients of the P (KW) power expression, "c and d" are the constant 
coefficients of the H (m) head expression, and "e and f" are the constant coefficients of the Q (m) flow statement. 
HPP data, which has not been used before in literature studies in different regions of Turkey, are used in Eq. 1. 
Accordingly, the maximum error value is realized as approximately 16%. In addition, the average error is calculated 
as 3.4902 % and the standard deviation value as 5.9243. In his study, Ogayar developed an equation model for the 
turbine type. However the maximum  error rate was calculated as 23.97% and the average error was 10.06% 
standard deviation 6.94 [4]. Filho, on the other hand, developed a single equation model in his study. But the 
maximum error rate was calculated as % 50.29% and the average error 21.33%  standard deviation 16.67 [7]. 
Likewise, Cavazzini developed an equation model for the turbine type in his study. In this case the maximum error 
rate was calculated as -22.36% and the average error  8.24% standard deviation 7.39% [2]. According to these 
values, better results are obtained with the proposed equation model than the literature studies. 

SENSITIVITY ANALYSIS 

Sensitivity analysis is performed to see the effects of parameter values on cost in the proposed equation model. For 
this, the parameters in the equation model are examined respectively while performing the sensitivity analysis. Thus, 
the effect of the parameters on the cost will be seen more clearly. For the sensitivity analysis, the classification of the 
Turkey stream basins has been taken into account. Sensitivity analysis results are given in Fig. 2. 
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Figure 2. Installed Power / Head / Flow for Turkey Basin Classes – Cost Change Charts 

 

CONCLUSIONS 

The feasibility of projects belonging to HPPs can only be possible if cost analyzes are done correctly and if they are 
feasible. With the equation model proposed for the first time, percentage error rates were calculated below 19.965%. 
In addition, the average error is calculated as 3.4902% and the standard deviation value as 5.9243. According to 
these results, the cost is estimated with high accuracy. This indicates the effectiveness of the proposed equation 
model. In addition, in the study, the effects of change of parameters in the proposed equation model are examined 
for each basin class. Accordingly, it has been observed that the flow, head and installed power parameters are 
effective on the cost in the 1st and 8th Basin classes. however, it has been observed that the installed power parameter 
is more effective than the head and flow parameters in other basin classes. When turkey's basin classes are 
examined, the flow parameter on cost is more sensitive in the 1st and 8th Basin classes than the other basin classes. 
In other basin classes, on the other hand, it has been observed that the installed power parameter is more sensitive 
to cost than other basin classes. With this study, the cost of a HPP to be installed in any basin of Turkey can be 
predicted with high accuracy using the proposed equation model. 
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ABSTRACT  

Extreme atmospheric phenomena have been increasing due to the impacts of climate variability and change. 
Accurate estimation and evaluation of extreme events have become a critical issue to reduce its damage to economic 
values. From the perspective of wind energy applications, high wind speeds affect energy production, wind turbine 
stability, and its lifetime. Hence, it is crucial to have precise information about high wind speeds in wind farms. In this 
regard, the assessment of extreme wind conditions is an essential subject for each country. For the assessment of 
extreme wind conditions in Turkey, the 10-minute average wind speed data in 2016-2017 from the New European 
Wind Atlas Project was used. Both the Annual Maximum Method (AMM) and Peak Over Threshold Method (POTM) 
were applied for the regional analysis of extreme wind speeds in Turkey. Extreme wind speeds for the different return 
periods of 2, 20, and 50-years were predicted by using the AMM. As a result of the analysis made using the POTM, 
extreme wind speeds for different return periods of 10, 50, and 100-years were estimated. The maximum wind speeds 
were calculated as reference speed for each city in Turkey by applying the Constant Extreme Wind Speed Model 
(EWM) in IEC Standard 61400-1. Extreme winds that can repeat in a return period of 1-year and 50-years were 
calculated using these reference speeds. Extreme wind speeds with different return periods of 10, 50, and 100-years 
using POTM were found to be the highest in Van, Marmara, and Aegean Regions that are 40 and 45 m/s respectively. 
According to the EWM results, the highest wind speed in 2016 within the return period of 50-years was expected to 
occur in Antalya and estimated at 49.05 m/s. Similarly, for the period of 1-year, the maximum wind speed was 
expected to occur in Antalya and estimated at 39.24 m/s. Comparing the wind data of 2016 and 2017, there were no 
significant differences in estimated values of extreme wind speed. The highest wind speed in 2017 was expected to 
occur in Antalya, which is estimated at 37.68 m/s for the return period of 1-year, and 47.1 m/s for 50-years. 

Keywords: Annual Maximum Method, Extreme Wind Speed, Risk Analysis, Peak over Threshold Value Method, 
Wind Energy 

INTRODUCTION 

Extreme atmospheric phenomena have been increased due to the impact of climate variability and change. Accurate 
estimation and evaluation of extreme events have become a critical issue to reduce its damage to economic values. 
Accurate estimation and evaluation of extreme events have become a critical issue to reduce its damage to economic 
values [1]. In this regard, the assessment of extreme wind conditions is an important subject for every country's 
agenda. 
 
According to the IPCC AR5 (Intergovernmental Panel on Climate Change Fifth Assessment Report), it has been 
stated that the mid-latitude westerlies will increase based on the reanalysis data sets. There will be low-confidence 
changes in surface wind speeds [2]. Nevertheless, the frequency of high wind speeds over Europe will increase 
towards the end of the 21st century contrasting to the current climate conditions [3]. As a result of changes in the 
mean wind trends affecting evaporation, the presence of water and drought are also affected [4,5]. Continuous mid-
latitude winds can increase coastal water levels [5, 6], long-term changes in the wind direction can affect wave climate 
and coastal stability [5, 7]. 
 
The extreme value approach needs long-term measurements for wind data, although the gathered datasets are 
short-term and low-confidence intervals [1]. From the perspective of wind energy applications, high wind speeds 
affect energy production, wind turbine stability, and lifetime, and hence, it's crucial to possess precise information 
about high wind speeds in wind farms. The low wind speeds can also cause low power generation depending on 
turbine types, whereas high wind speeds can change turbine stability. From the meteorological perspective, these 
extremes are directly linked to severe storms. If these risk values are known, it will be easier to reach a conclusion 
in the risk analysis. Calculation of probability transitions for wind intensities with different distributions (Weibull, 
Rayleigh, log normal, or Gamma frequency distribution functions) is of great importance in determining the 
occurrence of wind intensities [8,9]. 
 
Extreme wind conditions must be predicted prior to wind farm projecting for technical and economic aspects. In 
practice, the Constant Extreme Wind Speed Model and Turbulent Extreme Wind Speed Model in the IEC 61400-I 
standard are used for determining the extreme conditions in a specific region [10].  
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EXTREME WIND SPEED ANALYSIS 
The data used in this paper were collected from a database of New European Wind Atlas Project [11], created by a 
team behind NEWA consisting of 30 partners from 8 European countries. The publicly available mesoscale data in 
the atlas covers Europe with a resolution of 2-3 km. The generated 10-minute average wind speed data within the 
period of 2016-2017 used for the following 50-years wind analysis in this section. These calculations were applied 
for the regions and selected provinces of Turkey as study areas. The maximum wind speeds were calculated as 
reference speed for each city in Turkey by applying the EWM in IEC Standard 61400-1 [10]. 
 
The EWM is based on the reference wind speed (Vref) and a constant turbulence standard deviation (σ1) [10]. When 
the constant extreme wind model has first been examined; Ve50 shows the extreme wind speed that has been 
repeated for 50 years. The extreme wind speed with a 1-year return period is shown with Ve1. Ve50 is defined as the 
function of height (z) and Vref. Ve1 is the function of Ve50 and height (z). The value of height, which is z level, is 100 m 
and hub height, which is referred to as zhub in the equation in [10], is 80 meters.  The Mediterranean region is selected 
as an example to represent the calculated maximum winds of selected provinces in Table 1.  

Table 1. Extreme winds of provinces in Mediterranean Region 

Provinces Max V(2016) Ve50(2016) Ve1(2016) Max V(2017) Ve50(2017) Ve1(2017) 

Mediterranean Region 

Adana 37.71 38.65 30.92 36 36.89 29.52 

Antalya 47.86 49.05 39.24 45.96 47.1 37.68 

Burdur 22.67 23.23 18.59 24.74 25.35 20.28 

Hatay 29.51 30.24 24.19 27.91 28.6 22.88 

Mersin 28.86 29.58 23.66 27.01 27.68 22.14 

Isparta 28.76 29.47 23.58 27.9 28.59 22.87 

Kahramanmaraş 29.69 30.43 24.34 28.69 29.4 23.52 

Osmaniye 28.91 29.63 23.7 28.8 29.52 23.61 

 
In this study, both the AMM and POTM for the regional analysis of extreme wind speeds in Turkey were applied. 
Extreme wind speeds for various return periods of 2, 20, and 50-years were predicted using the AMM. As a result of 
the analysis made using the POTM, extreme wind speeds for various return periods of 10, 50, and 100-years were 
estimated to select the threshold, the POT package which has various tools to define an appropriate desired value, 
including the tcplot and mrlplot functions, were preferred [12]. Fig. 1 shows the threshold selection for the 
Mediterranean region using tcplot function in R software, and it is determined clearly that a threshold of 25 m/s is an 
appropriate selection. For the foremost reasonable threshold selection, mrlplot function could be additionally 
implemented. The mean residual life plot for the Mediterranean region using mrlplot function, and it is evaluated that 
there is a non-linear behavior detected above 27 m/s in this figure. Hence, it is decided that the threshold value 
should be selected as 25 m/s as determined after the results of tcplot function. The probability plot and Quantile-
Quantile plot (Q-Q plot) were applied to the dataset and these methods represented quite well agreement with the 
data through the entire range. It is estimated that there will be 35 m/s as the extreme wind in 10 years, and 
additionally, approximately 37 m/s in 50 years and 39 m/s extreme wind in 100 years. 

CONCLUSIONS 

The maximum wind speeds as a reference value for each city in Turkey by applying the EWM in IEC Standard 61400-
1 were calculated. Extreme winds which will be repeated in 1-year and 50-years were calculated using these 
reference values. It is estimated that, in the Marmara and Aegean Region, the highest extreme wind speeds with 
different return periods of 10, 50, and 100-years were estimated using POTM as 40 m/s and 45 m/s, respectively. 
Consistent with the EWM results, the highest wind speed in 2016 within the return period of 50-years was expected 
to occur in Antalya and estimated at 49.05 m/s. Similarly, for the period of 1-year, the maximum wind speed was 
expected to occur in Antalya and estimated at 39.24 m/s. Comparing the results of 2016 and 2017, there have been 
no significant differences in estimated extreme wind speeds. As mentioned above, the highest wind speed in 2017 
was expected to occur in Antalya, which is estimated at 37.68 m/s for the return period of 1-year, and 47.1 m/s for 
50-years. 
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ABSTRACT  

With the increasing consumption of fossil fuels and environmental concerns, green energy development and storage 
technology has become a major topic. Nanocellulose gained tremendous interests in green energy applications due to 
its renewability, sustainability, biodegradability and environmentally friendly. Furthermore, the excellent physical, 
mechanical, and optical properties of lignocellulosic biomass originated nanocellulose allow it to be regarded as a 
substitute material to fulfill the increasing demand for fossil fuels and the environmental crisis. The main objective of 
this paper is to review the use of nanocellulose materials in energy devices such as supercapacitors, lithium-ion 
batteries and solar cells.  

Keywords: Energy Device, Energy Storage, Nanocellulose, Solar Cell, Supercapacitor 
 

INTRODUCTION 

Fossil fuels have long been an important source of energy for fulfilling the increasing global energy needs. However, 
it has a lot of disadvantages, including pollution and global warming [1]. In the past decade, researchers have 
researched low-cost and energy-efficient green materials from renewable sources as candidates to replace some 
traditional materials in the manufacturing of energy devices in limiting negative impacts on the environment [2]. 
 
In this context, lignocellulosic biomasses are promising of green, renewable, and sustainable materials. Cellulose is 
the most ubiquitous and abundant biopolymer on the world. Nanocellulose is a type of cellulose with one dimension 
in the nanometer range (<100 nm). Nanocellulose materials are subdivided into three categories: cellulose-nanofibrils 
(CNF), cellulose nanocrystals (CNC) and bacterial nanocellulose (BNC). It can be derived from various of sources, 
including plants, trees, algae, bacteria, and even some animals. Among many other sustainable nanomaterials, 
nanocellulose is drawing increasing interest for use in energy due to its attractive properties [3]. 
 
This review focuses on the most recent developments in nanocellulose-based materials for energy storage applications. 
 
APPLICATIONS OF NANOCELLULOSE IN ENERGY APPLICATIONS 

Nanocellulose is used as a component in lithium-ion batteries, supercapacitors, solar cells, photoelectrochemical 
electrodes, and nanogenerators [4]. 

 

Figure 1. A schematic representation showing the use of nanocellulose to energy storage applications [5]. 
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Figure 2. A summary of the properties of nanocellulose for energy storage applications [5]. 
 
CONCLUSIONS 

The use of nanocellulose as a component in modern energy devices and systems may usher in a new era of material 
innovation. It has enormous materials application potential in a variety of energy-related areas. According to recent 
studies, nanocellulose is a potential piezoelectric material. Cellulose nanocrystals have the potential to improve the 
power conversion efficiency of solar cells. Although nanocellulose has unique properties for energy storage devices, 
there are several difficulties that must be solved in the future. It is currently difficult to produce nanocellulose on a large 
scale with high quality. The high manufacturing costs are a cause of concern in the production of nanocellulose. New 
methods for producing nanocellulose with large-scale production and low cost should emerge. 
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ABSTRACT 

Cities have not been planned considering the energy they demand. The environmental crisis has led to center the 
attention in the energy conservation at building scale. But, the energy efficiency of the city does not depend on the sum 
of bioclimatic buildings. Being the planning of the urban form necessary to combine the performance of the buildings 
with the environment. In this frame, the urban certification systems incorporate the valuation of energy efficiency. This 
work analyzes four systems (BREEAM, LEED®, Green Star, and CASBEE), detects from the set that which in its 
categories emphasizes the relationship between urban form and energy consumption; and applies it to a set of cases 
in the study area. Analysis shows that LEED® places greater importance on urban form planning. However, when 
evaluating the performance between LEED® and the case studies, it is detected that the urban form-energy 
consumption relationship is not congruent between the certification requirements and the consumption obtained. 

Keywords: Urban form, Urban scale certification, Energy efficiency 

 
INTRODUCTION 

Cities worldwide will demand 40% more energy resources by 2030 [1]. This projection is preoccupying, since in general 
terms cities have not been planned considering the energy they consume, or how the increasing cost or scarcity of this 
resource can affect development [2]. The energy efficiency on building scale is a topic commonly approached by the 
scientific community with several studies and application cases. However, this trend does not have been reflecting at 
the urban scale at the same magnitude. In this sense, working on the intermediate scale of the city, neighborhoods or 
communities, surpasses the analysis of buildings as units and of the city as a whole. This study scale can be a great 
advantage for sustainability, since it has been shown that actions at the local level tend to generate large-scale 
repercussions [3, 4]. 

That is why considering the energy component associated to the urban form is important during the design and planning 
stages in order to generate energy efficient urbanization's [5]. This consideration is very important to guarantee good 
standards in the urban form-energy consumption relationship. Previous studies in the Metropolitan Area of Mendoza, 
Argentina (AMM) show that there are strong correlations between variables of the urban form and the associated energy 
consumption. There were found optimal design combinations to reduce energy consumption by up to 37% between 
different alternatives [6]. These results shows that the form of the built environment can increase or decrease the effects 
of strategies associated with reducing energy consumption and the sustainability of a model urban.  

In recent years, new tools have been developed and implemented from different perspectives to certify, under 
parameters of social, economic and environmental sustainability, the design of new neighborhoods and communities. 
These systems seek to improve the built environment through developments that value and respect the natural 
environment, that contribute to improving the quality life of citizens, and reduce the consumption of fossil resources. 
This is how certification systems, by targeting actions at the local level, can play an important role since having these 
tools allows urban planners to have a set of measures and parameters from which to implement actions to improve their 
development. The present work was developed based on three main objectives: (i) analyze the categories considered 
by the most widely used and implemented urban scale certification systems; (ii) detect the system that considers the 
urban form-energy consumption relationship within the categories; and (iii) apply this system to a group of cases in the 
study area (AMM) and verify if the certification system is consistent with the results previously obtained from the urban 
form-energy consumption relationship. 
 
METHODOLOGY 

First, we identified and selected urban scale certification systems. At international level, there are several certification 
systems that have developed and adapted their version for urban scale: “BREEAM” Communities (United Kingdom), 
“LEED®” Neighborhood Development (United States), Green Star Communities (Australia), “CASBEE” Urban 
Development (Japan), “DGNB” Urban Districts (Germany), “HQETM” (France), Pearl Community Rating System 
(United Arab Emirates). Within this group the most widely used worldwide were analyzed. This condition was 
determined by counting the number of certifications granted to date for each system in its urban-scale version, taking 
as a cut-off line those systems with more than ten certifications granted.  
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The next step was to analyze and contrast the categories considered in the selected certification systems. Each system 
evaluates the communities by categories, according to a check list that give a final score and the certification level 
achieved. To know and analyze the categories that make up each system, the official technical manuals were consulted. 
The categories with the associated credits of each system were systematized in a spreadsheet. With this information, 
the percentage weight of each category in each system was determined. It is important to clarify that in order to make 
a fair comparison, the total credits of each system were normalized to 100%, since there are variations between them. 
The quantitative analysis is presented in the conclusions section. 

Finally, the design parameters determined by the selected certification system were applied to three neighborhoods of 
the AMM where energy performance is known empirically from previous studies [6]. These neighborhoods were 
monitored micro-climatically during the summer, they were adjusted in the ENVI-met simulation software, and with the 
output data the estimation of energy consumption was made considering only the performance of outer space for the 
summer condition. The three neighborhoods analyzed present the typical urban development model of the AMM and 
respond to three types of patterns -Rectangular, Multiazimutal, Cul-de-Sac-. The urban characteristics are: residential 
and commercial use, 20 m wide streets forested with 2nd magnitude trees, 3 m wide sidewalks, 3 m high single-family 
homes with homogeneous designs and materials. 
 
CONCLUSIONS 
The four most used urban scale certification systems are: BREEAM, LEED®, Green Star, and CASBEE. LEED® 
prioritizes the urban form-energy consumption relationship to a greater extent in the “Neighborhood Pattern and Design” 
category (37% of weight). But this certification system reflects that the energy efficiency prioritizes the rational use of 
transport, efficiency at the building scale, access to solar resources and the rational use of energy associated with urban 
infrastructure. And to a lesser extent, the design of the pattern of a community, since it leaves flexibility to the urban 
planners to define the morphology and orientation of blocks and street widths, without considering the micro-climatic 
context.  
 
The application of all the requirements of the LEED® “Neighborhood Pattern and Design” to the three AMM 
neighborhoods shows that there is no direct relationship between the credits achieved and energy consumption 
estimated. This is because the requirements partially contemplate the variable related to urban form-energy 
consumption. This consideration is verified by observing the results obtained within the Cul-de-Sac and the Rectangular 
pattern. Both forms reached the same amount of credits (34.5), although the energy consumption is different (62592 
versus 52921 kWh).  
 
These findings addressed that certification systems are a first step to categorize a community. From the point of view 
of assessing the design of the urban form in relation to energy efficiency, LEED® system only considers partial aspects 
of a general nature. However, its regional application requires considering variables associated with the implantation 
site and microclimatic context. As well as specific aspects regarding the urban form that significantly impact energy 
consumption, in particular related to the urban canyon profile, the configuration of shadows in terms of guaranteeing 
homogeneous distributions, among others. In future stages we expect to give continuity to this theme in order to make 
a local contribution associated with the development of a certification system that deepens approaches related to the 
design of the energy efficient urban form, taking the LEED® system as a methodological reference. 
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ABSTRACT 

Greenhouse gas (GHG) emissions are primarily due to the exploitation of fossil fuel as an energy source, and one of 
the energy alternatives for the reduction of emissions is the use of renewable energy sources; one of these is solar 
irradiation conversion to useable clean energy. In the city of Istanbul, Floating PV (FPV) installation started in 2017, 
on one of the lakes with an extensive surface area and has extreme weather and wave conditions, Büyükçekmece, 
which supplies water to the city. To reduce evaporation losses and to generate electricity, two FPV prototypes were 
installed, with capacities of 90 kWp, 30 kWp. Additionally, near the lake coast a 30 kWp capacity terrestrial system 
was installed for comparison FPV electricity generation value with this.  

FPV power plants are contemporary new alternatives for terrestrial PV’s. Generally calm water bodies are preferred for 
this kind of systems. Because of extreme weather conditions in Büyükçekmece Lake wind driven waves up to 2 meters 
and this consequently let to an unbalanced load distribution on the system and hgh wave loads cause damage to the 
systems. One of the two systems called as semi-flexible, performed in the study failed due to the effects of these waves, 
however, a new designed called as full- flexible FPV survived in these severe conditions.  

The total amount of electricity generated of the first 90 kWp FPV system is approximately 17,400 kWh and the 
capacity factor is around 42% for the 467-hours, between 19.05.2017 and 04.07.2017. As seen in here capacity 
factor is very high because of summer sunny weather conditions. 

The electricity generation by the second system between 21-11-2018 and 22-12-2018 was measured as 309 kWh, 
while terrestrial PV was measured as 365 kWh and capacity factors are calculated 14.51% and 17.15%, respectively. 

The most important result of these studies is in order to remain robust in severe weather conditions with unbalanced 
load distribution, each unit that forms the system must be single pare, but whole system connections must be flexible.  
Additionally, it is not easy to say that one of the systems that FPV or terrestrial PV, has great advantages in the 
perspective of electricity generation based on measured values. 

Keywords: Floating Photovoltaic, Solar Energy, Severe Weather Condition, Sustainable Energy  

 

INTRODUCTION 

Floating Photovoltaic (FPV) systems are relatively new structures compared to its sister technology terrestrial PV. In 
the literature, the first FPV studies have started in 2007 with the installation of a 20 kWp with inclination of 1.3° South 
in the reservoir of a Hydroelectric Dam in Aichi, Japan. Designs and adaptations of FPV are made by taking PVs as 
an example. These similar designs can work in stagnant waters or regions with low wind speed for short fetch lengths. 
Previous review researches show that generally, FPV electricity generation systems are built at sheltered areas from 
the waves[1,2]. Incident wave effects on FPVs and their fixing elements have not been evaluated so far under actual 
atmospheric conditions. Beside that FPV rapidly growing technology in recent years and reached 1,314 GWp (Fig. 
1). 

 

Figure 1. FPV Total installed capacity: World Bank Group, ESMAP and SERIS. 2019. 

 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

135

mailto:kaymak@itu.edu.tr


 

Since FPV and Floating Breakwater (FB) are similar structures, experiments for FB can also be used for FPV studies 
to understand response of these power systems under wind driven harsh wave conditions. The results obtained by 
Loukogeorgaki et al. [3] were found to be the same as the problems such as failure of connectors and failure of 
mooring lines faced by the authors of this study on the lake. Comparison between FPV and terrestrial PVs electricity 
generation is realized by Choi [4], who showed that the efficiency of floating is higher than terrestrial system. 
 
MATERIALS AND METHODS  

FPVs are generally divided into two types as a pure float and hybrid. Pure type is combined from Poliethilen (PE) 
pontoon and PV panel, hybrid type is combined from PE pontoon, metal frame and PV panels. However, as 
mentioned before projected area subjects to strong Northern and Southern winds on the lake surface, which reaches 
occasionally up 43 m/s. and so that hybrid type FPV is suitable for this location. Installation stage 90 kWp, called as 
semi-flexible, is given in Figure 2a and 3D drawing and general view of 30 kWp system, called as full flexible, is given 
in Figure 2b. These hybrid FPV systems are new designed and firstly applied to open sea lake conditions (Figure 2). 

 

Figure 2. (a) 90kWp FPV System (semi-flexible) (b) 30 kWp FPV System (full-flexible) 
 
The total amount of generated electricity at the same time period is measured as 5211 kWh for terrestrial PV and 
5189 kWh for semi-flexible FPV in June 2017. After this time, period, severe weather condition and wind driven harsh 
wave damaged the first system then removed from lake. 
 
Electricity generation comparison of second one in other words full-flexible FPV and terrestrial PV is given in Table 
1. As seen that electricity generation of terrestrial PV is higher than FPV system. This situation could be explained 
for short time data and winter climate conditions that cause to harsh waves and these outcomes in dynamic 
fluctuations and as a result of these situations low electricity generation would occur. However terrestrial systems 
are fixed and there is no wave and wind effect, and these advantages result in higher electricity generation in winter 
conditions. 
 
Table 1. The electricity generation by the second system between 21-11-2018 and 22-12-2018 (kWh) date. 

Type Mean (kWh) 
Standad 
Deviation 

Median (kWh) Total Electriciy Generation (kWh) Capaacity factor (%) 

Terrastrial PV 5.14 3.55 4.21 365.45 17.15 

FPV 4.35 3.44 3.19 309.09 14.51 

 

CONCLUSIONS 

Harsh waves cause to some unexpected problems during mooring, installation, maintains and survival of the systems. 
It is essential for this region to design and produce a wave-resistant system. FPV should be in harmony with the wave 
and maintains its integrity. Terrestrial PV and FPV systems do not have remarkable differences in the terms of 
electricity generation for Büyükçekmece Lake conditions. It is experienced that full-flexible hybrid design can be 
survival like this kind of severe weather condition other design cannot. 
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ABSTRACT 

In this study, capital-energy substitutability is analyzed for Turkish manufacturing industry firms between 2005-2013 
using firm-level microdata. To this end, translog cost function and cost-share equations are jointly estimated by the 
iterated seemingly unrelated regressions method. Using the estimated coefficients, Morishima and cross-price 
elasticities for capital-energy substitution are calculated. Estimations and elasticity calculations are carried out for all 
the firms and subsamples defined by firm size. 

One of the observations of the study is Turkish manufacturing firms are sensitive to increases in energy prices. 
Moreover, the sensitivity increases as the size of the firm increases. Cross price elasticity, which reflects economic 
substitution possibilities, shows that a 1% increase in energy prices is associated with a 0.033% increase in capital 
demand in small firms and %0.038 increase in large firms. So, we can say that the cross-price elasticity of energy 
prices is not sensitive to firm size. On the other hand, Morishima substitution elasticities, which reflect technological 
substitution possibilities, show that a 1% rise in energy prices causes 0.916% increase in capital-energy ratio in small 
firms and 2.392% increase in large firms. As a result, we can say that technological substitution possibilities increases 
as the size of the firm increase. 

Keywords: Energy Prices, Substitution, Morishima Substitution, Panel Micro Data 

 

INTRODUCTION 

The nature of the relationship between production factors determines the boundaries of production possibilities within 

alternative factor combinations. After the 1973 oil crisis, with the inclusion of energy as a production factor to the 

production function, sustainability & the complementary relation between capital and energy became a focus of 

interest. In micro and the macro-level relationship between capital and energy has important consequences regarding 

production process design, energy price shocks, rebound effects, energy, and environmental policies. 

To this end, after the first inspirational article, a great number of articles investigated the relationship between energy 

and capital for several countries and country groups [1]. Although most of the studies share a common structure 

regarding preference about the functional form of production function/cost function and measure of substitution, we 

observe that the existing body of research did not reach a common conclusion about the relationship between energy 

and capital.  

Statement of factor substitution as a microeconomic phenomenon gained much support and created a different path 

in the related literature [2]. As a result, in the past thirty years, the researchers have shown an increased interest in 

capital end energy substations at the firm level. However, this interest was limited by the access to firm-level data. 

The first study at the firm level investigated substitution possibilities between capital and energy for the Australasia 

manufacturing industry using cross-price elasticity and trans long cost function [3]. Following this work, there have 

been a limited number of studies for developed countries (USA, Denmark, Ireland, Italy, and Switzerland) [4,5,6,7,8].  

The purpose of this paper is to contribute to the literature by estimating substitution between capital and energy at 

the firm level of a developing country, Turkey, for the first time. Previously in many studies, substitution elasticities 

have been calculated for developing and developed countries at the aggregate industry level, but this is the first study 

that calculates substitution elasticities for developing countries manufacturing industry at the firm level [9,10]. On the 

other hand, this study is also important for Turkey because aggregate level substitution estimations are also limited 

for Turkey. Former aggregate level estimations cover important information about the topic, but they should be 

updated with a more recent and more proper data set.  

MATERIALS AND METHODS 
In this study, capital-energy substitution is analyzed for the manufacturing industry firms grouped by firm size using 
the data acquired between 2005-2013. In order to estimate substitution elasticities, factor expenditures and factor 
prices are needed. For this purpose, Annual Industry and Service Statistics Micro Data Set (Turkstat), National 
Energy Tables, domestic producer price index at sector level were used to organize necessary data sets in the study. 
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Translog cost function and cost-share equations are estimated jointly by iterated seemingly unrelated regression 
method. Using the estimated coefficients, Morishima and cross-price elasticities for capital-energy substitution are 
calculated. Substitution elasticities are calculated for all manufacturing firms and also subsamples that were divided 
by the size of the firms. 

CONCLUSION 
One of the observations of the study is Turkish manufacturing firms are sensitive to increases in energy prices. 
Moreover, the sensitivity increases as the size of the firm increases. Cross price elasticity, which reflects economic 
substitution possibilities, shows that a 1% increase in energy prices is associated with a 0.033% increase in capital 
demand in small firms and a 0.038% increase in large firms. So, we can say that the cross-price elasticity of energy 
prices is not sensitive to firm size. On the other hand, Morishima substitution elasticities, which reflect technological 
substitution possibilities, show that a 1% rise in energy prices causes a 0.916% increase in capital-energy ratio in 
small firms and a 2.392% increase in large firms. As a result, we can say that technological substitution possibilities 
increase as the size of the firm increase. 
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ABSTRACT 

Conductive polyrhpdanine (pRh) was electrochemically prepared on a Pt electrode and then modified with Pd particles 
for methanol electrooxidation reaction. Its electrochemical activity was tested in 0.5 M H2S04 solution using cyclic 
voltammetry (CV) and chronoamperometry (CA) techniques. It was found that the pRh films are electroactive for 
methanol electrooxidation reaction. Modifying the surface of pRh with small amount of Pd enhances its activity. 
Moreover, the activity of the Pd-modified thin film was better than that of the Pt bulk electrode. The enhanced activity 
was related to the enlarged real surface area, synergistic effect between the conductive polymer and the Pd particles 
as well as high intrinsic activity of Pd for this reaction.  

Keywords: Polyrhodanine, Pd-modified films, electrocatalysts, cathode, water electrolysis 
 
INTRODUCTION 

Direct methanol fuel cells (DMFCs) are one of the most promising energy converters of the future. However, their 
use in practical applications has not yet become widespread due to some important problems such as the slow anode 
and cathode kinetics not being at the desired level, the loss of effectiveness of the catalytic electrodes over operation 
time or the poisoning of anode by adsorption of intermediates [1]. The studies have been performed to improve better 
electrodes to overcome these disadvantages. The researchers have generally been focused on metallic 
electrocatalysts for this aim. Although, Pt has better initial activity for the electrooxidation of methanol this metal 
undergo deactivation due to poisoning by adsorption of intermediates such as carbon monoxide [2]. Also, this metal 
has limited sources on the earth and expensive. Some researchers suggested Pd for replacement for Pt in fabricating 
anode of the fuel cell due to relatively higher abundance and lower price [3]. However, there has still not been a 
solution to these drawbacks. Ni, Cu and some other metallic electrodes provide promising results for these metals. 
Unfortunately, many of them corrodes in the cell conditions especially numbers of metals are limited in acidic media. 
On the other hand, organic films provide enhanced corrosion protection ability. But organic films have been barely 
studied for this aim due to their stability in alkaline or acidic medium or their low activity as pure form. We have 
recently suggested self-assembled monolayer films of rhodanine for fabricating substrate for this process and 
reported promising results [4]. In this study, we have proposed polyrhodanine, which is a conductive polymer, as a 
novel substrate for preparing noble metal-based electrode. Metal particles can be distributed homogenously over this 
film and results with high stability. For this aim, we deposited Pd particles over the pRh thin film to obtain an effective 
anode material for DMFs. Some electrochemical techniques were used to test performance of the Pd-modified pRh 
composite thin coatings. 
 
MATERIALS AND METHODS 

The pRh films were electrochemically synthesised on a Pt electrode (10mmx10mmx1mm) from 0.01 M monomer 
containing 0.3 M ammonium oxalate solution using cyclic voltammetry technique by cycling the potential between 0.00 
V and 1.40 V at a scan rate 100 mV s-1. A Pt electrode and Ag/Ag/AgCl (1 M KCl) were used as counter and reference 
electrodes, respectively. Totally 200 segments were applied to the system. The details were given elsewhere [5].  
 
1 mg cm-2 Pd was deposited over the pRh surface from 5 mg PdCl2 containing 0.1 M HCl solution as conductive 
electrolyte by applying 10 mA cathodic current for 363 s (Pt/pRh-Pd). Before the tests, -50 mA cathodic current was 
applied to the electrolysis system to clean and activate the surface as well as obtain a stable surface. 
 
The modified surfaces were characterized by surface characterization and electrochemical techniques. Methanol 
electrochemical activity of the electrodes was investigated in 0.5 M H2SO4 solution in the absence and presence of 
1.0 M CH3OH using various electrochemical techniques. The temperature of solutions was thermostatically controlled 
at 298 K. 
 
RESULTS AND DISCUSSIONS 

CV s of the Pd-modified pRh electrode obtained in 0.5 M H2S04 solution are shown on Figure 1a. For comparison, 
the same curves of Pt/pRh and the bulk Pt electrodes are comparatively given on the same figure. Apparently, the 
pRh films are active for the methanol electrooxidation reaction. On the other hand, modifying surface of the polymer 
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with small amount of Pd enhances its activity for this process. Moreover, the Pd-modified electrode has better activity 
for that of the bulk Pt electrode. The enhanced activity can be explained by enlarged surface area and possible 
synergism between the metal particles and the conductive polymer. The data provided on Figure 1b clearly show that 
the Pd-modified electrode has higher time-stability for the electrooxidation reaction. 
 
  

 

 

 

 

 

 

 

 

Figure 1. Cyclic voltammograms (a) and chronoamperometry curves (b) of the electrodes obtained in 0.5 M H2S04 
solution (Scan rate: 100 mV -1, the potentials applied for chronoamprometric curves are provided on the figure) 
 

CONCLUSIONS 

Conductive polyrhpdanine (pRh) was electrochemically prepared on a Pt sample and then modified with Pd particles 
for the methanol electrooxidation reaction. The thin metal-organic composite film was tested as possible anode material 
for DMFs in acidic solution. Very homogenous polymer films were prepared over the Pt surface and the Pd particles 
were almost homogenously distributed over the film. It was found that modifying the surface of pRh with small amount 
of Pd enhances its activity. Moreover, the activity of the Pd-modified thin film was better than that of the Pt bulk electrode. 
The enhanced activity was related to the enlarged real surface area, synergistic effect between the conductive polymer 
and the Pd particles as well as high intrinsic activity of Pd for this reaction.  
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ABSTRACT 

The ability of smartphones to perform multiple tasks has grown with technological advancements in software, design, 
and materials. But the capability of these devices is still being limited by their thermal management abilities. With an 
intent to deepen understanding of this problem, this work examines the temperature changes in encased 
smartphones while they perform more than one task simultaneously. The thermal profiles of the phone surfaces were 
obtained using an infrared camera, and the phones’ inbuilt thermal sensors were used in ascertaining their battery 
and processor temperatures. To properly understand the effect of the number of tasks on phone temperature and 
performance, a single-task set, double-task set, and triple-task set of experiments were conducted. Results revealed 
that there is a positive correlation between the number of tasks being run and the increase in the phones’ internal 
and surface temperatures. However, the test (i. e. encased) phone exhibited greater temperatures, mainly due to the 
insulating property of the case material.  

Keywords:  Heat, multitasking, phone case, smartphone, temperature. 

INTRODUCTION 

Smartphones have indeed become a notable feature of human life in the 21st century. From Xiaomi’s Redmi Note 9 
to Apple’s iPhone 11, these technological marvels have thrived because of their ever-improving features and 
unrivalled usability. However, the design considerations that make the smartphone a ‘handheld computer’ have come 
at the cost of other engineering considerations. Chief among these are heat generation and dissipation, both of which 
are responsible for a large fraction of smartphone failures [1]. 

The major sources of heat within a smartphone are the battery and the components mounted on the circuit board—
which include transistors, resistors, and integrated circuits. Heat is generated through their resistance to electric 
current when the phone is in use, and this heat travels to the smartphone surfaces via “cooling paths” [2]. With extra 
heat being generated by the battery due to entropy change [3], it becomes increasingly difficult to maintain a safe 
range of temperature for these internal components while keeping the phone surface temperature below the 45°C 

threshold [4] and preventing excessive, dangerous exposure to the infrared radiation [5]. 

Among other responses to this problem, Grimes et al. [6] integrated a fan into a mobile phone and achieved up to 
60% increase in heat dissipation—an active cooling solution that would reduce phone portability. Gurrum et al. [7] 
successfully used ‘gap filler pads’ made of a silicone-ceramic mixture to establish contact between surfaces originally 
not in contact and accelerate heat transfer by conduction. And Tomizawa et al. [8] found that phase change materials, 
materials that absorb heat at constant temperature but change phase due to their latent heat of fusion, would be 
highly instrumental in thermal management.  

All of these attempts point to an improvement in smartphone internal design. But it should also be remembered that 
smartphones generate heat due to the tasks run by their users. It is quite common nowadays to find smartphone 
users running many applications simultaneously, applications which have varying demands and levels of impact. 
Thus, this study focuses on this user-based facet of heat generation. Additionally, because phone cases have 
become a prominent accessory to smartphones, their impact on smartphone thermal behaviour shall also be 
investigated. Specifically, this study aims to evaluate the effect of multitasking (that is, running more than one app) 
on the thermal response from a mobile device while encased in a plastic smartphone case. 

EXPERIMENTATION, RESULTS, AND DISCUSSIONS 

The tests were conducted in a wooden cuboid-shaped chamber. The chamber had five of its inner surfaces lined 
with aluminium foil to prevent heat exchange with the external environment, while the sixth surface was made of 
glass. Two identical smartphones were placed adjacently in the box, one encased in a plastic case (test phone) and 
the other not encased (control phone). To adequately compare the effects of the number of apps being run, three 
sets of tests were executed: the single-task set, the double-task set, and the triple-task set. Each test lasted for 30 
minutes, with the Seek Compact infrared camera being used to take thermal images (or thermograms) of the phones 
at the beginning and end of the tests. Additionally, the phones’ inbuilt thermal sensors were used to obtain their 
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battery and processor temperatures. To reduce errors and improve accuracy, all background tasks were disabled on 
both smartphones, and their batteries were fully charged before each test. 

A survey was conducted to determine the most frequently used apps by people in the local community. Consequently, 
the experiment involved the following tasks and corresponding applications: offline music playing (Muzio Player) for 
the single-task set; offline music playing (Muzio Player) & social media (Instagram) for the double-task set; and social 
media (Instagram), internet browsing (Google Chrome), & video streaming (YouTube) for the triple-task set. 

Fig. 2 shows the thermograms obtained from the tests. In each case, the test phone is on the left while the control 
phone is on the right. The thermal images reveal an increase in heat zones after every experiment, with the largest 
increase being observed in the triple-task set. Especially in the double and triple-task sets, there is a clear difference 
between the thermograms of test and control phones.  

 

 

 

 

Figure 1. Thermograms of smartphones before and after running tasks. 

 Similarly, Fig.23 illustrates the changes in temperature for the 
processors and batteries of test and control phones. The test 
processor reached the highest temperature in all cases, passing 
60°C during the triple-task set. Additionally, this test processor 
temperature did not increase in a linear fashion but surged up in the 
first three minutes and gradually increased to the maximum 
temperature. 
 
CONCLUSION 
The thermograms and graphs show that there is a positive 
relationship between the number of tasks being run and the 
smartphone temperature. And the encased phone exhibited higher 
temperatures than the non-encased phone in all cases, proving that 
the plastic casing inhibits heat dissipation at the detriment of the 
smartphone. Besides focusing on improvements in smartphone 
internal design, further research could seek to develop new casing 
materials that balance heat dissipation with optimal user experience. 
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Figure 2. Graph of internal temperature 
distributions against time. 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

142



 

Submission ID: 47 
 

INVESTIGATION OF LSTM FOR ENERGY DEMAND RESPONSE APPLICATIONS 
 

1 Merve GULER, 1,2* Derya Betul UNSAL 
1Sivas Cumhuriyet University, Graduate Instıtute of Science, Department of Energy and Technology Engineering, Sivas, Turkey  

2 1Sivas Cumhuriyet University, Renewable Energy Research Center, Sivas, Turkey 

 
*Corresponding author e-mail: dbunsal@cumhuriyet.edu.tr 

 

ABSTRACT  

Today, increasing energy demand in parallel with the increasing population and developing technology emerges as an 
important component of energy production planning and smart grids. The load estimation method chosen has a critical 
importance in energy production so that stability cannot be mentioned in a network structure where the supply-demand 
balance cannot be achieved, and the network balance can be provided. In this study, different load estimation methods 
based on machine learning are examined according to their advantages and disadvantages for short-term, long-term 
and medium-term forecasts. In order for the methods to be superior to each other, the missing points were specified, 
and when examined from many different points, attention was drawn to the superiority of LSTM's energy production 
estimation.  

Keywords: Energy Demand, LSTM, Smart Grid 
 
INTRODUCTION 

In recent, machine learning-based forecasting methods are used in many areas such as weather, stock market, 
econometric forecasts, energy production and consumption forecasting. Despite the latest technological 
developments, the inadequacy of storage solutions for electrical energy has made it necessary to consume the 
energy as soon as it is produced and to provide the supply-demand balance in real time. This balancing has become 
a very important issue as it will provide great convenience for the economy of the countries in the interconnected 
network. In addition, energy saving has gained great importance in order to minimize environmental factors and 
foreign dependency. Therefore, any problem that may occur in the electricity market, Energy markets need supply-
demand estimation methods applied by making arrangements in electricity transmission distribution systems in order 
to prevent them before they occur. In the literature, among the various electrical estimation methods developed in 
recent years, the most preferred methods have been selected and examined. In the studies examined, it has been 
observed that the estimation methods generally include the estimation of residential load in smart grids and the 
estimation of the electricity load provided to the grid by solar and wind from renewable energy sources. The literature 
studies examined in this context are discussed under two headings, namely, load estimation in Buildings and 
Renewable Energy sources. Among the various electricity estimation methods developed in recent years, the most 
preferred methods have been selected and examined. In the studies examined, it has been observed that the 
estimation methods generally include the estimation of residential load in smart grids and the estimation of the 
electricity load provided to the grid by solar and wind from renewable energy sources. The literature studies examined 
in this context are discussed under two headings: load estimation in Buildings and Renewable Energy sources. 
Among the various electricity estimation methods developed in recent years, the most preferred methods have been 
selected and examined. In the studies examined, it has been observed that the estimation methods generally include 
the estimation of residential load in smart grids and the estimation of the electricity load provided to the grid by solar 
and wind from renewable energy sources. The literature studies examined in this context are discussed under two 
headings, namely, load estimation in Buildings and Renewable Energy. 
 
ANALYSIS OF METHODS  

Based on the literature studies, a brief review and comparison of the most used prediction methods, deep learning 
method (CNN, LSTM), Support Vector Machines (SVM), Time Series Analysis (ARIMA) methods, are describes in this 
section.  
 
For buildings, ARIMA and decomposition models were measured with the energy consumption of 100 commercial 
buildings every 5 minutes using AMI that allow energy companies to improve their energy management [1]. Designing 
the long, short-term memory (LSTM) model according to the rolling window method to estimate the energy consumption 
of a university as a deep learning framework and the model would perform better with the size of the data set [2]. A new 
deep learning model loT-based system for load estimation aimed to increase the prediction sensitivity significantly with 
daily consumption forecast network (DCEN) and intraday load forecast network (ILFN) for use in regions with various 
climates and has valid efficiency [3]. A two-stage infrequent cyberattack model for smart grids proposed and developed 
an improvement defense mechanism based on time interval prediction in [4].  
 
For renewables, new probability distribution model based on wind energy prediction error statistics is proposed to wind 
farm in Shandong provinces with Gauss function and Lagrangian multipliers to large-scale systems in [5]. Another new 
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short-term load prediction based on LSTM, different from existing wind energy estimation methods, is provided the layer 
training of the prediction system deep belief network (DBN) with a limited Boltzmann machine (RBM) [6]. Synthetic wind 
flow produced by Large Eddy Simulation (LES) was used as input, and hard parameter sharing imprinted on the turbine 
blade with multitasking learning (MTL) in [7]. Convolution Integral Based Multivariate Gray Model forecasting methods 
are investigated in [8]. For the PV system output power estimation, a deep neural network model called PVPNET and 
proposed model which based on LSTM is tested and the LSTM and Random Forest (RF) obtained better results than 
the other two systems [9]. 
 
Deep learning, which is one of the learning techniques developed with machine learning, is a product of rapidly 
developing technology. Deep learning is an important competitive in complex predictions, with strong learning ability, 
which can extract features from various training data [10]. Unlike a single neural network layer, LSTMs have four 
different layers. CNNs are a neural network similar to ordinary neural networks and are a learning algorithm that takes 
place in the input image, assigns various directions to various objects in the image and can differentiate and separate 
them from each other. For the LSTM network structure, the calculation formula for each LSTM unit is as follows with 

𝑓𝑡 input threshold 𝑖𝑡  the previous cell status, Ĉ𝑡 cell status, 𝐶𝑡  output threshold 𝑜𝑡 and 𝑔𝑡 current cell output [11] ; 

                    𝑓𝑡 = 𝜎(𝑊𝑓 ∙ [𝑔𝑡−1, 𝑥𝑡]) + 𝑏𝑓                       (1) 

                  𝑖𝑡 = 𝜎(𝑊𝑖 ∙ [𝑔𝑡−1, 𝑥𝑡])  + 𝑏𝑖                       (2) 

         Ĉ𝑡 = tanℎ (𝑊𝐶 ∙ [𝑔𝑡−1, 𝑥𝑡])  + 𝑏𝐶                       (3) 

            𝐶𝑡 = 𝑓𝑡 ∗  𝐶𝑡−1 + 𝑖𝑡 ∗ Ĉ𝑡                                    (4) 

                𝑜𝑡 = σ  (𝑊𝑜 ∙ [𝑔𝑡−1, 𝑥𝑡]) + 𝑏𝑜                        (5) 

                    𝑔𝑡 = 𝑜𝑡 ∗  tan ℎ (𝐶𝑡)                                 (6) 

Support vector machines (SVM) have come today as the preferred method for classification tasks. It is generally 
used on statistical learning theory and has been developed to minimize classification error. While using the SVM 
method in energy estimations; The proposed training model is applied to the data set. The reference vector of each 
training data is created and the desired day's load estimation is tried to be made with the past forecast data [12]. In 
SVM, the output values are trained to learn with known and current input values which serves to generate the output 
of future. When training an SVM model, the parameters to be selected for a good performance value are very 
important. 

Time series is a set of sequential measurements over time of any quantity of interest and is frequently used in 
estimation methods. It includes several methods such as Autoregressive Integrated Moving Average (ARIMA) is 
basically a model consisting of autoregressive process (AR), regression (I) and moving average (MA) [12].  

While ANN, SVM and time series analyzes can be preferred for very short-term forecasts, it is observed that in short-
term forecasts, time series analyzes give good results up to weekly predictions, and SVM and ANN models perform 
well for hourly observations in medium-term forecasts. In long-term forecasts, SVM is preferred for analysis of annual 
estimates, while a significant decrease is observed in the bottom-up preference [13-15]. Overall, the LSTM 
architecture was able to classify a large percentage of cases correctly. As a result, it can be said that LSTM meets 
the estimation need to a great extent. Many estimation methods have been examined in literature studies and 
estimation variables; Accuracy analysis of many value estimation methods such as electricity price, temperature, 
time or income has resulted in different output results in [16]. 

 
CONCLUSIONS 

In order to determine which model performs best when examined from various perspectives and randomly, the most 
cited scientific studies on deep learning in the literature between 2017 and 2020 and the estimation methods they used 
were examined and compared. Since there are many factors affecting the performance of each study, direct comparison 
was not made, and an average result was tried to be obtained. Although different comparisons were made, it was seen 
that the LSTM method obtained more efficient, faster and more accurate results in all of the results. In this context, it 
has been concluded that LSTM can be preferred as a more effective method for load estimation in buildings and 
estimation of energy to be given to the grid in renewable energy sources, especially solar and wind applications. 
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ABSTRACT  

In this paper, we propose a smart transmission protocol to monitor the voltage and frequency data of a microgrid 
system. Additionally, developed transmission protocol protects the systems against voltage and frequency fault 
conditions according to the grid code requirements of a microgrid defined in IEEE 929-2000. The grid code protection 
requirements include Over Voltage Protection (OVP), Under Voltage Protection (UVP), Over Frequency Protection 
(OFP), and Under Frequency Protection (UFP). Visible Light Communication (VLC), which is a wireless optical 
communication system, is used to transmit data from transmitter to receiver. An 8-IPPM data mapping method is 
improved to transmit fault conditions, voltage, and frequency values. Additionally, transmitter and receiver are 
implemented on a Field Programmable Gate Arrays (FPGA) board. First, the transceiver system is designed on the 
FPGA compiler. Afterward, it is observed that the simulation results for the proposed transmission protocol by using 
Modelsim Altera. In the last stage, the transceiver is implemented on the LabVIEW FPGA board to monitor and 
protect the grid system.  The proposed VLC-based method prevents switching and data losses encountered in 
standard protection relays. Thus, it can be easily implemented for smart grids in practice, especially for innovative 
monitoring and protection methods required for microgrids. 

Keywords: Visible Light Communication; 8-IPPM; Smart Grid; Power System Protection; Microgrid 

 
INTRODUCTION 

The Visible Light Communication (VLC) is a promising technology for Wireless Optical Communication Systems [1]. 
Compared with Radio Frequency (RF) communication, the VLC systems cannot affect from electromagnetic 
interference. Thanks to this characteristic, the VLC systems are very appropriate for Electrical Substations and 
electrical generating systems where include intense electromagnetic radiation.  
 
An FPGA-based communication system was used to transmit the generated signal to the receiver. The BPSK (Binary 
Phase Shift Keying) technique is implemented on FPGA board [2]. In [3], a protection against cyber-attacks, which 
is used to monitor the IPFIX system, is improved for the smart grid. It is aimed to provide both security and monitoring 
in the paper. Another paper focuses on a communication infrastructure for Low Voltage (LV) grids by considering the 
state estimation since the Distribution System State Estimation (DSSE) has been considerable attention from many 
researchers [6]. In the paper, the idle times that are allocated by Smart Meters (SMs) are used to provide the 
monitoring of distribution systems. In recent decades, wireless sensor networks have been implemented on many 
applications due to its low power consumption. The power systems also consist of sensor devices; hence, references 
[4] carried out the communication connection among the power systems devices by using wireless sensor networks. 
The wireless network systems such as Zigbee and 802.11g are very useful for monitoring and transmission of data. 
Hence, some studies use wireless system standards to monitor both PV systems and smart grid [5].  
 
In this paper, we improve a smart communication substructure for microgrid systems by using the VLC system instead 
of RF and Power line communication systems. The main contributions of this paper are summarized as follows   

• We propose a VLC transceiver system that uses 8-IPPM technique to provide the data transmission. We 
describe a data mapping method for fault conditions, voltage, and current amplitudes. 

• In our scenario, the fault detection is carried out at the transmitter side. The type of fault is transmitted to the 
receiver by using a data packet, which consists of eight bits. Four fault conditions, which are defined in IEEE 
929-2000 [25] as OVP, UVP, OFP, and UFP, are registered a packet by using an improved fault coding 
method. Four code streams are generated to define the type of fault. 

• We designed all monitoring system using our communication system instead of wireless system standards. 
This case provides flexibility to update the communication substructure for future grid systems.  

 

PROPOSED METHOD 
In this study, we propose a data transmission process with 8-IPPM technique. We select the 8-IPPM signal since the 
filled slot number is 7. Moreover, the technique can simultaneously transmit the data of three signals to the receiver 
side as one symbol of the 8-IPPM signal consists of three bits. The bit number is expressed by n if 2n denotes M 
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modulation order. The modulation order is 8 for the 8-IPPM technique so, the n is 3. Fig. 1 shows the general 
schematic of the proposed method. 
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Figure 1. a) Proposed Data Transmission Process, b) Data Mapping for Fault Condition, Amplitude, and 
Frequency.  for Visible Light Communication 

 
CONCLUSIONS 
In this study, grid voltage and frequency data were obtained in real-time by VLC using the LabVIEW software interface 
developed based on FPGA. The voltage and frequency data obtained was experimentally performed with the 
modulator/demodulator designed based on VLC. A VLC transceiver system that uses 8-IPPM technique is presented 
to provide the data transmission. In the proposed method, fault detection is carried out at the transmitter side. The type 
of fault is transmitted to the receiver by using a data packet, which consists of eight bits. Four fault conditions, which 
are defined in IEEE 929-2000 as OVP, UVP, OFP, and UFP, are registered a packet by using an improved fault coding 
method. Four code streams are generated to define the type of fault. An innovative method that enables communication 
over light, which prevents switching and data losses, has been developed. Fig. 2 shows the developed VLC system for 
monitoring and detecting faults in a microgrid. 
 

     

(a)                                                      (b)                                                         (c) 
Figure 2. Developed VLC system for monitoring. a) Experimental setup for proposed monitoring system, b) The 

transmitted (Yellow line) and received (Blue line) signals, c) Under voltage protection condition 
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ABSTRACT 

The photocatalytic hydrogen production of Carbon nanotube (CNT) deposited ZnS/Fe2O3 photocatalyst is tested 
using a laboratory-scale Sonophotocatalytic reactor. The catalyst is characterized for crystallinity, band gap as well 
as particle shape and size. Feasibility studies are carried out by varying the operating parameters and it is found that 
maximum hydrogen production is obtained at their respective optimum values. The optimized concentration of SO3

2-

, catalyst amount and photolytic volume of 0.2M, 0.5g/L and 150 mL, respectively are obtained using solar irradiation. 
The highest amount of hydrogen obtained from the sewage treatment plant (STP) sulphide wastewater is close to 
6250 μmol/h. This high hydrogen production is due to the optimization of parameters coupled with uniform mixing 
achieved by the oxidation process of sonolysis of photocatalysts. The prepared photocatalyst is found to be 
photostable for up to 5 cycles. 

Keywords: Hydrogen, Sonophotocatalysis, CNT, ZnS/Fe2O3, Sulphide Wastewater. 

INTRODUCTION 

Nowadays, nearly 85% of the global energy is derived from the non-renewable sources of fossil fuels. It is predicted 
that these fast-depleting non-renewable energy sources are likely to be completely exhausted within the next 60 
years. Moreover, the main disadvantage in using these energy sources is the increased emission of harmful 
greenhouse gases, which are known to be the key cause of climate change and global warming. The need of the 
hour is therefore the production of renewable fuel in an economically and environmentally sustainable manner. 
 
Solar photocatalytic hydrogen production is the cheapest and most sustainable way of recovering hydrogen from 
industrial sulphide containing wastewater. Several research studies have been conducted to explore the possibility 
to scale-up the Photocatalytic Hydrogen (H2) Recovery. However, none of the research studies conducted so far 
have studied this at a large-scale level. The main hurdles to this scaling-up are:  i) synthesis of an economical, 
sustainable and visibly active photocatalyst; ii) reactor design to keep the catalyst in suspension [1]. In the current 
research paper, the photocatalytic nanoparticles are kept under suspension using an ultrasonicator for good 
exposure to solar radiation for maximum and effective hydrogen recovery.  
 
In this study, Zinc sulfide (ZnS) coated with iron oxide nanoparticles is used as the photocatalyst. This visible-active 
photocatalyst has the advantages of being non-toxic as well as cost-effective.   

MATERIALS AND METHODS 

A 500 mL cylindrical photocatalytic reactor is fabricated with plexiglass material. The reactor is kept immersed in the 
sonicator bath to keep the photocatalyst in dispersion. The sonicator has a frequency of 25 kHz. It has two tubes. 
One tube is used for nitrogen (N2) gas flushing. Another tube is used to recover hydrogen through an inverted 
measuring cylinder by water replacement method. The experiments are performed using direct solar light. In the 
experiment, 0.05g of photocatalyst is added in 150 mL of reaction medium containing sulphide wastewater collected 
from a sewage treatment plant (STP) and Na2SO3 is used as the sacrificial agent. After flushing with nitrogen gas for 
one hour in each experiment, the sonophotocatalytic setup is kept under sunlight for one hour. The photographic 
view of the sonophotocatalytic reactor is shown in Figure 1. 

CONCLUSIONS 

This study has suggested / recommended / put forth a novel idea to recover hydrogen from sulphide wastewater 
using the sonophotocatalysis process. CNT deposited ZnS/Fe2O3 shows better hydrogen yield than plain ZnS/Fe2O3. 
After CNT deposition, the photocatalyst is found to have reduced band gap, particle size and is highly crystalline. 
The sonophotocatalysis process has the potential to give maximum hydrogen yield which is higher than that of 
photocatalytic method. Hence, this will be a suitable technology to scale-up the effective dispersion and exposure of 
the catalyst to sunlight for maximum H2 recovery. 
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Figure 1. Sonophotocatalytic Reactor and Hydrogen Recovery  
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ABSTRACT  
In this study, electrolyte selection in solid oxide fuel cells is emphasized. The ceramic electrolyte, which can be used at 
intermediate temperature, was synthesized and characterized by the sol-gel method. It has been discussed whether 
the conductivity properties of the obtained compounds can be used in fuel cell application. 

Keywords: Solid oxide fuel cell, Ceramic electrolyte, CeO2  

 
INTRODUCTION 
Solid oxide fuel cells (SOFC) are systems that convert a chemical reaction into energy. The structure of a single cell: 
anode/electrolyte/cathode (Fig. 1) [1]. One of the most important parts in solid oxide fuel cells is the ceramic 
electrolyte. The choice of ceramic electrolyte affects the operating temperature and efficiency of the system. Until 
now, 8YSZ is mostly used as electrolyte. However, the efficiency of the cell made with this electrolyte is high at 1000 
°C. Temperature increase limits the use of SOFC as it raises costs. The most important solution to eliminate this 
problem is to produce electrolyte with high efficiency at low temperature. It is desired that the electrolyte used is 
proton or oxygen ion conductor. Low temperature electrolytes are Bi2O3, CeO2 and LaGaO3 [2,3]. The common 
feature of these electrolytes is that they are compounds with oxygen-ion conductivity. 

 
Fig.1 Solid oxide fuel cell part 

 
Recently, CeO2 has become the preferred electrolyte with its chemical stability and conductivity value. CeO2 is a 
compound with a cubic crystal lattice that is abundant in nature. In order to increase the oxygen ion conductivity of 
CeO2, it is necessary to form oxygen vacancies in the crystal structure. The amount of space facilitates ion movement. 
In general, the amount of space is increased by doping elements with different valence valences. 
 
In this study, La-Er and La-Y elements were added to the crystal structure by sol-gel synthesis in order to increase 
the oxygen ion conductivity of pure CeO2. The structural, morphological and electrical properties of the obtained 
compounds were investigated. 
 
MATERIALS AND METHODS  

The citric acid sol-gel method was used for the synthesis of the compounds. Pure CeO2, Ce0.85La0.10Er0.05O2-d and 
Ce0.85La0.10Y0.05O2-d compounds were obtained. Precursors used were cerium (III) nitrate hexahydrate (Ce(NO3)3.6H2O 
(sigma-Aldrich 99.99%), lanthanum (III) nitrate hexahydrate (La(NO3)3.6H2O (sigma-Aldrich 99.99%), erbium (III) nitrate 
pentahydrate (Er (NO3)3.5H2O (sigma-Aldrich 99.99%), ytterbium (III) nitrate hexahydrate (Y(NO3)3.6H2O (sigma-Aldrich 
99.99%) powders. X-ray powder diffractometry, scanning electron microscopy and impedance spectroscopy were used 
in characterization studies. 

As seen in Figure 1, it was observed that all compounds had a cubic phase after the synthesis process. 
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Fig. 2 X-ray diffraction pattern for all samples in which calcinated at 800oC 

All samples were pressed before conductivity measurement. Pellet surfaces were painted with silver paste to provide 
contact. Impedance measurement curves are given in figure 2. It can be seen in Fig2 that the doping conductivity 
changes.

 

Fig.3. Impedance curce for all samples A1) pure CeO2 ,  A2) Ce0.85La0.10Er0.05O2-d , A3) Ce0.85La0.10Y0.05O2-d 

 
CONCLUSIONS 

As a result, it was found that the conductivity of the obtained two compounds was high when compared to pure CeO2. 
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ABSTRACT 
In this study, an environmental impact analysis is conducted on a newly developed photoelectrochemical (PEC) 
reactor for clean hydrogen production. For a cradle-to-grave type life cycle assessment (LCA) of the proposed 
reactor, SimaPro software is used as a powerful computational tool. The results are comparatively evaluated with 
three different hydrogen production options: natural gas steam reforming, wind-based PEM water electrolysis and 
solar-based PEM water electrolysis. The developed reactor comprises a membrane electrode assembly with a 
photosensitive stainless-steel cathode electrode coated with electrodeposited copper oxide and a TiO2 coated 
stainless steel counter electrode. The material used for building the reactor and energy required for the chemical 
reaction are considered in the LCA analysis. In the light of conducted thermodynamic and electrochemical analyses, 
hydrogen production rate of the reactor is evaluated as 45.8  μg/s while operating with an energy efficiency of 6.2%. 
The LCA analysis results show that the proposed PEC reactor-based hydrogen production emits the lowest CO2 
emissions with a value of 1.05 kg CO2 eq/kg H2 that is followed by wind-based PEM water electrolysis (1.2 kg CO2/kg 
H2), whereas hydrogen production via natural steam reforming emits highest amount of CO2 per kg of hydrogen 
(11.86 kg CO2/kg H2). 
 
INTRODUCTION 
Hydrogen is the lightest and most abundant chemical element in the universe that carries the greatest potential to be 
the key to the green energy sector for a more sustainable, cleaner and peaceful planet. As an energy carrier, 
hydrogen can significantly contribute to energy security by diversifying the energy mix and enhancing the resilience 
with different supply chains, markets and producers. Coal gasification and natural gas steam reforming together form 
majority of industrial hydrogen production [1]. On the other hand, the finite existence nature of the hydrocarbon-based 
fuels and the CO2 emissions associated with consumption activities of these energy sources make a green transition 
in global hydrogen production crucial. Photoelectrochemical hydrogen production one of many methods to produce 
hydrogen in an environmentally benign manner, which uses free and abundant solar energy as primary energy source 
to split water into hydrogen and oxygen.  
 
In the current study, the hydrogen production performance and environmental impact assessments of a novel PEC 
reactor are conducted. The environmental impact of the PEC-based hydrogen production process is evaluated by 
means of five impact categories namely abiotic depletion potential (ADP), acidification potential (AP), global warming 
potential (GWP), human toxicity potential (HTP) and ozone depletion potential (ODP). 1 kg of hydrogen production 
is defined as the functional unit for the conducted LCA study. 

 
SYSTEM DESCRIPTION  
A new photoelectrochemical reactor for hydrogen production is designed, developed and analyzed in the scope of 
the current study. Fig. 1 presents the system boundary of the conducted LCA study. The required external electrical 
energy for the chemical reaction in the PEC is provided from a PV-solar panel. Required material for reactor assembly 
and energy for hydrogen production are considered in the LCA of the proposed PEC reactor.  
 
BRIEF ANALYSIS 
The governing equations that are used in the analysis of the PEC reactor are as follows [2,3,4]: 
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Fig.1 System boundary of the conducted LCA analysis of the PEC-based hydrogen production. 

 
RESULTS AND DISCUSSION 
The proposed PEC system thermodynamically and electrochemical analyzed. According to findings, hydrogen 
production rate of the PEC reactor at a solar irradiance of 600 W/m2 and illuminated electrode area of 0.1125 m2 is 
45.8 𝜇𝑔/𝑠, and   energy efficiency of the reactor is evaluated as 6.12%. Fig. 2 shows the impact of the illuminated 
area of photoactive electro on the reactor performance. It has been evaluated that increasing the solar incident area 
provides better utilization from solar energy; hence, both efficiency and hydrogen production rate of the reactor 
increase. A comparative environmental impact analysis is conducted on the PEC reactor. Since it associates with the 
CO2 emissions, GWP is considered the most critical environmental impact criterion. In this regard, the GWP of the 
PEC reactor is evaluated as 1.052 kg CO2 eq/kg H2. This ratio makes the proposed PEC-based hydrogen production 
the lowest CO2 emitting hydrogen production method among investigated options. Fig. 3 presents the comparative 
LCA results of the corresponding hydrogen production methods. Fig. 4 shows the CO2 emission rates of the 
investigated hydrogen production methods.  

 
Fig. 2. Impact of photoactive electrode illuminated area on the PEC reactor performance. 

 
Fig. 3. Characterized LCA results of various hydrogen production methods. 

 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

153



 

 
Fig. 4. Global warming potential (GWP) of various hydrogen production methods. 

 
CONCLUSIONS 
A new photoelectrochemical design is investigated for clean hydrogen production. The hydrogen production rate and 
energy efficiency of the reactor are evaluated as 45.8 𝜇𝑔/𝑠 and 6.12% respectively. The GWP of the PEC based 
hydrogen production is 1.052 kg CO2 eq per kilogram of hydrogen, which makes the system the lowest CO2 emitting 
option among the evaluated hydrogen production methods in the scope of the current study.  
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ABSTRACT 
In this study, renewable hydrogen production and blending with natural gas for the existing distribution pipelines is 
studied and evaluated in comparison with various fuels, such as diesel, coal, biogas, and biodiesel. In this regard, solar 
and wind energy-based power systems integrated with reverse osmosis units are designed and compared in energy, 
exergy, environment and cost, respectively. Solar PV panels and wind turbines are considered for electricity and heat. 
For hydrogen-based systems, an electrolyzer is utilized to produce hydrogen. The heat required for residential 
applications is also provided in an environmentally benign way. Here, electricity, heat, and freshwater needed in a 
community consisting of 100 houses are provided. The costs of capital, fuel, operation, and maintenance are calculated 
and evaluated in detail. An environmental impact assessment is performed by comparing carbon dioxide, carbon 
monoxide, unburned hydrocarbons, particulate matter, sulfur dioxide, and nitrogen oxides. 

Keywords: Cost, Efficiency, Emission, Energy, Hydrogen, Natural Gas, Renewable Energy 
 
INTRODUCTION 
At present, environmentally, economically, and technically sustainable solutions require to overcome the increasing 
energy demand of today. Supplying diversity in energy systems to provide electricity, heat, and freshwater is vital. 
Energy reliability can be provided by employing various renewable energy sources and integrating energy storage 
options. Environmental awareness is more significant than ever. CO, CO2, SO2, NOx emissions, and unburned 
hydrocarbons are recognized as the primary environmental problems. Fossil fuel-based energy systems produce these 
gases. Using fossil fuel resources wisely by integrating renewable energy and storage options will be critical. Here, 
injecting hydrogen into natural gas is a promising way to reduce emissions. This is the only study that presents a 
comprehensive cost and environmental analysis on hydrogen injection into natural gas pipelines compared with various 
fuels. The energy, environmental impact and cost assessment studies are undertaken for the seven integrated systems.  
 
SYSTEM DESCRIPTION 
Thermodynamic, techno-economic and environmental impact analyses of the integrated system are performed 
utilizing Engineering Equation Solver (EES) and Hybrid Optimization of Multiple Energy Resources (HOMER Pro) 
software [1-2]. Wind turbines, solar PV panels, fossil fuel-based generators, a boiler, and a reverse osmosis unit are 
utilized to produce electricity, heat, and freshwater. For the hydrogen-based systems, the electrolyzer is also 
considered. Here, hydrogen injection into natural gas and use in gas cooktops and combi boilers is focused. The 
average daily electricity consumption is considered as 838.3 kWh [3]. In the summer, solar radiation is determined as 
6.5 kWh/m2 per day. The yearly average wind speed is defined as 4.73 m/s, reaching 5.3 m/s in February [4]. 

 
       (a)    (b)    (c) 

Fig. 1. Schematic illustrations of a) hydrogen natural gas blend b) fossil fuel c) biofuel-based systems. 
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RESULTS AND DISCUSSION 

The main components of the proposed systems, such as PV panel, wind turbine, generator, boiler, and electrolyzer, 
and their capacities, including hours of operation, are tabulated in Table 1. In comparison, the rated power of the PV 
panel changes between 135 kW to 2.4 MW, rater power of the wind turbine changes between 100 kW to 2.4 MW. As 
expected, the power required for the electrolyzer increase with the increase of hydrogen requirement. 
 
Table 1. Main components and their utilizations in the integrated system. 

  

     
1. Case 
(NG-80% H2-20%) 

Capacity (kW) 369 350 130 200 170 

Hours of Operation 4352 8205 3908 7203 8216 

2. Case 
(NG-20% H2-80%) 

Capacity (kW) 2428 2400 110 479 1350 

Hours of Operation 4352 8205 1330  8149 8497 

3. Case 
(Natural Gas) 

Capacity (kW) 155 100 200 278 - 

Hours of Operation 4352 8205 4754 8760 - 

4. Case 
(Biogas) 

Capacity (kW) 135 100 200 273 - 

Hours of Operation 4352 8205 4850 8462 - 

5. Case 
(Biodiesel) 

Capacity (kW) 194 250 200 278 - 

Hours of Operation 4352 8205 3362 8760 - 

6. Case 
(Diesel) 

Capacity (kW) 194 250 149 278 - 

Hours of Operation 4352 8205 3362 8760 - 

7. Case 
(Coal) 

Capacity (kW) 135 100 150 262 - 

Hours of Operation 4352 8205 4850 7971 - 

 
Fossil fuel-based energy systems produce carbon dioxide, carbon monoxide, sulfur dioxide, and nitrogen oxides. In 
addition to these gases, unburned hydrocarbons and particulate matter are emitted. Natural gas is cleaner than coal 
because of the sulfur content of coal and the higher heating values of natural gas. However, CO and CO2 are produced 
with natural gas combustion. With the hydrogen injection, up to 80%, CO2 emissions can be decreased from 812 ton/yr 
to 14 ton/yr.  
 
Table 2. Emissions generated under different cases.  

Unit 1. Case 2. Case 3. Case 4. Case 5. Case 6. Case 7. Case 

Carbon Dioxide (CO2) kg/yr 360,157 13,996 620,783 443,437 0 812,369 879,246 

Carbon Monoxide (CO) kg/yr 1,400 410 1,406 2.61 989 989 2,044 

Unburned Hydrocarbons kg/yr 61.7 18.1 61.4 0.114 43.2 43.2 90 

Particulate Matter kg/yr 8.4 2.46 8.52 0.0158 6 6 12.3 

Sulfur Dioxide (SO2) kg/yr 0 0 0 0 0 2,009 11,358 

Nitrogen Oxides (NOx) kg/yr 1,316 385 1,321 2.45 929 929 1,921 

 
CONCLUSIONS 

In the presented systems, renewable energy and fossil fuel-based power systems are analyzed and compared. Thus, 
a blend of hydrogen and natural gas is compared with various fuels. In addition, PV panels and wind turbines are 
considered as primary power suppliers. In this regard, the main findings obtained in this study are listed as follows: 
 

• The levelized costs of electricity are calculated between 0.28 and 4.01 $/kWh for seven cases. 

• The total net present costs are calculated between $1.78 million and $17.9 million for the different scenarios. 
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ABSTRACT  

Nanomaterials are challenging in simultaneous degradation of pollutants and hydrogen production. This present 
research work focuses on various visible light active iron oxide nanophotocatalysts for H2 production and dye 
degradation. The prepared photocatalysts were characterized for structure (XRD), and morphology (SEM). The 
efficiency of various iron oxide-based photocatalysts for hydrogen recovery from highly toxic sulphide-containing 
wastewater is described in this paper. Among the various iron oxide photocatalysts, Yt/Fe2O3 shows maximum activity. 
Effect of operating parameters such as sulphite ion concentration, catalyst dosage, photolytic solution volume, 
reusability studies were conducted for hydrogen production. The dye degradation studies were conducted for the 
prepared iron-based catalytic materials using Rhodamine B as the model dye. 

 Keywords: H2 production, Yt/Fe2O3, Sunlight, dye, Photodegradation. 

 
INTRODUCTION 

Industrialization and urbanization pushed us to focus more on research related to environment and energy. 
Photocatalytic process using direct solar irradiance helps to achieve the generation of renewable energy, H2 and 
degradation of pollutants [1]. Research is being done to explore visible light active, stable photocatalyst for maximum 
hydrogen production and complete mineralization of pollutants. Fe2O3 is a promising material for photocatalytic 
process because of its narrow band gap (2.1 eV), it promises a wide optical absorption in the visible light area. In 
real-time applications, Fe2O3 can increase photocatalytic activity. Incorporation of other metal oxides with Fe2O3 is 
expected to improve the photocatalytic performance several fold. Iron oxide acts as a sinker of photogenerated 
electrons and hole pairs in it co-catalyst lattice and increases the charge separation and improves the photoactivity 
[2]. In addition, co-catalyst had maximum active sites than pristine catalyst, thus enhances the hydrogen production 
as well as degradation [3, 4]. In this study, the iron oxide composites like Al2O3/Fe2O3, Sm2O3/Fe2O3 and Y2O3/Fe2O3 

were prepared to recover hydrogen from sulphide wastewater and to destroy the Rhodamine B dye by photocatalysis 
using natural solar irradiation. Focus was on preparation and characterization of iron oxide based photocatalysts, 
effect of various factors for achieving maximum hydrogen production and degradation of Rhodamine B dye and its 
kinetics.   

MATERIALS AND METHODS  

For synthesis of Pure Iron Oxide, the iron oxide nanoparticles were prepared by combustion process by using natural 
urea source (Cow urine). For this, 40.4 grams of ferric nitrate (Fe (NO3)3.9H2O) was dissolved in 100 mL natural urea 
solution and stirred for 30 minutes. Then, this homogeneous solution was heated using a hot plate continuously. The 
urea- iron nitrate solution turns into a transparent viscous gel after an hour of heating which auto ignited to form 
voluminous foam. Further heating resulted drying of the nanoparticles due to the combustion process.  
By following the above combustion process and natural urea fuel, the Iron Oxide: Aluminum Oxide nanoparticles were 
synthesized. The ferric nitrate and aluminum nitrate (Al (NO3)3.9H2O) were taken in equal molar ratio and dissolved 
separately in 50 mL fuel. After making complete dissolvent, both the solutions are transformed into a single container 
and mixed thoroughly. Then, the homogeneous solution was heated using a hot plate to precede the combustion 
process.  
 
For the Iron Oxide: Yttrium Oxide synthesis, equal quantities of ferric nitrate and Yttrium nitrate (Y(NO3)3.6H2O) were 
taken as precursor materials and dissolved separately in 50 ml natural urea. The Iron Oxide: Samarium Oxide synthesis 
process, the ferric nitrate and Samarium nitrate Sm(NO3)3 · 6H2O were taken in 1:1 ratio as base materials and dissolved 
in 50 mL natural urea separately.All the processes have yielded very fine particles which were dried and powdered well 
for further studies and characterization. XRD and SEM analyses were performed. 
 
Photocatalytic solar hydrogen production: Trapezoidal photocatalytic reactor with working volume of 1L was used to 
recover hydrogen from simulated sulphide wastewater of 0.2M sulphide ion concentration. The reactor is made up of 
acrylic material. The activities of various iron oxide (Fe2O3) photocatalysts were used to check the photocatalytic activity. 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

157

mailto:vpreethi@hindustanuniv.ac.in
mailto:srichandanaloka@gmail.com


 

The produced hydrogen was collected for one hour in an inverted measuring cylinder. All the experiments were 
conducted during the daytime between 12 to 2 pm. The solar light intensity was measured using lux meter and the 
intensity of sunlight was found to be 75000 to 82000 lux. Synthetic sulphide of 0.2M concentration and 0.1g of 
Y2O3/Fe2O3 were used to study the effect of sulphite ion concentrations (as sacrificial agent) for maximum hydrogen 
production. The effect of Y2O3/Fe2O3 amount on recovery of H2 from synthetic sulphide wastewater was studied by 
varying catalyst dose from 0.05 to 0.25 g/L. The effects of volume of photolytic solution on the recovery of hydrogen 
from sulphide wastewater were analysed by increasing the volume of photolytic solution from 1 L to 3 L. For large-scale 
hydrogen recovery from industrial sulphide wastewater, photocatalyst stabilisation is critical. As a result, the prepared 
Y2O3/Fe2O3 photocatalyst was reused for multiple runs to ensure its stability.  
 
Photocatalytic degradation of RhB: 
A 50 mg/L of stock solution of RhB was prepared. The quantification of RhB was achieved by a UV-Vis double beam 
Spectrophotometer (Systronics Model No. 2203). The peak absorbance wavelength of RhB used in the study is 554.8 
nm. Photocatalytic degradation of RhB was evaluated under the irradiation of 125W Vis Lamp with built in safety resister 
in a double jacketed quartz reactor of 1L volume with inlet and outlet openings. The lamp was placed in the quartz 
sleeve that can be inserted in the reactor at the given provision. In a typical experiment unless until mentioned, the initial 
concentration of RhB was 5 mg/L and the catalyst dose was 200 mg/L. Prior to irradiation, the reaction suspensions 
were stirred in darkness for 30min to attain adsorption-desorption equilibrium. The solution was irradiated for a total of 
4h while drawing the sample at regular intervals of 15min. The samples are centrifuged at 5000rpm with Remi make 
model number R-24 centrifuge and measured absorbance. The whole reaction solution was continuously stirred at 600 
rpm on a magnetic stirrer while the temperature was maintained at 25±2°C using cooling tank with pump.  

 

Fig 1. Photocatalytic activity of iron oxide based photocatalysts for H2 production and dye degradation 

CONCLUSIONS 

Direct solar study was conducted with Fe2O3 based photocatalysts on sulphide wastewater and achieved maximum H2 
production of 365 mL/h. The photocatalyst that has been prepared is stable for up to 6 cycles. In this study, the 
synthesized photocatalystY2O3/Fe2O3 and photocatalytic reactors were found to be effective in decomposing the 
sulphide wastewater along with generation of clean gas fuel (H2) under solar irradiation (Fig.1). These optimization 
experiments would aid in the commercialization of this technology for photocatalytic hydrogen recovery on a wide scale 
by using solar light. The as-prepared photocatalysts were also evaluated for the photocatalytic degradation efficiency 
using Rhodamine B as the model compound and the study demonstrates that the Photocatalytic degradation 
efficiencies of the iron oxide-based photocatalysts were significant under the visible light irradiation in the laboratory 
Photocatalytic reactor with pseudo-first order kinetic rates constants from 0.0051 to 0.0133 h-1. Even under sunlight 
irradiation similar trend in the degradation efficiencies were observed. In conclusion iron oxide-based photocatalysts 
demonstrate their ability in both H2 production and dye degradation efficiencies under sunlight. 
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ABSTRACT  

The energy sources, which we use today, will not be sufficient in the near future. The transportation sector is also 
affected by this lack of energy. Therefore, the availability of alternative energy sources has a critical role in the future. 
Hydrogen energy, which can be used in the chemical industry, transportation, the housing sector, is one of these 
alternative energy sources, and especially in the transportation sector, hydrogen fuel cell vehicles (HFCV) constitute 
an important alternative. However, the spread of the HFCV depends on the construction of the hydrogen refueling 
stations (HRS). In this study, the location selection of the HRS in İstanbul is examined for the long-term planning 
horizon. For this purpose, the multi-period p-median model is used, and several scenarios are implemented. 
According to the results, the HRSs are opened in the city center at the initial periods, whereas, at the end of the 
planning horizon, the HRSs are spread over the region. 

Keywords: Hydrogen Refueling Station, P-Median Model, Optimization, Technology Diffusion, Multi-Period 
 
INTRODUCTION 

Since the current energy sources will not be enough for the future, the researchers look for alternative energy 
sources. One of these energy sources is hydrogen energy which has several advantages such as low polluting fuel 
[1], providing long-term transportation [2] and storage possibilities [3], etc. Hydrogen energy, which can be used in 
different fields such as the chemical industry and housing, will have an important role in the transportation sector as 
hydrogen fuel cell vehicles (HFCV), together with electrical vehicles. Since HFCVs provide a longer range and less 
fueling time, they will be more preferable to electrical vehicles [4]. However, to increase the number of HFCVs in the 
future, it is necessary to open the required number of hydrogen refueling stations [5]–[8]. This raises the question of 
where to open the hydrogen refueling stations (HRS). To find an answer to this question, there are different studies 
in the literature, which are obtained by using various solution approaches. These approaches are classified as set 
covering models, flow-refueling location model, and p-median model ([7], [9]–[11]) by Lin et al. [12]. In this study, 
location selection of the HRS in Istanbul is examined. For this purpose, a multi-period p-median model is proposed. 
In general, p-median models requires three different parameters: supply points, demand points, and distance 
between the supply and demand points. Here, the neighborhood of the Istanbul is selected as demand points, 
whereas existing gas stations are chosen as (potential) supply points.  In order to determine the hydrogen demand, 
the number of HFCV on a neighborhood has been estimated. However, it is assumed that the adaptation to hydrogen 
energy, which is a new technology, is not the same in every district. Therefore, the development index of the districts, 
which is calculated by using education index, income index, and life expectancy index, is calculated and adaptation 
levels of districts to different technology are reflected in the demand. Then, by using the demand of the neighborhoods 
with the distance between the neighborhoods and existing gas stations, the objective function minimizes the weighted 
distance traveled by vehicle users to buy fuel. 
 

ANALYSIS AND RESULTS  

We study the location selection of HRS in Istanbul, which is the most crowded city in Turkey, for a planning horizon 
of 30 years where each period consists of six years. As we mentioned before, the neighborhoods are selected as 
demand points. To calculate the demands of neighborhoods, the following steps are used: (i) the number of vehicles 
is calculated for Turkey by using exponential smoothing function, (ii) the number of vehicles in İstanbul is calculated, 
(iii) by using current vehicle ratio of districts, the number of vehicles in districts are calculated, (iv) then to reflect 
technology diffusion of districts with different characteristics, the human development index is calculated and 
employed through an S-curve, (v) by using S-curve values, the number of HFCV in districts are calculated, (vi) with 
the number of HFCV and flows between districts, the district demand is obtained, and (vii) in the last step, by 
multiplying district demand with a population ratio of neighborhoods, the demand of 954 neighborhoods is obtained 
for all periods. To define candidate sites for HRS, existing 734 gas stations in İstanbul are selected. After the 
preparation of the parameters of the model, the multi-period model is run by using in an Intel® CoreTM i5-10210U 
CPU with 8 GB RAM computer.  
 
The obtained results constitute the results of the base scenario. According to the base scenario results, the stations 
to be converted to HRS in the beginning periods are selected from the city center, whereas, at the end of the periods, 
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the opened stations spread over the city. This scenario was obtained through the current utilization of the fuel stations. 
Several alternative scenarios were analyzed using different performance measures such are maximum distance, the 
maximum number of the neighborhood and the maximum number of vehicles served by stations, and the total 
distances traversed by the system. It’s shown that 85 stations perform very well.  Then, the multi-period model is run, 
and then the results are compared with the base scenario which has 126 stations. It is observed that the base 
scenario shows more improvement for the performance measures in the initial periods, but similar results were 
obtained for both scenarios in the final periods. According to these results, it is evaluated that if it is desired to reach 
users faster, the base scenario with a high number of stations should be preferred, and when the installation cost is 
considered, the second scenario in which fewer facilities are opened should be preferred. 
 

CONCLUSIONS 

Since the available energy sources will not be enough to fulfill demand, alternative energy sources are being 
investigated. Hydrogen is one of these alternative energies, especially for the transportation sector. HFCV will be 
used in the near future in addition to the electrical vehicles. However, to increase HFCV, the HRS should be opened, 
and location of these stations should be defined. For this purpose, location selection of HRS in İstanbul is examined 
by using a multi-period p-median model for the next 30 years where each period consists of six years. The results 
show that transformation of the existing gas stations to HRS start from the center and then continue far from the city 
center. In addition, to analyze effect of the number of opened stations, different scenarios are analyzed, and the 
optimal value is selected. After that the multi-period model is run and these two scenarios are compared. Although 
the improvements observed in performance measures are close in the last periods, it is stated that a faster 
improvement achieved for the base scenario in the initial periods. 
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ABSTRACT 

Solar drying systems have been an economical and eco-friendly mode for drying products and have been used in plenty 
in the agricultural sector. Use of renewable energy in different sectors not only leads to promote sustainable 
development but also support in environment protection. This paper deals with a comparative study on the temperature 
difference of a greenhouse tunnel drying system with and without the integration of a solar photovoltaic module heat 
extraction (PVHE) duct to pre-heat the ambient air before entering the drying chamber. An extensive theoretical analysis 
for agricultural produce like cotton, banana and chilli were observed. With the inclusion of the PVHE module, there was 
a gradual rise in the temperature of air inside the drying cabinet resulting in an average increase in 8°C improving the 
drying performance with respect to the decrease in moisture content. It is concluded that with PVHE gives better solar 
drying performance than without PVHE.  

Keywords: Solar drying, Solar photovoltaic module heat extraction duct, Moisture ration, Drying efficiency 

 
INTRODUCTION 

Agriculture accounts for about 18% of the Indian economy and hence plays a vital cog in the development of the 
nation [1]. About 50% of the Indian population thrive on agriculture directly and the sector has seen major 
advancements over the past few years towards sustaining agricultural products. There has been a major waste in 
the product due to various factors like improper transportation, fertilization, exposure to dust and pests. Barring these 
factors, moisture content catalyses fungal and bacterial infections and hence decreases the shelf life of the crops 
making them easily perishable. To prevent this issue, drying of crops is employed to minimize the moisture content 
and improve its life. In closed drying, electricity and fuel were initially used to dry crops but they were non-renewable, 
expensive and harmful to the environment. This led to the use of solar panels, which were more effective and 
sustainable than previous practices [2-4]. A comparative study has been explored between greenhouse drying with or 
without PVT air collector with the help theoretical thermal modelling. In present analysis, mathematical equations have 
been taken from previous literature and coupled with some new one for exploring sustainable solar drying system able 
to run in forced mode. 
 
THERMAL MODELING 

Case 1 Thermal modelling for solar dryer 
As mentioned by Rathore and Panvar [5], the energy balance equations are as follows 
 
Energy balance on the cover, 

 𝑚𝑐𝐶𝑝𝑐(
𝑑𝑇𝑐

𝑑𝑡
) = 𝐴𝑐ℎ𝑐,𝑐−𝑎(𝑇𝑎 − 𝑇𝑐) + 𝐴𝑐ℎ𝑟,𝑐−𝑠(𝑇𝑠 − 𝑇𝑐) + 𝐴𝑐ℎ𝜔(𝑇𝑜 − 𝑇𝑐) + 𝐴𝑝ℎ𝑟,𝑝−𝑐(𝑇𝑝 − 𝑇𝑐) + 𝛼𝑐𝐴𝑐𝐼𝑠  (1) 

Energy balance on the air inside the dryer, 

𝑚𝑎𝐶𝑝𝑎
𝑑𝑇𝑎

𝑑𝑡
= 𝐴𝑝ℎ𝑐,𝑝−𝑎(𝑇𝑝 − 𝑇𝑎) + 𝐴𝑓ℎ𝑐,𝑓−𝑎(𝑇𝑓 − 𝑇𝑎) + 𝐷𝑝𝐴𝑝𝐶𝑝𝜔𝜌𝑝(𝑇𝑝 − 𝑇𝑎)

𝑑𝑀𝑝

𝑑𝑡
+ 𝜌𝑎𝑉𝑜𝑢𝑡𝐶𝑝𝑎𝑇𝑜𝑢𝑡 −  𝜌𝑎𝑉𝑖𝑛𝐶𝑝𝑎𝑇𝑜 +

𝑈𝑐𝐴𝑐(𝑇𝑜 − 𝑇𝑎) + [(1 − 𝐹𝑝)(1 − 𝛼𝑓)+(1 − 𝛼)𝐹𝑝]𝐼𝑠𝐴𝑐𝜏𝑐       (2) 

Energy balance on the product, 

𝑚𝑝(𝐶𝑝𝑝 + 𝐶𝑝𝑙𝑀𝑝)
𝑑𝑇𝑝

𝑑𝑡
= 𝐴𝑝ℎ𝑐,𝑝−𝑎(𝑇𝑎 − 𝑇𝑝) + 𝐴𝑝ℎ𝑟,𝑝−𝑐(𝑇𝑐 − 𝑇𝑝) + 𝐷𝑝𝐴𝑝𝜌𝑝𝐿𝑝𝑑𝑀𝑝/𝑑𝑡 + 𝐹𝑝𝛼𝑝𝐴𝑐𝜏𝑐  (3) 

Energy balance on the floor, 

 𝑚𝑓𝐶𝑝𝑓 (
𝑑𝑇𝑓

𝑑𝑡
) = 𝐴𝑓ℎ𝑐,𝑓−𝑎(𝑇𝑎 − 𝑇𝑓) + (1 − 𝐹𝑝)𝛼𝑓𝐴𝑓𝐼𝑠𝜏𝑐       (4) 

Mass balance equation, 

 𝜌𝑎𝑉 (
𝑑𝑇ℎ

𝑑𝑡
) = 𝐴𝑖𝑛𝜌𝑎𝐻𝑖𝑛𝑣𝑖𝑛 − 𝐴𝑜𝑢𝑡𝜌𝑎𝐻𝑜𝑢𝑡𝑣𝑜𝑢𝑡 + 𝐷𝑝𝐴𝑝𝜌𝑝

𝑑𝑀𝑝

𝑑𝑡
       (5) 

 
Case 2 Thermal modelling for PV module duct integrated solar dryer 

Energy Balance equation for PV [19-24], 

  ( ) ( )(1 )g c c t c T t m t ca m c a bcf m c f g c c t mI I A U A T T U A T T I A        + − = − + − +
       (6) 
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  ( ) ( )(1 )g c c c T t t ca c a bcf c f g c c tI U T T U T T I       + − = − + − +
      (7) 

Energy equation for air duct, 

( ) ( )
f

f f bcf c f bda d a

dT
m C U T T U T T

dx
= − + −

         (8) 

METHODOLOGY 

Thermal model for drying system has been taken from the reference Rathore and Panvar [5] and modified for PVT air collector 

integrated solar drying. 

1. Thermal model has been solved with the help of MATLAB2016. 

2. Different temperatures (drying chamber, cell, crop) have been calculated from the MATLAB program. 

3. Further, moisture ratio over time for different crops in greenhouse dryer and PVT integrated greenhouse dryer have 
been explored. 

CONCLUSIONS 

Three crops namely, cotton, banana and chilli have been compared and found following results  
1. Cotton and chili-drying needs 2-3 days of complete drying compared to 1 day for banana. 
2. For PVT integrated greenhouse dryer, all three crop’s moisture ratio decrement slopes increased which may help in 
fast drying. 
3. There is an improvement in the temperature of air inside the drying system with the incorporation of PV module duct 
that helps in preheating the ambient air and circulating it inside the greenhouse dryer.  
4. Application of PVT air collector makes the system self-sustainable for working under forced mode. 
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ABSTRACT  

In this study, the Holt-Winters method, one of the seasonal adjustment techniques, is used for crude oil production 
forecasting in Turkey. First, forecasting models are created, and the fit values of the periods are obtained via Holt-
Winters Additive (Ho-WA) and Holt-Winters Multiplicative (Ho-WM) methods. Then, predictions are made for the future 
data with these approaches and predicted data for the 36 months between May 2021 and April 2024 are obtained. 
When the prediction model successes of the models are evaluated with the metric values of coefficient of determination, 
Root Mean Square Error and Mean Absolute Percentage Error. It is concluded that the Ho-WA method is advantageous 
in terms of all metrics and is more suitable for model success. The predicted values obtained are intended to be a guide 
for decision makers. 

Keywords: Crude Oil, Energy, Forecasting, Holt-Winters Method    
 
INTRODUCTION 

Energy is one of the production inputs that plays a vital role in the progress of countries. Energy sources are divided 
into two as renewable energy sources and non-renewable energy sources [1]. Despite the widespread use of renewable 
energy sources in recent years, it has been estimated that the share of fossil fuels in energy will gradually increase, and 
this share will reach 58% in 2030 [2]. Crude oil, one of the non-renewable energy sources, has an essential share in 
the world economy for the energy sector. Disruptions in the supply chain of oil have significant effects on society and 
the economy [3]. In this context, controlling the production and supply of crude oil has become an essential issue. 
Estimating crude oil production data for future periods helps produce necessary information and plans for decision 
makers.  
 
There are some studies on this subject in the literature. Li and Wang [4] proposed forecasting models for crude oil 
production and consumption in their study. They estimated the data for India from 2018-2030 by integrating the Auto 
Regressive Integrated Moving Average (ARIMA) models. Ozturk and Ozturk [5] estimated the energy consumption 
(coal, oil, natural gas, renewable energy, and total energy) in Turkey using the ARIMA method in their study. Abdullahi 
[6] proposed a production forecasting model using Structural Time Series Models (STSMs) that considers structural 
changes in energy for the five main petroleum products consumed and aggregates in Nigeria. In this study, forecast 
data for the future periods are obtained using the crude oil data of the past months in Turkey. When the literature has 
been searched, no estimation study with a time series approach was found for crude oil production data in Turkey. 
 
MATERIALS AND METHODS  

In this study, monthly crude oil production data covering May 2006-April 2021 (180 months) in Turkey are used. The 
required dataset is obtained from the JODI-Oil World Database [7]. The Holt-Winters method is used to forecast 
crude oil production data for future periods. In addition, Holt-Winters additive and multiplicative methods are used for 
additive seasonality and multiplicative seasonality, respectively [8]. The formulas of approaches are given in Table 
1. 

Table 1. Holt-Winters Methods 

 HoWA HoWM 

𝐿𝑡 α(𝑌𝑡 − 𝑆𝑡−𝑠) + (1 − α)(𝐿𝑡−1 + 𝐵𝑡−1)   
α

𝑌𝑡

𝑆𝑡−𝑠
+ (1 − α)(𝐿𝑡−1 + 𝐵𝑡−1)    

  𝐵𝑡 𝛽(𝐿𝑡 − 𝐿𝑡−1) + (1 − 𝛽)𝐵𝑡−1 𝛽(𝐿𝑡 − 𝐿𝑡−1) + (1 − 𝛽)𝐵𝑡−1  

  𝑆𝑡 𝛾(𝑌𝑡 − 𝐿𝑡) + (1 − 𝛾)𝑆𝑡−𝑠  
𝛾

𝑌𝑡

𝑆𝑡−𝑠
+ (1 − 𝛾)𝑆𝑡−𝑠 

𝐹𝑡+𝑚 𝐿𝑡 + 𝐵𝑡𝑚 + 𝑆𝑡−𝑠+𝑚 (𝐿𝑡 + 𝐵𝑡𝑚 )𝑆𝑡−𝑠+𝑚  

𝐿𝑡: Level of the series at period 𝑡, 𝑌𝑡: Actual value, 𝑆𝑡: Seasonal component,  
𝐵𝑡: Trend component, 𝑎: Level constant 𝛽: Trend correction constant, 𝛾: Seasonal correction constant, 𝐹𝑡+𝑚: 

Forecast value for 𝑚. 

 

Applying the HoWA and HoWM methods, the fit values of the periods are obtained. After, R2, MAPE and RMSE 
metrics are used to evaluate the model success of the methods. These metrics are given in Eq. (1), Eq. (2), and Eq. 
(3), respectively [9]. 
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𝑅2 = 1 −
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𝑗=1
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𝑗=1

 
(1) 

𝑀𝐴𝑃𝐸 = 
100

𝑁
∑ |
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𝑌𝑗
|

𝑁

𝑗=1
 

(2) 

𝑅𝑀𝑆𝐸 =  √
1

𝑁
∑ (𝑌𝑗 − Ŷ𝑗)

2
𝑁

𝑗=1
 

(3) 

Where, 𝑌𝑗 and Ŷ𝑗 are the actual and fitted values, respectively, Ȳ is the average value of the dataset, 𝑁 represents 

forecast horizon. Finally, the necessary evaluations are made between the methods according to the values obtained, 
and the 36-month (3 years) crude oil data between May 2021 and April 2024 is estimated. 
 
CONCLUSIONS 

Crude oil is a natural and combustible mineral oil extracted from the ground consisting of a combination of various 
hydrocarbons. In this study, crude oil production in Turkey is examined with the estimation approach. For this purpose, 
the Holt-Winters method is used for monthly estimation. The predicted values for the 36 months between May 2021 
and April 2024 are obtained with the HoWA and HoWM methods. Fit values for past periods are obtained with additive 
and multiplicative models. Afterward, R2, MAPE, and RMSE values are calculated to evaluate model success. In the 
HoWA method, the metric values are obtained as R2: 0.969; MAPE: 1.767; RMSE: 34.705, respectively. In the HoWM 
method, the metric values are obtained as R2: 0.964; MAPE: 1.894; RMSE: 37.312, respectively. According to the metric 
values (R2, MAPE, RMSE), the estimation success is extremely high. When the results are examined, it is seen that 
there is no significant difference between the two approaches, but the HoWA method is more convenient in terms of 
model success. In this context, it can be said that the seasonality in the crude oil data set is independent of the trend. 
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ABSTRACT 

In this study, total fuel (diesel +motor oil) consumption, energy consumption and carbon dioxide (CO2) emission in 
silage maize production in Kocaeli region were evaluated. 195.145 L/ha fuel (Diesel + lubricant oil) is consumed in 
usage of tools and machinery in silage maize production. For this process, a total of 7241.62 MJ/ha of diesel and 
motor oil consumption is made. In silage maize production, 535.92 kg CO2 emission is produced regarding the 
consumption of 193.28 L/ha diesel and 1.864 L/ha motor oil. In this region, 4.8447 L total fuel (Diesel+lubrication oil) 
and 179.782 MJ energy were consumed to produce 1 ton of silage maize. In result of total fuel consumption, 13.3049 
kgCO2 is released for 1 ton of silage maize production. 

Keywords: Kocaeli, Silage maize, Fuel consumption, Energy consumption, CO2 emission. 
 
INTRODUCTION 
In this study, it was aimed to determine the total energy consumption (diesel+ motor oil) in silage maize production 
in Kocaeli and to determine the energy efficiency of the production. For this purpose, the processes and fuel 
consumption in the production of silage maize in the districts of Kocaeli region were examined in detail. The diesel 
consumption values of the tools and machinery used in the production of silage maize were determined by surveys 
conducted with experts in the Agriculture and Forestry District Directorates. During the process of silage maize 
production, efficiency criteria for total fuel (Diesel + lubrication oil) consumption for the tractor engine in the use of 
equipment and machinery are defined as follows, based on production and consumption and CO2 emission values. 
 
MATERIALS AND METHODS  
Calculation of Total Fuel Consumption: The diesel and engine oil values per unit production area (da) consumed 
by tractor during silage maize production processes were evaluated as total fuel consumption. 

TFC=DC+MYT………………………………………………………………………………………………………………..(1) 

where TFC- Total fuel consumption (L/ha), DC- Diesel consumption (L/ha), LOC- Lubrication oil consumption (L/ha) 
 
Calculation of Lubricant Consumption: Lubrication oil (lubricant) consumption per hour for tractor used in silage 
maize production operations was determined as follows, depending on the tractor's highest PTO power. 

LOC=0,00059PTOmax+0.02169……........................................................................................................................(2) 
where LOC- Tractor lubrication oil consumption per hour (L/h), PTOmax- Tractor's highest PTO power (kW). 
 
Determination of Total Energy Consumption: The total energy consumption (TEC, MJ/ha) pertaining to the 
consumption of diesel and engine oil per unit production area (da) was determined by the tractor used during silage 
maize production processes are as follows. 
TEC=DEC+LEC………………………………………………………………………………………………………………(3) 
where TEC- The total energy consumption (MJ/ha), DEC- Diesel energy consumption (MJ/ha), LEC- Lubrication oil 
energy consumption (MJ/ha) 
 
Calculation of Diesel Energy Consumption: The diesel energy consumption (DEC, MJ/ha) related to diesel 
consumption consumed per unit production area (ha) by the tractor used during silage maize production processes 
is determined as follows. 

DEC=DCLHVD……………………………………………………………………………………………………………….(4) 
where DEC- Diesel energy consumption (MJ/ha), DC- Diesel consumption (L/ha), LHVD- Lower Heating Value of 
Diesel (MJ/L).  
 
Calculation of Lubrication Oil Energy Consumption: The lubrication oil energy consumption (LEC, MJ/ha) per 
unit production area (ha) consumed by tractor used during silage maize production processes was determined as 
follows. 

LEC=LOCLHVL………………..................................................................................................................................(5) 
where LEC- Lubrication oil energy consumption (MJ/ha), LOC- Lubrication oil consumption (L/ha), LHVL- Lower 
Heating Value of lubrication oil (MJ/L).  
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Calculation of CO2 Emissions: Taking into consideration the lubrication oil consumption value of the tractor engine, 
CO2 emissions related to oil consumption can also be calculated. The values given in Table 1 are used for the thermal 
values of diesel fuel and engine oil and CO2 emission factors depending on the type of fuel. 
 

Table 1. Thermal Values and CO2 Emission Factors 1 

Fuel Lower heating value (MJ/L) CO2 Emission factor (kgCO2/MJ) 

Diesel 37.1 0.07401 

Lubricant oil  38.2 0.07328 

 
Calculation of total CO2 Emissions: In calculating the CO2 emissions released in result of silage maize production, 
the fuel-based CO2 emission calculation method proposed in the Intergovernmental Panel on Climate Change was 

taken into account 1. The total CO2 emission (TCO2E, kgCO2/ha) pertaining to the consumption of diesel and engine 
oil per unit production area (da) was determined by the tractor used during production processes as follows. 
TCO2E = CO2ED + CO2EL…………………………………………………………………………………………………..…(6) 
where TCO2E- Total CO2 emission (kgCO2/ha), CO2ED- CO2 emission related to Diesel consumption (kgCO2/ha), 
CO2EL- CO2 emission related to lubricant oil consumption (kgCO2/ha) 
 
RESULTS AND DISCUSSIONS  

The total fuel consumption values are in parallel with the change in the usage time of the tools and machines used 
in the silage maize production processes and the loading rates of the tractor engine. The highest total fuel 
consumption occurs in silage maize harvesting operations with value of 33.422 L per unit area (ha). The second 
place in total fuel consumption is plough tillage applications with a value of 26.695 L/ha. The total fuel consumption 
in silage maize production, 23.61 L/ha in sowing process with planting machine, 21.77 L/ha in fertilizer intermediate 
hoeing process, 20.69 L/ha in sprout with disc harrow, 21.98 L/ha in fertilizer distribution process is 19.816 L/ha in 
cultivation with cultivator, 18.559 L/ha in spraying with sprayer, and 10.283 L/ha in scaling. A total of 195.145 L/ha 
fuel (diesel + lubrication oil) is consumed in the use of tools and machinery in silage maize production [2]. The total 
energy consumption values related to the total fuel consumption are in parallel with the change in the usage time of 
the tools and machines used in the silage maize production processes and the loading rates of the tractor engine. 
Total energy consumption related to the highest total fuel consumption is realized in silage maize harvesting with 
1240.35 MJ per unit area (ha). The second place in energy consumption regarding total fuel consumption is plough 
tillage applications with a value of 990.8 MJ/ha. Total energy consumption for total fuel consumption in silage maize 
production is 876.12 MJ/ha, respectively in cultivation process 815.27 MJ/ha, in fertilizer intermediate hoeing process, 
775.32 MJ/ha, in cultivation of the disc harrow, 738 MJ/ha, in the fertilizer distribution process, 31 MJ/ha, 735.37 
MJ/ha in cultivation with cultivator, 688.67 MJ/ha in spraying with sprayer, and finally 381.41 MJ/ha in plough 
cultivation. For the use of tools and machinery in silage maize production, a total of 7 241.62 MJ/ha of Diesel and 
lubrication oil consumption is made [2]. It is observed that the total CO2 emission values related to the total fuel 
consumption are in parallel with the change in the usage time of the tools and machines used in the process of silage 
maize production and the loading rates of the tractor engine. The highest total CO2 emission related to total fuel 
consumption is realized in silage maize harvesting processes with 91.79 kgCO2 per unit area (ha). The second place 
in CO2 emission related to total fuel consumption is plough tillage applications with a value of 73.33 kgCO2/ha. Total 
CO2 emission related to total fuel consumption in silage maize production, 64.84 kgCO2/ha in sowing process, 60.33 
kgCO2/ha in fertilizer intermediate hoeing process, 57.38 kgCO2/ha in soil cultivation with disc harrow, 54 in fertilizer 
distribution process, 64 kgCO2/ha, 54.22 kgCO2/ha in tillage, 50.96 kgCO2/ha in spraying with sprayer and 28.23 
kgCO2/ha in tillage. In the use of tools and machinery in the production of maize silage, 535.92 kg of CO2 emission 
is realized regarding the consumption of 193.28 L/ha Diesel and 1.864 L/ha lubrication oil [2]. 
 
CONCLUSIONS 
The total energy consumption for total fuel consumption in silage maize production is 1240.35 MJ/ha in harvesting 
process with silage machine, 990.8 MJ/ha in tillage with plough, 876.12 MJ/ha in sowing with seed drill, intermediate 
hoeing with fertilizer 815.27 MJ/ha, 775.32 MJ/ha in tillage with disc harrow, 738.31 MJ/ha in fertilizer distribution, 
735.37 MJ ha in tillage, 688.67 MJ/ha in spraying with sprayer and in land cultivation, it is 381.41 MJ/ha. 

REFERENCES  

[1] IPCC. Climate Change, 1995: The Science of Climate Change. Contribution of Working Group I to the Second 
Assessment Report of the Intergovernmental Panel on Climate Change [Houghton., J.T., et al. (eds.)]. Cambridge 
University Press, Cambridge, United Kingdom and New York, NY, USA, 572 pp;1996. 

[2] Goker H. A Research on Fuel Consumption for Silage Maize Production in Kocaeli Region. C.U. Institute of Natural 
and Applied Sciences Dept. of Agricultural Machinery and Technologies Engineering, Adana; 2019. 

  

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

166



 

Submission ID: 60 
 

SOLAR ENERGY USE FOR DRIP IRRIGATION OF MAIZE PRODUCTION  
IN HARRAN PLAIN OF TURKEY 

 

1* Hasan Huseyin OZTURK, 2 Hasan Kaan Kucukerdem 

1 Univ. of Cukurova, Fac.of Agriculture Dept. of Machinery and Technologies Engineering, 01330, Balcalı, Sarıcam, Adana, 
Turkey 

2 Igdir University Faculty of Agriculture Dept. of Biosystem Engineering, Igdir, Turkey 
 

*Corresponding author e-mail: hhozturk@cu.edu.tr  
 

ABSTRACT 
In this study, it was aimed to determine the design variables of solar powered drip irrigation systems for maize 
irrigation under Harran plain conditions. The number of drippers per decare (da) has been determined as 3571 and 
irrigation period will be done in a way that ends during the day. The power and flow rate of the irrigation pump is 
calculated as 3 kW and 5.5 m3/h, respectively. The total installed power of the solar energy system is 5 kW. 
 
Keywords: Solar energy. Maize, Drip irrigation, Harran 
 
INTRODUCTION 
The main method of supplying water for irrigation purposes is to transport water between the water source and the 
irrigation area. This movement of water requires some energy. The main purpose of irrigation applications is to 
provide the water required by the plant in a timely and sufficient amount, with minimum energy and operating costs. 
The methods used for water pumping use various power sources such as human and animal power, wind, sun and 
fossil fuels. PV systems are designed specifically for the drinking water supply and agricultural irrigation where 
electricity cannot be delivered. One of the most promising areas of application for PV systems in countries with a lot 
of solar radiation, such as Turkey, is to be used as a source of power for the pumping of required water for the sake 
of a given product. The main advantages of solar powered irrigation (SPI) systems compared to irrigation systems 
operated by internal combustion engines are that they do not have practical maintenance requirements, they have a 
long service life, and they do not pollute the fuel requirements and therefore the environment. Another advantage of 
these systems is that they use solar energy as a source of energy. In irrigation applications, water is most needed 
when solar radiation is the maximum. This can be considered as an advantage for these systems. SPI systems are 
being used efficiently for low-pressure drip irrigation applications, which enable efficient use of irrigation water. 
In this study, it was aimed to determine the design variables of solar powered drip irrigation systems for maize 
irrigation under Harran plain conditions. The calculations were made for 2 decares (da) production area, total depth 
100 m for water source and 1 atmosphere (atm) operating pressure. 
 
MATERIALS AND METHODS  

Power of electric motor and pump unit: The power of the electric motor-pump unit in the SPDI system (PMP) was 
calculated as follows [1,2]: 

mp

m
MP

HQ
P








=

102
….……………………………………………………................................................................(1) 

where Hm- total manometric height (m), Q- water flow rate (L/s), PMP- brake power of the pump (kW), - specific mass 

of irrigation water (kg/L), p- efficiency of pump (%) and e-efficiency of electric motor (%). 
 

The power of the photovoltaic system: The power of the PV system (PPV) that will generate daily required electricity 
for the drip irrigation system was determined as follows: 

h

E
P el
PV = ................................................................................................................................................................(2) 

where PPV- power of PV system (kW), Eel- the daily electricity generation of the PV system (kWh/day) and h- the daily 
sunshine duration (h). 
 
RESULTS AND DISCUSSION 

For maize production, row spacing distances are taken into account as 0.7  0.15 m, and evapotranspiration value 
as 7 mm/day. The effective root depth for maize plants is 0.9 m, the usable water allowed to be consumed is 30%, 
the infiltration rate is 8 mm/h and the dripper flow rate is 1.6 l/h for medium-textured soils. The irrigation interval is 
determined as 7 days, the net irrigation water need for the area to be wetted is 46.47 mm, the net irrigation water 
need for each irrigation is 6.59 mm/day and the total irrigation water need for each irrigation is 54.67 mm/2 da. The 
lateral pipe length is 50 m, the number of drippers on each row is 125, one lateral flow rate is 200 l/h and the total 
lateral flow is 11,42 m3/h for 2 da. The laterals will be arranged as 1 per row. The number of drippers per unit area 
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(da) has been determined as 3571 and irrigation period will be done in a way that ends during the day. The power 
and flow rate of the irrigation pump is calculated as 3 kW and 5.5 m3/h, respectively. The pump with 33 stages with 
a diameter of 11/2 inches should be used. The total installed power of the solar energy system is 5 kW. 
 

CONCLUSIONS 

In a growing season in the Harran plain, since the corn is irrigated with the furrow irrigation method, the fertile layer 
in the upper layer of the soil flows into the drainage channels together with the irrigation water. Considering that the 
formation of the fertile soil layer at the top of the soil takes 100 thousand years, this situation can be considered as 
a great loss. In the Harran plain, it has been determined that the ground water rises, and the salinity increases in 
some production areas due to wild irrigation (furrow and pan). Modern irrigation methods (drip and sprinkler system) 
should be adopted in all production areas immediately. The tassel flowering period is the most sensitive period in the 
corn plant. During this period, it was determined that the production areas in the region were not sensitive to irrigation. 
In order to maintain the vitality of the pollen in the tassel flowers, the plant must be watered during this critical period 
and the root zone must be moist. In order for the plant to meet the moisture lost by transpiration due to the air 
temperatures through the roots, the humidity in the root zone must be high. In this regard, the regional farmer should 
follow up technically. 
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ABSTRACT  

An exergy analysis of a 220MW steam power plant was performed in order to compare performances under full and 
partial operating load conditions. Design data for four different operation loads, i.e., 220MW load (100%), 165MW load 
(75%), 110MW load (50%) and 55MW load (25%) were obtained from the plant and used for the exergy computations. 
The results showed that at 25% load, condenser has the lowest exergetic efficiency of 40.29% compared to other 
components, whereas at 25% load the drain cooler has the highest exergetic efficiency of 53.61% compared to other 
loads in the component. The boiler has the lowest exergetic efficiencies across the four loads, i.e., 41.7% (25% load) 
to 42.8% (100% load), and the highest exergy destructions, followed by the turbines. For the entire plant, overall exergy 
destructions decreased as operation loads decreased. Exergetic efficiencies similarly decreased from 33.18% at 100% 
load to 28.29% 25% load. 

Keywords: exergy efficiency, steam power plant, plant loads. 

 
INTRODUCTION 

Thermal power plants generate electrical energy by the conversion of primary energy. Due to the inefficiencies of 
installed power plants and the high demands for electrical energy, exergy analyses are frequently required for the 
plant’s improvement. Dang et al. [1] carried out exergy analysis on a 600MW steam power plant for two different loads, 
i.e., at design load (100% load) and off load (70% load). The results showed that decreasing the load from the design 
load decreases the exergetic efficiency of the plant. Aklilu and Syed [2] studied the performance of a 4.2MW gas turbine 
plant for varied load of 50% less than the design load. The results showed that the exergy destruction in the components 
of the plant increases from the 50% off load to full load, except for the compressor. In this study, the partial operating 
loads of a 220MW steam power plant will be varied from the design operating load to 25% off operating load to analyze 
the performances of the individual components and the overall power plant. 

 
ANALYSIS  

The plant considered is a 220MW unit at the Egbin Thermal Power Plant (ETPP) located in Lagos (Nigeria).  The 
condensate pump (P1), feedwater pump (P2), drain cooler (DC), low pressure heaters (LPH1, LPH2 and LPH3), 
deaerator (DE), high pressure heaters (HPH5 and HPH6), boiler (Bo), turnines (HPT, IPT and LPT) and condenser 
(CD) of the unit were considered.   The governing equations used were Eqs. (1) to (3) as stated by Bejan et al. [3]. 

Eq. (1) is the exergy flow rate in a kth component. Eq. (2) is the exergy balance given in terms of fuel (Ξ̇𝐹,𝑘) and 

product (Ξ̇𝑃,𝑘) exergies, where  Ξ̇𝐷,𝑘 is the exergy destruction. While Eq. (3) is the exergetic efficiency (𝜖𝑘) of the kth 

component. 

�̇�𝒌  = m[(ℎ − ℎ0) − 𝑇0(𝑠 − 𝑠0] + (∑ 𝑥 𝑛 𝜀𝑐ℎ,𝑛 + 𝑅𝑇0 ∑ 𝑥 𝑛 ln𝑥 𝑛 )                                                                                (1) 

Ξ̇𝐹,𝑘 = Ξ̇𝑃,𝑘 + Ξ̇𝐷,𝑘                                                                                                                                                     (2) 

𝜖𝑘 =
Ξ̇𝑃,𝑘

Ξ̇𝐹,𝑘
=

Ξ̇𝑃,𝑘

Ξ̇𝑃,𝑘+Ξ̇𝐷,𝑘
                                                                                                                                                  (3) 

Data of pressure, temperature, mass flow rates of (steam, natural gas), enthalpies entering and exiting the 
components of the unit were obtained for full load (i.e., 100%), ¾ load (75%), ½ load (50%) and ¼ load (25%). The 

computations were carried out using the Scilab computational software. Fig. 1 shows the Ξ̇𝐷,𝑘 and 𝜖𝑘 for the different 

loads. The figure shows that Ξ̇𝐷,𝑘 at design load are highest compared to that of the partial loads for all the 

components except in HPT where Ξ̇𝐷,𝑘  is highest at 50% load. Ξ̇𝐷,𝑘 at 25% load are lowest in all the components 

except P2 and HPT. The boiler has the highest Ξ̇𝐷,𝑘 and lowest 𝜖𝑘 across the loads, i.e., 41.7% (25% load) to 42.8% 

(100% load). P1 and DC have the lowest  Ξ̇𝐷,𝑘 while P1 and HPH6 are the most efficient components across the 

loads. At 25% load, CD has the lowest 𝜖𝑘 of 40.29%, whereas at 25% load DC has the highest 𝜖𝑘 of 53.61% compared 

to other loads in the component.  Fig. 2 shows the overall fuel exergy (Ξ̇𝐹,𝑜𝑣), overall product exergy (Ξ̇𝑃,𝑜𝑣), overall 

exergy destruction (Ξ̇𝐷,𝑜𝑣), and overall exergetic efficiencies (𝝐𝒐𝒗)  of the various loads. From the figure it is shown 
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than Ξ̇𝐹,𝑜𝑣, Ξ̇𝑃,𝑜𝑣, Ξ̇𝐷,𝑜𝑣 and 𝝐𝒐𝒗 decrease as the loads decreases where 𝝐𝒐𝒗 decreased from 33.18 % (100% load) to 

28.29% (25% load). 

 

Figure 1: Exergy destructions and exergetic efficiencies of the components. 
 

 

Figure 2. Overall exergy destructions, fuel exergy, product exergy at design (100%) and partial loads of ETPP. 
 

CONCLUSIONS 

In the component level, P1 and DC have the lowest  Ξ̇𝐷,𝑘 while P1 and HPH6 are the most efficient componets across 

the loads. The boiler has the higest Ξ̇𝐷,𝑘 with about 87% of the total Ξ̇𝐷,𝑘 and also the lowest 𝜖𝑘 of about 41.7 – 42.8% 

across the different loads. This is followed by HPT and LPT. In the overall plant, Ξ̇𝐷,𝑜𝑣 and 𝜖𝑜𝑣 decreases as the load 

decreases with 𝜖𝑜𝑣 decreased from 33.18 % (100% load) to 28.29% (25% load).  
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ABSTRACT 
The high-performance photocatalysts are dynamic for enhancing the hydrogen production for solar energy-driven 
sulphide wastewater degradation. Herein, we report the synthesis of narthangai leaves (Citron Sp.) derived activated 
carbon (AC)-decorated titanium oxide nanoparticles (TiO2@AC) nanocomposites via simple sol-gel technique tailed 
by ultrasonication process. The TiO2@AC nanocomposites reveal accumulated particle-like structure with anatase 
phase of TiO2. The TiO2@AC nanocomposites show an improved hydrogen production activity (400 mL/h), because 
of the synergic effect between the high conductivity AC and the interconnected TiO2 nanoparticles. The results 
support that the TiO2@AC nanocomposites are beneficial for future green energy conversion applications. 

  
Keywords: TiO2, Biomass, Activated carbon, Hydrogen production, wastewater.   
 
INTRODUCTION 
Hydrogen is one of the most prominent renewable and green energy resources because of its high combustion 
efficiency, carbon-free emission, and eco-friendliness. Among the various hydrogen production techniques, solar 
photocatalytic hydrogen production is one of the cost-effective and sustainable methods for generating hydrogen 
from industrial sulphide-containing wastewater [1].  
 
Recently semiconductor metal oxides-based photocatalyst has gained significant attention because of their simple 
structure, mild reaction conditions, low energy consumption, and high catalytic activity. TiO2 is used as an effective 
photocatalyst because of its chemically stable, inexpensive, strong oxidizing power, high photocatalytic stability, and 
non-toxic. Currently, carbon-based materials were used as composite materials for improving photocatalytic 
hydrogen production activity. Despite such enormous benefits, the nanocomposites of narthangai leaves-derived AC-
decorated titanium oxide have not been studied for hydrogen production from the sulphide wastewater through solar 
irradiation.  
 
Herein, we report on the synthesis of TiO2@AC nanocomposites via the sol-gel method and subsequently by the 
ultrasonication process using TiO2 nanoparticles and AC nanoflakes. The TiO2@AC nanocomposites showed an 
excellent photocatalytic hydrogen production performance (400 mL/h) compared with pristine TiO2 nanoparticles (275 
mL/h). 
 
MATERIALS AND METHODS 

For the fabrication of TiO2@AC, firstly, the TiO2 nanoparticles (1 g) and AC nanoflakes (0.5 g) were mixed with 100 
ml of DI water. Then, the mixture solution was sonicated for 1 h (UD-211 ultrasonic disruptor). After sonication, the 
solution was washed with DI water and dried at 130 °C in an electric oven for 10 h. Finally, the fine TiO2@AC 
nanocomposites were achieved. 
 
The photocatalytic hydrogen production of TiO2 nanoparticles and TiO2@AC nanocomposites was performed by a 
trapezoidal reactor under solar irradiation as shown in Figure 1. All the investigation were carried out for 1 h. The 
average solar irradiance was calculated to be 850 W/m2 through using an LX-101A lux meter. The synthetic sulphide 
wastewater (1 L) was used as a photolytic solution. After that, the prepared photocatalysts were mixed with the 
photolytic solution. The effects of the sulphide ion (0.1–0.3 M), sulphite ion (0.1–0.3 M), and photocatalyst 
concentrations (0.05 to 0.25 g/L) on the superior production performance of hydrogen were determined. The inverted 
measuring cylinder was used to calculated the hydrogen production rate [2]. The peristaltic pump was used to hold 
the photocatalyst under suspension. 
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Figure 1. Schematic illustration of the photocatalytic trapezoidal reactor. 

 
CONCLUSIONS 
The nanocomposites of TiO2@AC were effectively synthesized via the sol-gel process and trailed by ultrasonication 
technique. The TiO2@AC nanocomposites revealed an aggregated structure of TiO2 nanoparticles-anchored AC 
nanoflakes. The TiO2@AC photocatalysts exhibited an excellent hydrogen production rate performance (400 mL/h) 
with excellent reusability. These consequences describe that the TiO2@AC nanocomposites are beneficial for 
recycling sulphide wastewater through photocatalytic hydrogen production. 
 
ACKNOWLEDGEMENTS 
This research was supported by National Research Foundation (NRF) of Korea through the basic science research 
programs (2016R1A6A1A03012877 and 2019R1A2C1085448) funded by the Korean Government. 
 
REFERENCES 

[1] Ahmad, H., et al., Hydrogen from photo-catalytic water splitting process: A review. Renew. Sust. Energ. Rev., 2015. 43: p. 
599-610. 

[2] Sekar, S., et al., Upcycling of Wastewater via Effective Photocatalytic Hydrogen Production Using MnO2 Nanoparticles—
Decorated Activated Carbon Nanoflakes. Nanomaterials, 2020. 10(8): p. 1610. 

 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

172



 

Submission ID: 65 
 

BIOCHAR: PHYSICAL PROPERTIES AND EFFECTS ON THE SOIL  
 

1* Mehmet Hakkı Alma, 1 Alperay Altıkat, 1Sefa Altıkat 
1Iğdır University Agricultural Faculty Department of the Biosystems Engineering, Iğdır University, Iğdır, Turkey  

 
*Corresponding author e-mail: mhalma46@gmail.com  

 

ABSTRACT  

Biochar is a material with high carbon content produced thermochemical transformation processes of feedstock. It 
has been used industrial and environmental sectors and as a soil conditioner for problematic soils. Among the 
physical properties of biochar, the features such as surface area, bulk density, porosity, and water holding capacity 
come to the fore. These features interact with each other. The factors such as pyrolysis temperature, heating rate, 
residence time and gas flow rate used in the production phase of biochar change the properties of biochar. The 
positive changes occur in the physical quality of the soil if mixing of biochar into the soil. In addition, due to biochar, 
the carbon is added into the soil and this carbon can remain intact for years. Besides, biochar leads to an increase 
in the crop yield and the rate of CO2 emitted from the soil to the atmosphere decreases. In this study, some physical 
properties of biochar and its effects on soil were investigated. 

Keywords: Biochar, Phyrolysis, Surface area, Porosity, Soil 

INTRODUCTION 

Biochar is a carbon-rich and dissolution-resistant material obtained from thermal degradation of organic material 
under oxygen-free or low oxygen conditions and generally at low temperatures. Biochar is a combustion product with 
a high carbon content that is formed by burning organic material in thermochemical conversion processes under 
oxygen-free or limited oxygen conditions. Thermochemical transformation can be defined as controlled heating or 
oxidation of biomass using intermediate energy carriers or various methods for generating heat. The concept of 
thermochemical conversion of biomass covers many different methods, from burning biomass, which is one of the 
simplest and oldest examples of energy use, to technologies used for the production of liquid vehicle fuels and 
chemical raw materials. Thermochemical processes can be classified into various methods that can vary from heating 
biomass in an endothermic to full exothermic oxidation of biomass. Although biochar depends on the production 
conditions, it contains between 60% and 80% C in its content. Because of this feature, it can be applied as a soil 
regulator to agricultural soils with low carbon content. Many studies have examined the effects of biochar on 
agricultural soils. According to the obtained results, the application of the biochar into the soil increases the carbon 
content of soil [1] and crop yield [2], reduces the emission of CO2 from soil to the atmosphere. In addition, the 
application of the biochar increases the physical, biological, and chemical quality of soil [3]. Aggregate size 
distribution of soil is an important factor that allows biochar to be effective on soil properties. Studies have determined 
that the effect of biochar on soil physical properties is more pronounced in coarse-textured soils than in normal 
textured soils [4]. In this study, the basic physical properties of biochar and its effects on soil were examined. 

SURFACE AREA OF THE BIOCHAR 

The surface area (SA) of biochar is determined by BET analysis. In most of the studies, it has been determined that 
there is a positive relationship between the SA and the pyrolysis temperature. However, for some raw materials, an 
increase in temperature may not cause an increase in SA. The reason for this is the deterioration of the micropore 
structure of some raw materials at high phrolysis temperatures. Therefore, carbonization temperature is not the only 
factor affecting SA. Heating rate, pressure and residence time in the reactor also have an effect on SA during the 
production phase. 

POROSITY OF THE BIOCHAR 

Biochar has macro and micropores. Macropores (1000–0.05 μm) are observed due to the vascular nature of the 
biomass used. Micropores (0.05–0.0001 μm) are formed as a result of operating parameters such as heating rate, 
residence time and gas flow rate used in the production phase. Micropores constitute 80% of the porous structure of 
biochar. The excess of micropores on biochar cause an increase in sorption properties. As the temperature 
increases, the porosity of the biochar increases. There is a positive relationship between the SA of biochar and the 
micropore ratio. 

WATER HOLDING CAPACITY (WHC) OF THE BIOCHAR 

Changes in the functional groups of the biomass during pyrolysis lead to the formation of a porous structure and 
increase the WHC. In the researches, it was concluded that the increase in the pyrolysis temperature will also 
increase the WHC of biochar. However, in some studies, no increase in the WHC of biochar was observed at 
temperatures >500°C. This result is thought to be caused by the degradation of aliphatic functional groups at 
temperatures >500°C. 
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EFFECTS OF BIOCHAR ON THE SOIL  

Today, livestock and poultry manures whose disposal is difficult and expensive, agricultural wastes, wood wastes 
from forestry, pulp production, packaging or carpentry, agricultural enterprise wastes, and plants that are specially 
grown for biochar are among the raw materials of biochar. In the studies conducted, it was determined that the 
biochar produced as a result of different thermochemical conversion processes has many advantages. 

Biochar helps plant growth and increases crop yield. It improves the physico-chemical, and biological quality criteria 
of the soil and increases its nutritional values when applied and mixed in certain proportions to problematic soils. It 
reduces greenhouse gas emissions from crop production, helps the soil store carbon, and ensures that the stored 
carbon remains stable in the soil for years. By adsorbing chemicals used in agricultural production, it prevents their 
mixing into streams and groundwater, thus helping sustainable agricultural production. It plays an important role in 
reducing the use of compost with chemical and organic fertilizers. It prevents plants from taking pesticides in the soil 
at the stage of development. In soils with low porosity, it prevents the washing of nutrients, especially in rainy weather 
conditions. It helps to consume less water by improving the ability of soil to retain moisture. It increases the proportion 
of some fungi that positively affect plant development in the soil and improve soil quality. In processed soils, CO2 
reduces the emission of CH4 and N2O gases into the atmosphere, thus making a positive contribution to global 
warming. 

To make maximum use of these advantages of biochar, it is necessary to mix them into the lower layers of the soil 
using appropriate methods. The number of scientific studies on mixing biochar with soil is quite limited. The general 
practice is to lay on the soil surface manually and mix it with disc harrow and soil milling machines. In cases of the 
obligation to mix in sowing depth, there are studies in which direct sowing machines to the stubble have been used. 
In the application of biochar in gardens, biochar is usually added to the furrows that open to the roots of trees and 
they are covered with soil. Mixing biochar with organic fertilizers or different composts and soil assures the increase 
of its effectiveness. 

The number of field experiments conducted to study the effects of biochar on soil properties is quite limited. Most of 
the research conducted was managed in laboratory or greenhouse conditions. It will not be possible to determine the 
effects of biochar on soil physical properties without researching field conditions. In addition, different soil conditions 
(different C content and soil temperature), different management practices biochar (new or old biochar, volume, 
weight, and raw materials), involving interactions with organic or inorganic fertilizer research is also needed. In most 
of the studies, the biochar was mixed to a depth of about 15 cm in the soil and the changes in the soil physical 
properties were studied. The effects of biochar, which will be applied to different soil depths, are unknown. This is a 
very important issue for determining the effects of water stored in soil lower layers and nutrients necessary for plant 
development. In addition, further research into the economic analysis and environmental effects of biochar application 
is an important issue for the effectiveness and sustainability of the system. 

CONCLUSIONS 

Biochar is a product with high carbon content obtained as a result of different thermochemical processes of the 
biomass. It increases the soil carbon content. Biochar-derived carbon can remain in the soil for many years without 
decomposition. Its physical properties vary depending on some factors. Among these factors, pyrolysis temperature, 
heating rate, residence time and gas flow rate are important operating parameters and have a direct effect on the 
biochar properties. In addition, the type of raw material, particle size and moisture content of the raw material are 
among the factors that affect the properties of the biochar. Especially the pyrolysis temperature used in the production 
stage effective on the physical properties of it. It has been concluded that the increase in pyrolysis temperature 
improves the physical properties. Due to the high adsorbent property and porous structure, it is able to adsorb 
pollutants in both water and soil. Furthermore, it reduces soil compaction due to the size of the surface area and low 
bulk density. When mixed into the soil, it improves the WHC, infiltration rate, aggregate stability and porosity of the 
soil. 

REFERENCES 

[1] Lehmann J, Rillig MC, Thies J, Masiello CA, Hockaday WC and Crowley D (2011). Biochar effects on soil biota:a review. Soil 
Biol. Biochem., 43:1812–1836. 

[2] Brassard P, Stephane G and Vijaya R (2016). Soil biochar amendment as a climate change mitigation tool: key parameters 
and mechanisms involved. J. Environ. Manage., 181:484–497.  

[3] Ding Y, Liu YG, Liu SB, Li ZW, Tan XF and Huang XX (2016). Biochar to improve soil fertility: A review. Agron.  Sustain. 
Dev., 36:12-18. 

[4] Omondi MO, Xia X, Nahayo A, Liu X, Korai PK and Pan G (2016). Quantification of biochar effects on soil hydrological 
properties using meta-analysis of data. Geoderma 274:28–34. 

  

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

174



 

Submission ID: 66 
 

BIO-OIL SEPARATION AND UPGRADING TECHNIQUES  
 

1* Mehmet Hakkı Alma, 1 Alperay Altıkat, 1Sefa Altıkat 
1Iğdır University Agricultural Faculty Department of the Biosystems Engineering, Iğdır University, Iğdır, Turkey  

 
*Corresponding author e-mail: mhalma46@gmail.com  

 

ABSTRACT  

Bio-oil produced from agricultural wastes, organic urban wastes and forest wastes can be used instead of fossil fuels 
thanks to various separation and upgrading methods. The pyrolysis oil releases during the production phase uses in 
many applications as a renewable fuel. Bio-oil has high water content and viscosity. In addition, the pH value of bio-
oil is low. For these reasons, it is not suitable for direct use as fuel. Some separation and upgrading methods must 
be applied for uses as a fuel. In this study, the separation and upgrading methods applied to use bio-oil as an 
alternative to conventional fuels were investigated. For this purpose, in the separation of bio-oil; distillation, solvent 
extraction and column chromatography methods were investigated. As upgrade methods: filtration, solvent addition, 
emulsification, esterification, zeolite, hydrodeoxygenation, steam reforming and supercritical fluids methods were 
investigated.  

Keywords: Bio-oil, Upgrading, Separation, Fuel, Biomass 

INTRODUCTION 

Bio-oil composes of liquid and solid particles and contains multitude of organics [1]. The calorific value of bio-oil 
varies between 16-19 MJkg-1 [2]. Bio-oil is obtained from the pyrolysis of biomass, if properly produced and 
processed, can replace fossil fuel [3]. The proportional distribution of the cellulose, hemicellylose and lignin in the 
raw material affects the bio-oil quality. Generally, the fast pyrolysis and hydrothermal liquefaction (HTL) methods   
use for biochar production. The most common and economical use among these is the fast pyrolysis process. 
Although fast pyrolysis is frequently used in production, HTL method has become a preferred method against fast 
pyrolysis, especially in parallel with the improvement in bio-oil quality. Besides the method is still in development 
stage. The temperature and pressure in the HTL are in the range of 250°C-374°C, 4MPa-22 MPa, respectively. 
However, especially the high-pressure requirement of the HTL process reduces the possibility of widespread use 
and preference of the method. In this study, the separation and upgrade methods of bio-oil to be used as an 
alternative fuel were examined in detail. 

THE SEPARATION OF THE BIO-OIL 

Conventional methods such as solvent extraction, distillation, and column chromatography are mostly used for the 
separation of the bio-oil. 

DISTILLATION 

The purpose of distillation is to remove the water from the bio-oil. In distillation processes, azeotropic [52], 
atmospheric pressure, steam and vacuum distillation methods [53,54] are used. Another distillation method is 
molecular distillation. The molecular distillation method has advantages such as low operating temperature, low 
heating rate and high efficiency. 

SOLVENT EXTRACTION 

Biooil contains many different chemical compounds. Solvent extraction method is used to separate these 
compounds. For this purpose, solvents with different properties such as water, acetate, ketone are used. Solvents 
such as diethyl ether and dichloromenthane are used to separate acetic acid and phenolic compounds in bio-oil. The 
separated acetic acid is used in the production of hydrogen. 

COLUMN CHROMATOGRAPHY 

In this method, the components are separated by adsorption.  The polarity of the components is taken into account 
in the selection of the carrier. In this method, eluent is used as a mobile phase carrier. Different eluents such as 
hexane, toluene, benzene, pentane, ethyl acetate, and methanol can be used. Eluent selection is made by 
considering the polarity of the compounds. 

BIO-OIL UPGRADE METHODS 

Bio-oil upgrading methods can be examined in 3 categories as physical, chemical and other (fig.1.). Information about 
the methods and their limitations is given in Table 1.  
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Figure 1. Bio-oil upgrading methods 

Table 1.  Bio-oil upgrading methods and limitations [4] 

Upgrading method and decription Liimitation 

1. Hot vapor filter: Ash particles are separated from steam 
In this method, the oil yield decreases and iron 
concentration increases. Fluctuations in pressure 
level occur at the processes. 

2. Solvent addition: More homogeneous bio-oil is 
obtained. The viscosity and density of the oil decreas 

Flash point decreases. Solvent addition is a rather 
complicated process. 

3. Emulsification: In this method, the calorific value of the 
bio-oil increases and the water content decreases. 

Corrosion is a major problem. The cost of refining 
emulsifiers from bio-oil is high. 

4. Esterification: Carboxylic acids are removed from the 
bio-oil. The stability of the bio-oil increases, its corrosive 
effect and acidity decrease. 

In this method the bio-oil yield is low. 

5. Catalytic Cracking (zeolite): In this method, oxygen-
containing compounds are removed from the bio-oil. 

The H/C ratio in bio-oil is reduced. Blockages occur 
in the reactor. 

6. Hydrodeoxygenation: The oxygen in the bio-oil is 
removed by pressurized hydrogen. The viscosity of the 
bio-oil decreases and its heating value increases. 

High pressure hydrogen is needed. It is a costly 
method. 

7. Steam reforming:  It is a method used for the 
production of hydrogen 

The stability of the catalyst is very short. 

8. Supercritical fluids: In this method, the heating value of 
the bio-oil is increased, and its acidity is reduced. 

Solvents are expensive. 

CONCLUSIONS 

Diffe rent techniques are used to separate specific compounds in biooil. Distillation, solvent extraction, column 
chromatography methods are used as traditional separation techniques. Malecular distillation and supercritical liquid 
extraction techniques are classified as new methods and their efficiency is higher than traditional methods. To use 
bio-oil as an alternative fuel to conventional fuels, it must undergo a series of processes involving physicochemical 
and catalytic processes. For example, solvent addition and emulsification methods can be used to improve the 
stability of bio-oil. While choosing these methods, economy and efficiency should be kept in the foreground. For 
example, although the esterification method is economical, its efficiency is low. Catalytic cracking methods (such as 
hydrodeoxygenation, zeolite cracking and steam reforming) can be listed among the new methods used in the 
upgrading of bio-oil. Steam reforming can be used to produce syngas and H2 from the hydrocarbon fuels. 
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ABSTRACT  

In this study the role of H2 in the ratio of generated acids and ΔpH regulation in Escherichia coli during the mixed 
carbon sources (glucose, glycerol, formate) fermentation was investigated. Externally added formate (10 mM) was 
utilized by wt cells ~2.6 mM during the lag phase, which decreased the value of intracellular pH (pHin) by ~0.1 units 
at 3 h of growth, compared to fdhF mutant (Fig. 1, Table 1). Meanwhile, ΔpH maintained similar -0.26 in both wt and 
fdhF strains. Due to H2 generation produced from 3 h internal formate was neutralized in wt. Whereas, in fdhF formate 
excreted out, which led to acidification of pHex by ~0.1 and pHin by ~0.28 units at 6 h. This resulted in the vital 
perturbation of ΔpH in fdhF, compared to wt (by ~0.29 units). The external formate concentration remained elevated 
by ~16 mM and ~50 mM in fdhF at 20 h and 72 h, accordingly. This phenomenon was coupled by the low generation 
of acetate and lactate. As a result, changes in the ΔpH perturbation were decreased at 24 h (by ~0.08 units) and 72 
h (by ~0.02 units).  

Keywords: molecular hydrogen, fermentation, ΔpH, formate dehydrogenase H 

 

INTRODUCTION 

Nowadays, molecular hydrogen (H2) generation by biological means is remarkable, as the optimization of the medium 

conditions during bacterial growth will provide with alternative and renewable source of energy [1]. Escherichia coli 

utilize the mixture of carbon sources and produce H2 via formate hydrogen lyase (FHL) complexes [2]. FHL-1 and 

FHL-2 are composed of formate dehydrogenase H (Fdh-H) with hydrogenase-3 and hydrogenase-4, accordingly. 

During fermentation of glucose and glycerol the same end-products, such as formate, acetate, lactate, succinate and 

ethanol are generated in different ratios [2]. It is important to understand the role of H2 in metabolic flux formation to 

regulate and improve H2 generation technology. 

 

MATERIALS AND METHODS 

In this study E. coli BW 25113 wt (rrnB ΔlacZ4787 HsdR514 Δ(araBAD)567 Δ(rhaBAD)568 rph-1) and JW2701 
(ΔfdhF) mutant defective in Fdh-H strains were used [3]. Bacterial growth medium consists of 20 g L-1 peptone, 15 g 
L-1 K2HPO4, 1.08 g L-1 KH2PO4, 5 g L-1 NaCl (pH 7.5) with addition of glucose (11.1 mM), glycerol (137 mM) and 
sodium formate (10 mM) [2]. Overnight anaerobically grown cultures were added into the growth medium and were 
cultivated at 37oC for 3, 6, 24 and 72 h. 
 
Utilization of substrates and generation of fermentation end-products were determined by the HPLC [2]. The system 
used was Agilent 1260 Infinity II LC Bio-inert with a refractive index detector (Agilent RID, G1362A, set on positive 
polarity and optical unit temperature of 55oC). Using Agilent OpenLAB CDS data processing was carried out. 
Macherey-Nagel EC 250/4.6 NUCLEOSIL 120-5 C18 column (250 x 4.6 mm, MN720041.46, Düren, Germany) was 
selected for analysis. The column was purged with acetonitrile/ water (80/20) at 60oC overnight and then regenerated 
with a mobile phase (5mM sulfuric acid in ddH2O) for a few hours to make experimental condition. 
 
For the measurement of external media pH (pHex) during bacterial growth pH-meter with selective pH-electrode 
(HI1131, Hanna Instruments, Portugal) was used. Intracellular pH (pHin) was determined using 9-aminoacridine 
fluorescent dye (9-AA, with excitation at 390 nm and emission at 460 nm) [2]. The uptake of 9-AA by bacterial cells 
was determined from the quenching of fluorescence (Cary Eclipse, Agilent Technologies, USA). ΔpH was calculated 
as the difference of pHin and pHex [2]. 
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Figure 1. Generation of fermentation end-products by E. coli wt and fdhF mutant strain grown at pH 7.5. For others 

see Materials and Methods. 
 

Table 1. Values of pHin, pHex and ΔpH in E. coli wt and fdhF mutant strain grown at pH 7.5. For others see 
Materials and Methods. 

Time, h 
wt fdhF 

intracellular pH extracellular pH ΔpH intracellular pH extracellular pH ΔpH 

3 6.85 7.114 -0.264 6.75 7.003 -0.253 

6 6.49 6.72 -0.23 6.21 6.81 0.06 

24 6.77 6.665 0.105 6.784 6.6 0.184 

72 7.267 6.532 0.735 7.15 6.433 0.717 

 
CONCLUSIONS 

In this study generation of fermentation end-products, ΔpH regulation and the role of H2 production in the mentioned 

processes were studied. The lack of external formate absorbtion in fdhF is explained by the absent of the enzyme 

responsible for the formate degradation. Data received show, that H2 generation has vital impact on the formation 

both metabolic fluxes formation and ΔpH regulation. Moreover, bacteria regulate ΔpH trough variation of the 

concentration of the generated acids. 
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ABSTRACT  

In this work, the transient analysis of adsorption of zeolite water-pair has been presented using PDE interface of 
commercial COMSOL package. The Axial Dispersion model with combination of Linear Driving Force (LDF) model 
is applied with different isotherms like Langmuir, Freundlich and Sips isotherm and the comparison study is carried 
out. From the Study its seen that the Langmuir isotherm predicts good compared to other isotherms. The study is to 
be further extended to perform adsorption with different modified isotherms. The regeneration of desiccant with 
integration of ultrasonic energy and heat (solar/waste) energy is to be carried out. As a special case ultrasonic 
assisted regeneration is to be carried in vacuum conditions to study its effects and efficiency. The different desiccants 
namely, silica gel, activated carbon, zeolites have been compared on the basis of adsorption isotherms. 

Keywords: Regeneration, Ultrasound Energy, Heating, Vacuum  

INTRODUCTION 

The growing need for cooling and drying applications has boosted the use of refrigeration and dehumidifying systems. 
The increased energy consumption of vapour compression refrigeration systems had intensified interest in prominent 
technologies such as adsorption cooling and drying systems. Adsorption cooling based on desiccant is efficient owing 
to its capability to utilize low grade heat energy such as waste heat from industries, power plants, and solar energy 
which improves the system's efficiency. The adsorption system's effectiveness is determined by both the adsorption 
and desorption processes. The emphasis on desiccant regeneration has increased by using various energy sources 
such as heating, microwave, ultrasonic, and solar, among many others, to make the system more efficient. The work 
done by Yao et al. (1–5) on regeneration of  Silica gel using Ultrasonic Energy showed the efficiency of ultrasound 
in regeneration. It has been stated that the regeneration efficiency is increased due to the factors like microstreaming, 
alternative pressure bubbles and turbulence which enhances the moisture diffusivity and also part of ultrasound 
energy is converted to heat which enhances the temperature of the desiccant bed. Many theories have been 
proposed for the reason for ultrasonic assisted regeneration but mechanism which enhances the process is not clear. 
So to study the effect Daghooghi et al. [6] performed experiment on desorption of zeolite- water pair by varying the 
power supply of ultrasonic and heating power and maintaining total power constant. The work is to be carried similar 
but the regeneration of desiccant is to be carried in vacuum conditions, because the boiling point of the water 
decreases with decrease in pressure. 
 
MATERIALS AND METHODS  

The Adsorption isotherms of the zeolite water pair was  numerically analysed with different input conditions  and 
compared with the experimental results (7).The axial dispersion model with Linear driving force (LDF) as shown in 
Eqs. (1-5) was numerically solved using COMSOL PDE Interface. The comparison plot for different isotherms is 
shown in the fig. 2. As the next step the adsorption of desiccant pair is to be carried out in vacuum conditions. The 
combination of heating and ultrasonic is to be used as main source of energy. The experiment is to be carried out in 
normal conditions and in vacuum conditions with different desiccants. The regeneration is to be carried to with 
different ultrasonic frequency like 25kHz, 33kHz, 40kHz, 80kHz with total input power of 40W. The schematic diagram 
of the proposed experimental setup is shown in Fig.1.  

Axial Dispersion Model: 

𝐷𝑎𝑥
𝜕2𝐶

𝜕𝑧2
− 𝜈

𝜕𝐶

𝜕𝑧
−

(1−𝜀𝑏)

𝜀𝑏

𝜕𝑞

𝜕𝑡
=

𝜕𝐶

𝜕𝑡
        (1) 

Linear Force Driving Model: 

𝑑𝑞

𝑑𝑡
= 𝑘(𝑞∗ − 𝑞)          (2) 

Langmuir Isotherm: 

𝑞∗ = 𝑞𝑠
𝑏𝐶

1+𝑏𝐶
          (3) 

Freundlich Isotherm: 

𝑞∗ = 𝐾𝑃 1
𝑛⁄           (4) 

 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

179

mailto:tiwsumit@hotmail.com


 

Sip Isotherm 

𝑞∗ = 𝑞
𝑠

(𝑏𝑃)1 𝑛⁄

1+(𝑏𝑃)1 𝑛⁄
          (5) 

 

Fig. 7. Schematic Diagram of Experimental Setup (6) 

 

Fig. 2. Comparison of Adsorption with Different Isotherms 
 

CONCLUSIONS 

In this study, the Numerical analysis done on Adsorption using Axial dispersion model with different isotherm showed 
that the Langmuir adsorption isotherm predicts good compared to other isotherms in range of given pressure and 
inlet mass flow rate of water. The Freundlich Isotherm predicts with more error similar to sips equation. So, further 
study is to be carried with different pressure range and the flow rate and different isotherms. As the analysis is is 
done as Initial step, the major concentration is to be kept on the experimental work and integrating the ultrasonic and 
heating power to perform regeneration process in vacuum condition. The study will give some idea on the effect of 
ultrasonic power and the effect of frequency on Regeneration process in vacuum condition. 
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NOMENCLATURE 

C                                Concentration of the Adsorbate(mol/m^3) 

𝐷𝑎𝑥 Axial Dispersion Coefficient(m^2/s) 

𝜀𝑏) Voidage Fraction of Bed 

q Adsorbed Concentrated Species 

𝑞𝑠 Adsorbed Concentrated species at Saturated Equilibrium 

K Freundlich Constant 
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ABSTRACT 

Energy and exergy analysis of a binary geothermal power plant was carried out using actual plant data for various 
working fluids and performance of working fluids are compared. As a result, the plant using isobutane has the highest 
energy and exergy efficiencies and turbine work.  

Keywords: Binary power plants, Working fluid selection, Energy analysis, Exergy analysis  
 
INTRODUCTION 

Geothermal energy is used for electricity generation or direct use applications such as heating, cooling, drying and 
industrial applications based on its temperature and flowrate. Most common geothermal power generation systems 
are flash steam, dry steam and binary cycle plants [1]. Design, environmental impact and efficiency of a binary cycle 
plant is influenced by working fluid properties [2]. Working fluid selection criteria are based on thermodynamic 
properties of fluids, as well as health, safety, and environmental impacts. Environmental criteria are ozone depletion 
potential, toxicity, flammability, and global warming potential. Since all hydrocarbon fluids are flammable, additional 
fire prevention equipment is required on site in addition to the regular standards for any power plant [3].  From the 
thermodynamics point of view, critical temperature and pressure of the working fluid should be competitive with the 
geothermal fluid temperature and effects the choice of the cycle (subcritical/supercritical) [4]. Exergy analysis based 
on the 2nd law of thermodynamics has proven to be an effective method in energy system performance evaluation 
and thermodynamic analysis [1]. There is extensive literature on energy and exergy analysis of geothermal power 
plants [1-4]. In this study, thermodynamic performance of an existing binary power plant which employs isobutane 
as working fluid is analyzed for various working fluids.  

MATERIALS AND METHODS 

A binary power plant located in Reno-Nevada-USA is operated with isobutane as the working fluid and generates 27 
MWe. Fig.1 shows a schematic diagram of the plant [1]. In addition to isobutane, several other working fluids such as 
n-butane, R-152A, R-124 and isopentane were also selected and, energy and exergy analysis were conducted 
through EES software [5] based on the data given in [1]. The turbine inlet temperature of the plant is 146.8°C which 
is higher than the critical temperature (135.9°C [6]) of isobutane while inlet pressure remained lower that critical 
pressure. 

The equations for energy and exergy analysis are given in Eq.1-8. 
 
Energy balance; [1,2] 

�̇� + �̇� = ∑ �̇�𝑜𝑢𝑡 ℎ𝑜𝑢𝑡 − ∑�̇�𝑖𝑛 ℎ𝑖𝑛                                                                                                      (1) 

�̇�𝑇 = (ℎ3 − ℎ4) × �̇�𝑤𝑓                                                                                                                                (2) 

 
Exergy balance; [1,2] 

�̇�ℎ𝑒𝑎𝑡 + �̇� = ∑ �̇�𝑜𝑢𝑡 − ∑ �̇�𝑖𝑛  + 𝐼 ̇                                                                                                                   (3) 

�̇� = �̇� × ((ℎ − ℎ0) − 𝑇0(𝑠 − 𝑠0))                                                                                                                   (4) 

�̇�ℎ𝑒𝑎𝑡 = ∑(1 −
𝑇0

𝑇
) �̇�                                                                                                                                (5) 

 
Exergy destruction of the plant: [1,2] 

𝐼�̇�𝑙𝑎𝑛𝑡 = �̇�6 − �̇�𝑛𝑒𝑡,𝑜𝑢𝑡                                                                                                                                 (6) 

 
Energy and exergy efficiencies: [1,2] 

𝜂 = �̇�𝑛𝑒𝑡,𝑜𝑢𝑡/�̇�𝑟𝑖                                                                                                                                 (7) 

𝜂𝑒𝑥 = �̇�𝑛𝑒𝑡,𝑜𝑢𝑡/�̇�𝑤𝑓 × ((ℎ3 − ℎ2) − 𝑇0(𝑠3 − 𝑠2))                                                                                         (8) 
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Fig.1. System schematic of the plant [1]. 

 
RESULTS AND DISCUSSION 
Energy and exergy analysis for given power plant data and various working fluids are conducted using EES software 
and the results are presented in Table 1. The Table exhibits that isobutane has the highest energy and exergy 
efficiencies and turbine work output for given turbine inlet temperature of 146.8°C. On the other hand, for the same 
turbine inlet temperature, isopentane gave negative values for work output and efficiencies. The reason is the given 
turbine inlet temperature (146.8°C) is lower than isopentane critical temperature (187.8°C [6]). Therefore, turbine 
inlet temperature is increased to 196.8°C to maintain supercritical conditions, then the results are given in Table 1. 
For the total plant exergy destruction rate, isobutane resulted in 60,703 kW which is the lowest value while R-124 
and isopentane encountered highest exergy destruction rates. 
 
CONCLUSIONS 
Isobutane has the highest energy and exergy efficiencies which are 4% and 38%, respectively. Also, the highest total 
turbine work (21,745 kW) and lowest total exergy destruction rate (60,703 kW) were encountered for isobutane. 
Moreover, isopentane has the lowest energy and exergy efficiency while R-124 has the lowest turbine work output 
and highest total loss value (71,635 kW). Therefore, it is proper to state that isobutane is the optimum working fluid 
among other fluids in this study.   
 
Table 1. Comparison of results for different working fluids 

Turbine inlet temp.  
(°C) 

Working 
fluids 

Energy eff. 
 (%) 

Exergy eff. 
(%) 

Turbine work 
 (kW) 

Total exergy 
destruction  

(kW) 

146.8 

Isobutane 4.1 38 21,745 60,703 

n-butane 2.7 21 15,393 67,137 

R-152A 2.2 28 14,246 67,476 

R-124 1.1 23 9,654 71,635 

Isopentane -0.10 -1.72 -32,756 115,272 

196.8 Isopentane 1.7 11 13,153 69,334 

 
REFERENCES 
[1] Kanoglu M, Bolatturk A. Performance and parametric investigation of a binary geothermal power plant by exergy. Renew 

Energy. 2008;33(11):2366–74. 
[2] Zeyghami M. Performance analysis and binary working fluid selection of combined flash-binary geothermal cycle. Energy. 

2015;88:765–74. 
[3] Nalevankova J. Comparison of working fluids for ORC geothermal power plant comparison of working fluids for ORC. 

Conference Paper. 2015;(February 2016). 
[4] Karellas S, Schuster A. Supercritical fluid parameters in organic rankine cycle applications. Int J Thermodyn. 2008;11(3):101–

8. 
[5] F-Chart Software, EES, engineering equation solver. In: F-Chart Software, 2015. Internet Website, Available 

from:http://fchartsoftware.com/ees/index.php/     
[6] Sierra ALM, Garcia NA. Criteria for the selection of working fluids for geothermal power plants: a case study in Spain. 

Proceedings. 2018;2(23):1424. 

 
  

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

183

http://fchartsoftware.com/ees/index.php/


 

Submission ID: 70 
 

PRECASTED TIMBER-CONCRETE COMPOSITE AS A COMPONENT OF SUSTAINABLE 
CONSTRUCTION 

 

1* Paweł Mika, 2 Sabina Kuc, 3 Łukasz Wesołowski  
1,2,3 Cracow University of Technology, Faculty of Architecture, Podchorążych 1, 30-084 Cracow, Poland 

 
*Corresponding author e-mail: pmika@pk.edu.pl 

 

ABSTRACT  

Two building materials have been introduced at the end of XIX century - steel and concrete. They replaced traditional 
and locally produced structural materials, especially wood. According to the latest research, steel and concrete 
represent 3% and over 5% of human green-house emissions on Earth, respectively. 8% of the entire human gas 
emissions come from these two materials only. 

The article presents construction systems that combine traditional sustainable material (wood) with modern material 
(concrete). Hybrid solutions such as timber-concrete composites (TCC) become more and more common type of 
technology. The combination of high concrete compressive strength and wood tensile strength gives good results, 
especially in the case of floor slabs. This technology is often used in the buildings with engineered wood structure. The 
research presents solutions that introduce such a hybrid solution to other partitions of the building. An analysis was 
made in terms of the problems that may arise and the advantages that this solution can bring, mainly in terms of energy 
efficiency and environmental impact. 

Keywords: timber-concrete composites, hybrid structures, timber, engineered wood, concrete prefabrication 
 
INTRODUCTION 
Joining materials with different properties together often brings interesting or even breakthrough results, as was the 
case, for example, when concrete and steel were joined. There has been a revolution in the construction industry all 
over the world that has changed modern architecture both in terms of design and aesthetics. However, cement is a 
very energy-consuming material to produce. A reduction in cement production will mean less exploitation of the 
planet, less CO2 in the atmosphere and less pollution. Modern wooden construction can be very energy-efficient and 
can be a perfect counterpoint for heavy reinforced concrete structures. Wood is a natural storehouse of CO2. 
However, even the most modern wooden structures made with the use of Cross Laminated Timber, Glue Laminated 
Timber or Laminated Veneer Lumber often need concrete, e.g. as a foundation or to add additional weight to the 
structure, and stiffen it. Combining these two materials is nothing new. Research on such composite systems has 
been conducted for years [1]. However, it is only now that there is a sudden increase in interest in high-performance 
timber construction. Therefore, the use of hybrid systems combining wood with concrete has become common. The 
combination of high concrete compressive strength and wood tensile strength gives good results [2], especially for 
ceilings. Therefore, an attempt was made to analyze the use of such solutions as prefabricated wall panels. 
 
MATERIALS AND METHODS  
The research was carried out on the basis of exemplary TCC solutions used in existing buildings. Theoretical research 
was also carried out on the possibilities offered by the combination of concrete with wood in terms of thermal insulation. 
Experimental research involving the use of TCC in partitions other than internal ceilings is currently under development. 
 
CONCLUSIONS 
Joining concrete with wood gives excellent results for internal ceilings in timber-framed buildings. Such ceilings are 
lighter, have good sound insulation, do not require additional finishing because wood is a material with high aesthetic 
parameters. Lighter construction also means less energy expenditure on transport and assembly, which results in lower 
emissions of carbon dioxide into the atmosphere. The use of such hybrid solutions in external walls or roofs can also 
bring a number of benefits for investors, users and the environment. 
 
The conducted research is part of the EU Erasmus+ project “Sustainable, High-Performance Building Solutions in 
Wood”. Aim of the project is to develop a new trans-disciplinary module and e-learning platform in order to bring technical 
knowledge about engineered wood to design offices and to make wood industry more innovative and sustainable. 
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ABSTRACT 

Extreme climatic environments at the Russian Far North (RFN) produce increase demand on human health, especially 
among climate-sensitive groups of the population – those with respirator and cardiovascular problems, particularly 
children and elderly. The study aims at estimation of thermal discomfort of urban areas at the RFN in bioclimatic indices, 
expressed in calorific terms. Generally, northern cities with low temperatures and strong winds are more discomfortable, 
especially in January. No obvious changes in thermal extremity is found due to the growing temperature in 1980-2010 
compare to 1960-1990. Cold environments cause direct and indirect impact on human health. 

Keywords: bioclimate, urban, Russian Far North, human health, climate change 

 
INTRODUCTION 

The Extreme North or Far North of Russia (RFN) is a large part of the country located mainly north of the Arctic 
Circle. Its total area is about 5,500,000 km2, comprising about one-third of Russia. The southern border of the Far 
North passes: in the European part of Russia and in the Western Siberia – about latitude 62° N, in the Eastern Siberia 
– at latitude 60° N, in the Russian Far East ‒ at latitude 55° N. This part of Russia is located in very harsh environment 
characterized by extremely low ambient temperatures, particularly in the northern areas of Krasnoyarski Krai, 
Tyumen Region and Salkha (Yakutiya). Cold climates conditions are combined with high air humidity and strong 
wind, especially in Magadan Region, which sharply aggravates the effect of low temperatures on human body and 
its thermoregulation system, as well as worsens human health and well-being. Many bioclimatic indices are designed 
to display the complex influence of climate and weather on thermal (dis)comfort, which are used for both cold and 
warm seasons, and for the bioclimatic estimations during the year as a whole [1,2]. Climatic and weather conditions 
of the northern latitudes themselves, reinforced by recent dramatic climate changes, contribute to social and 
economic changes in urban and rural areas. The current study is aimed at assessing changes in the outdoor thermal 
environment in urban areas of the Russian Extreme North from the point of view of energy supply for human health 
and well-being using bioclimatic indices. 

 
MATERIALS AND METHODS 

To determine the level of thermal load of weather and climate as a whole on the human body or the risk to human 
health, special bioclimatic indices are used, which characterise the ambient thermal environment in calorific terms, 
showing the energy supply (or deficit) of ambient conditions. They are mainly designed on the basis of parallel 
physiological and meteorological observations, including Hill wind wet cooling index and Wind Chill Index [1-7]. 

In Russia and the former USSR, the Hill wind wet cooling index (H, mcal cm‒2 s‒1) is widely used in bioclimatic studies 
of both cold and warm periods, which takes into account the air temperature and humidity, and wind speed [1,6]. 
During cold season, H > 70 mcal cm‒2 s‒1 characterizes absolutely discomfortable conditions, 51‒70 – extremely 
discomfortable, 41‒50 – discomfortable; summer conditions with index values from 14 to 22 are estimated as 
comfortable, and with a value < 8 mcal cm‒2 s‒1 as hot [6]. 

Wind Chill Index (W, kcal m‒2 h‒1) indicates thermal sensation of temperature enhanced by wind speed [4,6,7]. W is 
used for estimation of a possible hypothermia: a person dressed in winter clothing is hypothermized at W=1190‒
1547, W>2500 means “intolerably cold”. W<762 kcal m‒2 h‒1 indicates comfortable conditions [6]. 

Estimation of the spatial and temporal dynamics of the thermal (dis)comfort was carried out for the main urban areas 
of RFN, including Murmansk, Arkhangelsk, Vorkuta, Surgut, Noyabrsk, Novy Urengoy, Norilsk, Yakutsk, Magadan, 
Petropavlovsk–Kamchatsky, where Surgut is the largest city, Petropavlovsk–Kamchatsky – more southern, and 
Norilsk – more northern city. The average monthly and yearly data on air temperature, absolute humidity, and wind 
speed, for two periods: from 1960 to 1990, and from 1980 to 2010, presented by World Data Centre in Obninsk at 
http://meteo.ru/data, were used. 
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RESULTS AND DISCUSSION 

Wind speed and air humidity modify effect of cold temperatures, which is expressed in bioclimate indices. The 
calculations show the least severe conditions of the cold season are observed in locales protected from the wind, 
with very low temperatures and almost complete windlessness. Despite the higher winter temperatures, cities with a 
strong wind speed close to the Arctic and Far Eastern seas are characterized by increased severity throughout the 
whole year. The weather severity here is 1.5‒2 times higher than at the spots located inside the continent or much 
further north. In general, more severe conditions are observed in cities located in Krasnoyarski Krai, Tyumen and 
Magadan. 

According to the Hill wind wet cooling index, all cities are located in a severely cold zone during January, with H index 
above 50 mcal cm‒2 s‒1 in the category of “extremely discomfortable” conditions, and “absolutely discomfortable” 
conditions are indicated in Norilsk, up to 88 in January and 83 mcal cm‒2 s‒1 during the cold season (from November 
to March). Vorkuta and Magadan have the same thermal harshness during winter– near 75 mcal cm‒2 s‒1. These 
cites have very strong winds during the whole year, and especially during the winter season – up to 6.0–6.6 m s‒1. 
The coldest Yakutsk has much lower values of thermal discomfort expressed by Hill index – neat 50 mcal cm‒2 s‒1, 
although these values are still characterized as “extremely discomfortable”, which is explained by calm conditions 
with wind speed near 1.0 m s‒1. 

The Wind Chill Index shows that outdoor climate in RFN is extremely and intolerably cold, with values for the period 
from January to February higher than 1190 kcal m-2 h-1 at the whole area, whilst in Vorkuta and Norilsk these 
conditions are observed during months from November to April. The more severe environments are noticed in the 
northern Norilsk – higher than 1700 kcal m‒2 h‒1 in months from December to February. Extreme values of wind Chill 
index have the same spatial distribution as Hill index estimations. During months from June to September Wind Chill 
index indicates comfortable conditions with W<762 kcal m‒2 h‒1 everywhere in the cities at the RFN. 

Climate change is objectively manifested in ambient temperatures – 0.4–2.0 °C of mean year values, and up to 4.0 °C 
in January in Yakutsk. Despite the increase in temperature, climatic discomfort expressed by bioclimatic indicators 
in calorific terms, practically does not change, remaining in the same grades of thermal extremity throughout the 
year. 

The effect of a cold thermal environment aggravated by strong winds, can be expressed on human health directly 
(damage to the extremities, chills, frostbite, cooling trauma) and indirectly (an increase in respiratory and 
cardiovascular morbidity, particularly in children and elderly) [8,9]. Special plans for cities should guarantee safety of 
people, especially for those who work outside: high-calorific food, proper clothing insulation, working regimes [9]. 

CONCLUSIONS 

Bioclimatic indices Hill wind wet cooling index and Wind Chill Temperature express cold environments of cities at the 
Russian Far North regions in calorific terms. Generally, northern cities with low temperatures and strong winds are more 
discomfortable, especially in January. No obvious changes in thermal extremity is found due to the growing temperature 
in 1980-2010 compare to 1960-1990. Cold environments cause direct and indirect impact on human health, manifesting 
itself in an increase of respiratory and cardiovascular morbidity. 
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ABSTRACT  

Over the years, the demand for freshwater is increasing rapidly. In the present communication, the performance of 
double slope solar still has been analyzed for a clear day of March month in Delhi. Thermal modeling has been 
analyzed for passive and active double slope solar still.  Further, results were compared for both cases based on 
input data (solar radiation and ambient temperature) provided from IMD, Pune. The average efficiency for solar still 
with and without parabolic dish was found to be 24.52% and 19.77%, respectively. The yield of passive solar still is 
observed to be 8.48 kg and 14.16 kg from active solar still having a 2m2 basin area. 

Keywords: Double slope solar still, Evaporative heat transfer coefficient, Overall thermal efficiency, Parabolic dish, 
Yield  

INTRODUCTION 

Water is the most important resource of nature [1]. Freshwater is a necessity for every living being on this earth. 
About 70 percent of the earth's surface is covered with water. Over 97 percent of this water is saline, which is present 
in oceans, 2 percent is in form of ice in the polar region, and the remaining is fresh water in the form of lakes, rivers, 
and groundwater [2]. As there is a rapid growth of population, industrialization's need for water is also increasing. 
Most of the domestic and industrial purposes are fulfilled by ground and river waters [3]. After these two, the major 
sector using freshwater is the agricultural sector. The water demand is drastically increasing over years. Therefore, 
purification of saline water takes its role. The most common method of desalinating saltwater is solar desalination 
[4].  
 
From the review very, little work has been found for solar still with the parabolic dish. In the present analysis, solar 
still with the parabolic dish has been explored and compared with passive solar still without collector in terms of mass 
output. 
 
PROPOSED SETUP AND METHODS  

 

Fig. 1. Schematic view of solar still (double slope) having parabolic dish for energy collection 

A schematic view of solar still (double slope) having a parabolic dish for energy collection is shown in Fig. 1. The 
solar still and parabolic dish collector is integrated in such a way that the water flows between them in forced mode. 
The heated water from the receiver goes to the bottom of the still using pipes. The beauty of the setup is to receive 
heat in two ways: one from the double slope glass of solar still and the second through dish collector. The principle 
of producing clean energy is that solar still gets radiation at the top glass. Further, radiation is absorbed to the solar 
still basin through water, and due to increased basin temperature; heat is transferred to water due to convection. 
Also, some of the heat given to solar still basin water from dish type concentrator. Solar dish contains a receiver 
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having water flow. The solar radiation will be reflected through the dish and concentrated on the solar receiver and 
takes the heat.  

Finally, heated water transfers the heat to glass with the help of conductive, convective, radiative, and evaporative 
heat transfer coefficients. Due to heat, water gets evaporate and condense on the glass due to cooling. The 
condensed water glide through the inclined glass and collect in a freshwater tank via the corners of east and west 
walls.  

THERMAL MODELLING  
Parabolic Dish Equations (Alarcón et al. [5]) 

Heat removal factor- 𝐹𝑅 =
�̇�𝐶𝑝

𝐴𝑤𝑈𝐿
[1 − exp (−

𝐴𝑤𝑈𝐿𝐹′

�̇�𝐶𝑝
)]      (1) 

Useful gain �̇�𝑢 = 𝐹𝑅𝐴𝑎 [𝐼𝑠𝜂0 −
𝐴𝑟

𝐴𝑎
𝑈𝐿(𝑇𝑤 − 𝑇𝑎)]        (2) 

Thermal modeling of solar still 

Heat equation for east side glass:   

(a) Inner east glass  

 𝛼g
′ 𝐼E + ℎtE(𝑇w − 𝑇ciE) − 𝑈EW(𝑇ciE − 𝑇ciW) =

𝐾g

𝐿g
(𝑇ciE − 𝑇coE)                                   (3) 

(b) Outer east glass  

𝐾g

𝐿g
(𝑇CiE − 𝑇coE) = ℎaE(𝑇coE − 𝑇a)                                                                                 (4) 

 where,  ℎtE = ℎcwE + ℎewE + ℎrwE 

Heat equation for west side glass:  

(c) Inner west glass  

𝛼𝑔
′ 𝐼𝑊 + ℎtW(𝑇w − 𝑇ciW) + 𝑈EW(𝑇ciE − 𝑇ciW) =

𝐾g

𝐿g
(𝑇ciW − 𝑇coW)                             (5) 

(d) Outer west glass  

𝐾g

𝐿g
(𝑇ciW − 𝑇coW) = ℎaW(𝑇coW − 𝑇a)                                                                            (6) 

where,  ℎtW = ℎcwW + ℎewW + ℎrwW  

Heat equation at Basin liner:   

𝛼b
′ 𝜏𝑔(𝐼E + 𝐼W) = 2𝑈bw(𝑇b − 𝑇w) + 2𝑈ba(𝑇b − 𝑇a)                                                      (7) 

Energy balance for water mass:   

(𝑀𝐶w)
𝑑𝑇w

d𝑡
= (𝐼E + 𝐼W)𝜏𝑔𝛼w

′ + 2𝑈bw(𝑇b − 𝑇w)

−ℎtE(𝑇w − 𝑇ciE) − ℎtW(𝑇w − 𝑇ciw) + �̇�𝑢

                                    (8) 

After solving all the energy balance equations, MATLAB program has been used to solve first order differential 

equation for different temperatures. Further, energy and mass evaporated can be evaluated on the data generated 

by MATLAB. 

 

CONCLUSIONS 

The following conclusions can be drawn, 
• The average efficiency for parabolic dish type solar concentrator was found to be 48.12%. 
• From the analysis, a 78.77% increment in terms of distilled mass in the case of solar still with parabolic dish 
collector is found.  
• The average efficiency for solar still with and without parabolic disc was found to be 24.52% and 19.77% 
respectively. 
• The yield of passive solar still is observed to be 8.48 kg and 14.16 kg from active solar still having a 2m2 basin 
area. 
 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

188



 

From the results, it can be concluded that active solar still can be the right choice for the mass production of clean 
water. Further, a study is required to utilize solar heat in nighttime also through different thermal storage options 
namely, sensible heat storage material and phase change materials. 
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NOMENCLATURE 

As: Surface area of condensing cover (m2) 
ht: Total internal heat transfer coefficient (HTC) (W/ m2°C) 
hcw: Internal convective HTC (W/m2°C) 
hew: Internal evaporative HTC (W/ m2°C) 
hrw: Internal radiative HTC (W/ m2 °C) 
ha: HTC between outer condensing cover and ambient air (W/ m2°C) 
I: Solar intensity on the condensing cover (W/m2) 
kg: Thermal conductivity of condensing cover (W/m°C) 
Lg: Thickness of condensing cover (m) 
L: Latent heat of vaporization (J/kg) 
M: Mass of water in the basin of solar still (kg) 
ṁ: Hourly distillate yield (kg/m2) 
P: Partial saturated vapor pressure (N/m2) 

Q̇u: Useful thermal energy gain from the collector (W/m2) 
qEẆ: Evaporative heat transfer rate (W/m2) 
T: Temperature (°C) 
UL: Overall HTC for flat plate collector (W/m2°C) 
UEW: Internal radiative HTC between east and west condensing cover (W/m2 °C) 
Ubw: HTC between basin liner and water (W/m2 °C) 
Uba: HTC between basin liner and ambient air (W/m2 °C) 
Ua: Overall HTC between outer condensing cover and ambient air (W/m2°C) 
V: Air velocity (m/s) 
Subscripts 
E: East side 
W: West side 
C: Collector plate 
w: Water 
ci: Inner condensing cover 
co: Outer condensing cover 
a: Ambient 
b: Basin liner 
Greek Letters 
α′g: Fraction of solar energy absorbed by glass cover 
α′b: Fraction of solar energy absorbed by basin water 
εg: Emissivity of glass cover 
εw: Emissivity of water 
τg: Transmittivity of glass 
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ABSTRACT  
The world is facing a scarcity of energy as conventional resources are limited. The solar collectors with PV module 
have proved the effective solution towards electricity along with thermal energy. The present study is focused on the 
sensitivity study of N alike partly enclosed with photovoltaic thermal compound parabolic concentrators having series 
connection for the summer climatic condition of New Delhi, India. The sensitivity analysis has been done by using 
one-at-a-time (OAT) method. The outcome of changing mass flow rate, numbers of collectors, packing factor, the 
inclination of collectors and concentrator ratio on heat gain have analyzed. The study shows the concentrator ratio is 
more sensitive, followed by numbers of collectors, mass flow rate, inclination angle and packing factor. The average 
sensitivity figure for the proposed system has been found to be 1, 0.91, 0.31, 0.17 and 0.08 with respect to mass 
flow rate, numbers of collectors, packing factor, inclination of collectors and concentrator ratio. 
 
Keywords: Sensitivity figure; Sensitivity analysis; solar collector; solar system; Series connection 

INTRODUCTION 
Power development plays an essential role in the country's economic growth. The world faces the issue of scarcity 
of fossil fuels, petroleum products, etc., as these also have carbon emissions. Solar-driven technology has attained 
greater attention because of its cost-effectiveness, along with its highly efficient methods. The solar collectors have 
been used to heat the water, air, space heating, seasoning of timbers etc., for domestic as well as industrial purposes. 
Apart from this, solar collectors have also been used for electrical power generation, which could replace the 
conventional way of producing power. The photo-voltaic thermal (PVT) collectors are capable of generating electricity 
along with heat energy. The parabolic trough collectors (PTC) concentrate the solar radiation on its focal. The 
compound parabolic concentrators (CPCs) are the non-imaging trough concentrators, which works on the principle 
of edge optics. These collectors have the potential to reflect all radiations falling over it to the absorber of the 
collectors [1-4]. The main aim of the study is too focused on the following objectives:  
i. To investigate the heat gain of the N-PVT-CPCs connected in series by varying the MFR keeping all other 

parameters constant. 
ii. To investigate the effect on the heat gain of the N-PVT-CPCs by changing the area covered keeping all other 

parameters constant. 
iii. To examine inclination angle effect on the heat gain of the N-PVT-CPCs for the fixed values of collectors, 

PF and CR keeping all other parameters constant. 
iv. To estimate values of sensitivity figures for N-PVT-CPCs. 
v. To explore effect of PF and CR on heat gain of N-PVT-CPCs for given values of N and MFR keeping all other 

parameters constant. 
 

PROPOSED SETUP AND METHODS  

 

Fig. 1. N identical partly covered CPCs (N-PVT-FPCs) connected in series 
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THERMAL MODELLING  

   
Fig. 2. XX’ view (cut section) of 1st PVT-CPC along width (heat interaction) 

 
The equations based on equating input heat to output heat can be written as: 
 
For solar cell of semitransparent PV module (Fig.2)  

𝜌𝛼𝑐𝜏𝑔𝛽𝑐𝐼𝑏𝐴𝑎𝑚 = [𝑈𝑡𝑐,𝑎(𝑇𝑐 − 𝑇𝑎) + 𝑈𝑡𝑐,𝑝(𝑇𝑐 − 𝑇𝑝)]𝐴𝑟𝑚 + 𝜌𝜂𝑚𝐼𝑏𝐴𝑎𝑚            (1) 

 
The expression for solar cell temperature from equation (1) can be found as 

𝑇𝑐 =
(𝛼𝜏)1,𝑒𝑓𝑓𝐼𝑏+𝑈𝑡𝑐,𝑎𝑇𝑎+𝑈𝑡𝑐,𝑝𝑇𝑝

𝑈𝑡𝑐,𝑎+𝑈𝑡𝑐,𝑝
         (1a) 

 
The electrical efficiency of the cell can be written as: 
𝜂𝑐 = 𝜂0{1 − 𝛽0(𝑇𝑐 − 𝑇0)}          (1b) 

  
Fig. 3. Heat interaction for absorber plate 

 
For absorber plate (Fig. 3) 

𝜌𝛼𝑝𝜏𝑔 
2 (1 − 𝛽𝑐)𝐼𝑏𝐴𝑎𝑚 + 𝑈𝑡,𝑐𝑝(𝑇𝑐 − 𝑇𝑝)𝐴𝑟𝑚 = 𝐹′ℎ𝑝𝑓(𝑇𝑝 − 𝑇𝑓)𝐴𝑟𝑚 + 𝑈𝑡,𝑝𝑎(𝑇𝑝 − 𝑇𝑓)𝐴𝑟𝑚      (2) 

 
Eliminating 𝑇𝑐 from equation (1) and (2) and rearranging, one can find expression for 𝑇𝑝 as  

𝑇𝑝 = 
 [(𝛼𝜏)2,𝑒𝑓𝑓+𝑃𝐹1(𝛼𝜏)1,𝑒𝑓𝑓]𝐼𝑏+ 𝑈𝐿2𝑇𝑎+ℎ𝑝𝑓𝑇𝑓

(𝑈𝐿2+ ℎ𝑝𝑓)
       (3)  

 
For fluid (water) flowing through tubes made of copper (Fig. 4) 

�̇�𝑓𝑐𝑓
𝑑𝑇𝑓

𝑑𝑥
𝑑𝑥 = 𝐹′ℎ𝑝𝑓(𝑇𝑝 − 𝑇𝑓)𝑏 𝑑𝑥                (4) 

 
Fig. 4. Fluid flow through tubes below absorber plate 

 

CONCLUSIONS 

The following conclusions have been drawn from the study: 
i. The daily heat gain from the series connection of the N-PVT-CPCs collectors increases with CR, numbers 

of collectors and MFR. The increment rate in daily heat gain is higher with an increase in CR, numbers of 
collectors, and MFR.  

ii. The increase in MFR beyond 0.04 kg/s is not significant to the heat gain, as the heat gain not increases as 
it increases when MFR changes from 0.01 to 0.04 kg/s.  

iii. With the increase in PF and the inclination angle of collectors from horizontal, the heat gain of the proposed 
system decreases, the rate of decrement has been higher with the inclination than PF. 

iv. The sensitivity analysis of the N-PVT-CPCs series connections found that the CR is the most sensitive 
parameter followed by the numbers of collectors, MFR, inclination angle and PF, respectively.  The average 

 

 
 

Absorber Plate PV Module 

  

 

x x
𝑇𝑓 (𝑇𝑓 + 𝑑𝑇𝑓) 
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values of sensitivity figure are 1, 0.91, 0.31, 0.17 and 0.08 for the input variables CR, numbers of collectors, 
MFR, inclination, and PF respectively.  
 

REFERENCES 

[1] C. Jiang et al., “A review of the compound parabolic concentrator (CPC) with a tubular absorber,” Energies, vol. 13, no. 3, 
2020, doi: 10.3390/en13030695. 

[3] R. V. Patel, G. Singh, K. Bharti, R. Kumar, and D. B. Singh, “A mini review on single slope solar desalination unit augmented 
with different types of collectors,” Mater. Today Proc., vol. 38, pp. 204–210, 2021, doi: 10.1016/j.matpr.2020.06.580. 

[3] R. V. Patel, K. Bharti, G. Singh, G. Mittal, D. B. Singh, and A. Yadav, “Comparative investigation of double slope solar still by 
incorporating different types of collectors: A mini review,” Mater. Today Proc., vol. 38, pp. 300–304, 2021, doi: 
10.1016/j.matpr.2020.07.338. 

[4] A. Fernández-García, E. Zarza, L. Valenzuela, and M. Pérez, “Parabolic-trough solar collectors and their applications,” Renew. 
Sustain. Energy Rev., vol. 14, no. 7, pp. 1695–1721, Sep. 2010, doi: 10.1016/j.rser.2010.03.012. 

 
ABBREVIATIONS  
PVT  photovoltaic thermal 
PTC  parabolic trough collector 
CPCs  compound parabolic collectors 
N  Number of collectors 
PV  photovoltaic 
HTFs  heat transfer fluids 
MFR  mass flow rate 
N-PVT-CPCs N identical partly covered compound parabolic collectors 
PF  packing factor 
OAT  one-at-a-time  
CR  concentration ratio 
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ABSTRACT 

This research paper focuses on the effect of water depth on efficiencies and productivity analyses of N alike 
evacuated tubular collectors (ETCs) coupled to solar still of single slope type by incorporating exergy. The 
investigation for the proposed system has been done for typical days of June and January for the complex climatic 
situation of New Delhi. The hourly thermal efficiency, hourly exergy efficiency and hourly productivity have been 
computed and they have been 2D plotted for different values of water depth. Based on the hourly values of different 
efficiencies and productivity, their values on daily basis have been computed followed by the evaluation of average 
values on daily basis for different values of water depth. It has been concluded that the optimum values of water 
depth are 0.56 m, 0.56 m and 0.42 m on the basis of thermal efficiency, exergy efficiency and productivity 
respectively. 

Keywords: Exergy, Efficiency, productivity, ETC, single slope solar still  

INTRODUCTION 

The design and study of single slope type solar energy operated system is the requirement of contemporary global 
environment as the conventional source of energy is depleting day by day; whereas renewable source of energy 
seems to exist for long and the use of renewable energy does not produce any negative effect on the surroundings 
as polluting elements are not present. The performance analysis of active solar still was first of all reported in 1983 
[1] and a lot of works on the performance analysis of active solar still has been reported singh then.  Issa and Chang 
[2] did experimentation on solar still of single slope type by incorporating evacuated tubes in mixed mode and it was 
concluded that the freshwater production of the reported system was 2.36 times more than the solar still of passive 
type because of the addition of extra heat to the basin in the case of active mode of operation. It was further reported 
that the life cycle conversion efficiency for solar still of single slope type included with evacuated tubular collector 
was higher that solar energy-based water purifier in passive mode due to higher exergy gain by system consisting of 
evacuated tubular collector as heat was added to the basin in the case of active mode. [3]. Singh and Tiwari [4] 
reported the development of typical equations for solar still of double slope type by incorporating evacuated tubular 
collectors. Further, Kumar et al. [5] ] reported the developed typical equations for solar still of single slope type 
included with compound parabolic concentrators integrated evacuated tubular collectors and it was concluded that 
the performance of solar still of single slope type included with compound parabolic concentrators integrated 
evacuated tubular collectors was better than solar still of single slope type included with evacuated tubular collectors 
because of the enhancement in  heat collection region. From the extant research, it is clear that the effect of 
dissimilarity of water depth on the performance of solar still of single slope type included with evacuated tubular 
collectors has not been reported. Hence, this works reveals the effect of dissimilarity of water depth on the 
performance of solar still of single slope type included with evacuated tubular collectors.  

SETUP EXPLANATION  

A schematic view of solar still (single slope) having evacuated tubular collectors is shown in fig. 1. The solar still and 
evacuated tubular collectors are integrated in such a way that the water flows between them in forced mode. The 
heated water from collectors goes to the bottom of the still using pipes. The beauty of the setup is to receive heat in 
two ways: one from the single slope glass of solar still and the second through evacuated tubular collectors. The 
principle of producing clean energy is that solar still gets radiation at the top glass. Further, radiation is absorbed to 
the solar still basin through water, and due to increased basin temperature; heat is transferred to water due to 
convection. Also, some of the heat given to solar still basin water from evacuated tubular collectors. The evacuated 
tubular collector contains vacuum in annular space between two glass tubes which prevents heat loss by convesction. 
Finally, heated water transfers the heat to glass with the help of convective, radiative, and evaporative heat transfer 
coefficients. Due to heat, water gets evaporate and condense on the glass due to cooling. The condensed water 
glide through the inclined glass and collect in a freshwater tank. Fundamental equations have been presented as 
Table1. 
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Fig. 1. Schematic view of solar still (single slope) having evacuated tubular collectors in series 

  

Table 1. Mathematical equations 

Parameters Expression Remarks 

�̇�𝑢𝑁 �̇�𝑢𝑁 = 
(1−𝐾𝑘

𝑁)

(1−𝐾𝑘)
(𝐴 𝐹𝑅(𝛼𝜏))1𝐼(𝑡) +

(1−𝐾𝑘
𝑁)

(1−𝐾𝑘)
(𝐴 𝐹𝑅𝑈𝐿)1( 𝑇𝑓𝑖 − 𝑇𝑎)  

Mishra et al. [6] 

𝑇𝑓𝑜𝑁 𝑇𝑓𝑜𝑁 = 
(𝐴 𝐹𝑅(𝛼𝜏))1

�̇�𝑓𝐶𝑓

(1−𝐾𝑘
𝑁)

(1−𝐾𝑘)
𝐼(𝑡) +

(𝐴 𝐹𝑅𝑈𝐿)1

�̇�𝑓𝐶𝑓

(1−𝐾𝑘
𝑁)

(1−𝐾𝑘)
𝑇𝑎 + 𝐾𝑘

𝑁𝑇𝑓𝑖  
Mishra et al. [6] 

𝑇𝑤 𝑇𝑤 =
𝑓̅(𝑡)

𝑎
(1 − 𝑒−𝑎𝑡) + 𝑇𝑤0𝑒

−𝑎𝑡  Singh et al. [7] 

𝑇𝑔𝑖 𝑇𝑔𝑖  =   
𝛼𝑔

′ 𝐼𝑠(𝑡)𝐴𝑔+ℎ1𝑤𝑇𝑤𝐴𝑏+𝑈𝑐𝑔𝑎𝑇𝑎𝐴𝑔

𝑈𝑐𝑔𝑎𝐴𝑔+ℎ1𝑤𝐴𝑏
  

Singh et al. [7] 

�̇�𝑒𝑤 �̇�𝑒𝑤 =
ℎ𝑒𝑤𝑔𝐴𝑏(𝑇𝑤−𝑇𝑔𝑖)

𝐿′
× 3600   Singh et al. [7] 

�̇�𝑥(𝑡) �̇�𝑥(𝑡) = 𝐴𝑏 × ℎ𝑒𝑤𝑔 × [(𝑇𝑤 − 𝑇𝑔𝑖) − (𝑇𝑎 + 273) × 𝑙𝑛
(𝑇𝑤+273)

(𝑇𝑔𝑖+273)
]   Nag [8] 

�̇�𝑥𝑐(𝑡) �̇�𝑥𝑐(𝑡) = �̇�𝑓 × 𝐶f × [(𝑇𝑓𝑜𝑁 − 𝑇𝑓𝑖) − (𝑇𝑎 + 273) × 𝑙𝑛
(𝑇foN+273)

(𝑇𝑓𝑖+273)
]  Nag [8] 

𝜂𝑑𝑎𝑖𝑙𝑦,𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝜂𝑑𝑎𝑖𝑙𝑦,𝑡ℎ𝑒𝑟𝑚𝑎𝑙 =
∑ �̇�𝑒𝑤×𝐿24

𝑡=1

∑ [Q̇uN(t)+𝐴𝑏×𝐼𝑠(t)+
Pu
0.38

]×360024
𝑡=1

× 100  Singh and 
Tiwari[9] 

𝜂𝑑𝑎𝑖𝑙𝑦,𝑒𝑥𝑒𝑟𝑔𝑦 𝜂𝑑𝑎𝑖𝑙𝑦,𝑒𝑥𝑒𝑟𝑔𝑦  =
∑ [�̇�𝑥𝑜𝑢𝑡,𝑠(𝑡)]

24
𝑡=1

∑ [Ėxc(t)+0.933×(𝐴𝑏×𝐼𝑆(t))+Pu]24
𝑡=1

× 100  
Singh and 
Tiwari[9] 

𝐷𝑎𝑖𝑙𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐷𝑎𝑖𝑙𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
[𝐷𝑎𝑖𝑙𝑦 𝑦𝑖𝑒𝑙𝑑×(SP)w ]

 𝐷𝑎𝑖𝑙𝑦 𝑐𝑜𝑠𝑡+(𝐷𝑎𝑖𝑙𝑦 𝑝𝑢𝑚𝑝 𝑤𝑜𝑟𝑘×(𝑆𝑃)𝑒)
× 100  Singh and 

Tiwari[9] 

All unknown terms in equation can be seen in the reference provide. All relevant equations have been fed to the 
computer code in MATLAB-2015a. Data have been taken from Indian Meteorological Department, Pune, India. The 
output obtained from the system has been analysed and average daily thermal efficiency, average daily exergy 
efficiency and average daily productivity have been estimated for different values of water depth. The average values 
are based on the output obtained for January (winter) and June (summer). The selling price of water has been taken 
as Rs 5 per kg. The daily cost has been estimated by dividing uniform end of year annual cost by number of days in 
a year. 

CONCLUSIONS 

The following conclusions can be drawn, 
• The average daily thermal and exergy efficiencies first rise and then become almost constant beyond 0.56 m.   
• The average daily productivity first increases till 0.42 m and then decreases beyond 0.42 m. The optimum value 
of average productivity is found corresponding to 0.42 m water depth. 
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NOMENCLATURE 

�̇�𝑢𝑁: Heat gain of collectors (kWh) 
𝑇𝑤: Temperature of water (°C) 
𝑇𝑤: Internal convective HTC (W/m2°C) 
𝑇𝑔𝑖: Temperature at the inner surface of condensing cover (°C) 

𝑇𝑎 : Temperature of surrounding/ambient (°C) 

𝑇𝑓𝑜𝑁: Temperature at the end of Nth collector (°C) 

𝑇𝑓𝑖 : Tempearture at the end of 1st collector (°C) 

�̇�𝑒𝑤: Hourly fresh water yielding (kg/h) 

�̇�𝑥(𝑡): Hourly exergy obtained from the system (kWh) 

�̇�𝑥𝑐(𝑡): Hourly exergy obtained from series connected collectors (kWh) 
𝜂 : Efficiency (%) 

ℎ𝑒𝑤𝑔 Evaporative heat transfer coefficient between water surface and inner surafce of condensing cover (W/m2-K) 

𝐴𝑏 : Area of basin (m2) 

𝑆𝑃𝑤 : Selling price of water (Rs/kg) 
Pu : Pump work 
𝐼𝑆(t) : Solar intensity for solar still (W/m2) 

I(t) : Solar intensity for collector (W/m2) 
t: Time (s) 
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ABSTRACT  

In this research work, a comparative analysis of various designs of solar energy-based water purification systems as 
single basin single slope passive (SBSSP), single basin double slope passive (SBDSP), and single basin double 
slope active solar still under natural mode (SBDSAN)] was performed by conducting experiments on these systems 
at various water depths throughout the year. Double slope active solar energy-based system yields nearly 50% more 
than the double slope passive solar energy-based system in the natural mode, whereas single slope passive water 
purification system yields more (259.5 kg/m2) than double slope passive system (232.3 kg/m2). The exergy efficiency 
of double slope active solar energy-based system is higher than the exergy efficiency of double slope passive solar 
energy-based system whereas vice versa is the case of energy efficiency. The thermal model of double-slope solar 
based in this paper has also checked with the help of derived equations. There is closer agreement between 
experimental and theoretical data for internal and external cover temperatures, water temperatures and distillates 
yield output of fresh water. 

Keywords: Single slope, Double slope; Thermal modeling; Energy; Exergy 

INTRODUCTION 

Researchers are working diligently to solve the drinkable water issue, which is critical for humanity's survival. There 
is a drinking water crisis in many countries. Various methods for producing clean water are now being tried by 
scientists. Solar energy-based water purification systems could be proven to be one of best solutions to solve the 
water problem in society due to its simple technology and without the use of electrical power. Several scientists have 
shown that the passive solar energy best water purify system is a slow water purification technique. The daily yield 
is improved by plastic condensing coverings, solar energy-based water purify system with parabolic concentrator, 
evacuated tube collector, and flat plate collectors. Usage of flat plat collector is the most common choice because of 
low maintenance costs and simple nature to increase the productivity of solar energy-based water purifying system. 
Flat plate collector provides the basin water with extra heat capacity, and hence the water temperature rises further 
relative to passive solar water purifying system. A Swedish engineer Wilson has been credited to design first solar 
still, to produce potable water in Chile. Malik et al. [1] reported passive solar energy-based water purifying system. 
Tiwari [2] checked later the research performed on passive and active solar energy-based water purifying system 
until 1992. Eduardo Rubio et al. [3] proposed a different mathematical model to examine the results of a passive 
solar energy based double-slope. Sandeep et al. [4] have still studied the thermal efficiency of the updated active 
solar basin type. The current research intended to assess the annual yield of various designs of solar energy-based 
water purifying systems, as well as the analysis of energy and exergy, and the validation of the thermal model with 
annual experimental data obtained through outdoor experiments. 

DESCRIPTION OF EXPERIMENTAL SETUP 

The single basin single slope passive solar system (SBSSP), single basin double slope passive solar system 
(SBDSP) and single basin double slope passive solar system (SBDSAN) under natural mode (SBDSAN) were 
planned to assess the efficiency of different designs of solar energy-based water purification systems according to 
the descriptions given in Table 1. In Figure 1, 2 and 3 respectively, photos of three types of systems were given. 
There is basin area of solar stills of 1 & 2 m2, both in single and double slope respectively. In order to make a body 
of solar silks, the glass reinforced plastic (GRP) was used. The thickness of glass condensing cover is 4 mm to 
prevent it from breakage in normal conditions and is inclined at 150 for both active and passive solar energy-based 
water purifying system. To get maximum solar radiation, the bottom surface had been painted black. The entire 
structure was installed as seen on iron platform in the Figs. 1, 2 and 3. Experiments on passive solar stills were 
conducted in the campus of IIT Delhi whereas an experiment on active system was done in Ghaziabad, UP, India.  
All experimental measurements were taken on an hourly basis from morning in a day to morning next day for 
continuous 24 hours. 
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Table 1: Dimensions of the various designs of solar still 

Parameters SBSSP SBDSP SBDSAN 

Basin area 1.0 m2 2.0 m2 2.0 m2 

Basin height 0.19 m (sides) 0.22 m (sides) 0.22 m (sides) 

0.47 m (sides) 0.48 m (center) 0.48 m (center) 

 Condensing cover area 1.03x1.06 m2 1.03x1.06 m2 1.03x1.06 m2 

Condensing cover thickness 0.004 m 0.004 m 0.004 m 

Condensing cover angle 15o 15o 15o 

Insulation thickness 0.006 m 0.006 m 0.006 m 

Number of FPC 0 0 1 

FPC Area 0 0 2.0 m2 

   

 
  

Fig. 1. Single Slope Passive  
Solar Energy Based System 

Fig.2. Double Slope Passive  
Solar Energy Based System 

Fig. 3. Double slope active 
Solar Energy Based System in 

natural mode 

FORMULAE USED 

(a) The daily yield was determined by summing the per day (24 hours) hourly yield: 
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Exergy efficiency of solar energy-based system is also calculated as: 

)(

)(

in

evap

EX

xEstillsolartoInputExergy

xEstillsolarofOutputExergy
•

•

=                                                          (4) 

Passive solar energy-based exergy input ( inxE
•

) determined as: 

The passive solar energy-based system ( inxE
•

) exergy input is given in the following equation (5). 

inxE
•

= 























 +
+









 +
−=

•
4

273

3

1273

3

4
1)(

s

a

s

a
ssun

T

T

T

T
tIAxE                              (5) 

The exergy input of active solar energy-based system remains the sum of exergy input to solar still and exergy input 
to flat plate collector and is represented by Equation 6. 
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The exergy output of a solar energy-based system can be expressed as follows: 
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CONCLUSIONS 

The study draws the following conclusions: 
i. The daily yield of an SBDSP was found to be 1.838 kg/m2 for a day in the month, while the daily yield of an 

SBDSAN was found to be 2.791 kg/m2. 
ii. In comparison to the SBDSP, the SBDSAM yields 1.5 times more.  
iii. SBDSAN's thermal efficiency is lower than SBDSP's thermal efficiency. SBDSAN, on the other hand, 

exceeds SBDSP in terms of exergy efficiency. 
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ABSTRACT 

The maritime transport sector, which has taken important measures in recent years in the fight against climate change 
and global warming, is greatly affected by regional and global economic developments. In 2019, the economic 
stagnation caused by the regional events, especially the US-China economic tension and the Brexit crisis in Europe, 
had an impact throughout the world. The covid-19 pandemic, which emerged in China at the end of 2019 and was 
effective worldwide in the first quarter of 2020, caused the world economy and maritime transport to contract by 4.1% 
in 2020. In this study, it is planned to analyze possible situations by modeling this situation that has suddenly emerged 
via decision support tools. In this context, energy and environmental analysis of a chemical tanker ship was carried out 
with the Reference Energy System (RES) concept between 2017 and 2030 via The Low Emission Analysis Platform 
(LEAP). 

Keywords: Reference Energy System, Energy Analysis, Energy Modelling, LEAP, Greenhouse Gas Emissions  

 
INTRODUCTION 

Transport, especially maritime transport, is a sector that is greatly affected by the developments in the world economy 
and trade [1]. In 2019, the trade war between the USA and China, and regional crises such as the Strait of Hormuz 
and Brexit, etc., caused a great recession in the world economy [2]. The Covid-19 epidemic, which emerged in China 
in December 2019 and was described as a global pandemic by the World Health Organization (WHO) on March 11, 
2020, continues to be effective worldwide in 2021 [3]. The Covid-19 crisis, which is considered to have effects beyond 
the great social and economic crises that have taken place in world histories such as the Great Depression and the 
2008 Financial Crisis, is undoubtedly the main parameter that should be considered in all development policies [4]. 

The pandemic process has brought maritime transport to the forefront with its critical role in ensuring the continuity 
of global trade and supply in the crisis phase and the following period [2]. This has been demonstrated by the 
recommendations of many international organizations around the world to protect port workers and sailors, but to 
keep ports open for ships and related operations [5]. According to UNCTAD (2020), unfavorable economic conditions 
strengthened by the pandemic in 2020 caused a 4.1% decrease in international maritime trade [2]. In 2019 followed 
by 2020, a year in which the growth momentum slowed down, severe pressure on international shipping continued.  

Although the development of the vaccine and the start of the vaccine process is promising, it is clear that the 
pandemic has not yet come to an end. With globalization, the economies of countries that are more dependent on 
each other make total normalization more difficult. The timing and scale of the recovery are difficult to predict, as 
many factors can significantly influence the outlook for world trade and the shipping that makes it possible. UNCTAD 
forecasts (UNCTAD, 2020:24) indicate that maritime trade will recover with a growth of 4.8% in 2021 [2]. 

 
MATERIALS AND METHODS 

In this study, energy and environmental analyzes are made by modeling a chemical tanker ship with the Reference 
Energy System (RES) concept and the Decision Support Tool.  LEAP (The Low Emission Analysis Platform), developed 
by the Stockholm Environment Institute and used by many governments, universities, academies and international 
organizations around the world, is used as a decision support tool [6]. 
 
In the analyzes made, 2017 data of the Diamond-T chemical tanker ship belonging to Transal Denizcilik company are 
used. After entering the 2017 values determined as the reference year, 3 different scenarios were developed and energy 
and environmental analyzes were made. In the first scenario, Business-as-Usual (BAU) scenario values were taken 
into consideration and analyzes were made assuming that the demand for the maritime sector would increase by 3 
percent as of 2018, in line with UNCTAD data [7]. 
 
In the last scenario, while the demand for the maritime sector increases by 3% every year, analyzes were made to 
reduce the greenhouse gas emissions from a chemical tanker ship by 55% in 2030. 
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CONCLUSIONS 

In the analyzes made, it has been determined that the amount of greenhouse gas emissions originating from a chemical 
tanker ship in the BAU scenario will be 874,795 thousand metric tons of CO2 in total until 2030. According to the results 
of the BAU scenario, it is seen that the total amount of greenhouse gas emissions to be emitted in 2030 will be 73,420 
thousand metric tons of CO2. It has been observed that the total amount of greenhouse gas emissions to be emitted 
from a chemical tanker ship until 2030 due to the covid-19 effect evaluated in the second scenario and the contraction 
experienced in economic and maritime transport is 809,508 thousand metric tons of CO2 equivalent. It has been 
determined that the shrinkage experienced in the maritime sector due to the economic recession and pandemic effect 
prevents the emission of greenhouse gas emissions for approximately 1 year. 
 
In the last scenario, greenhouse gas emissions from a chemical tanker ship until 2030 were analyzed in line with the 
targets of reducing greenhouse gas emissions from the maritime sector determined by IMO (International Maritime 
Organization) and EU (Europen Union). In order to achieve these goals, by 2030; It is clearly seen that there is a need 
for a coordinated study in which all actors of the maritime industry will take part, such as the development of alternative 
fuel technologies, the introduction of scrubber, etc. filtering systems, operational improvements, innovations and 
improvements in the shipbuilding phase. 
 
REFERENCES  

[1] Thomas T.A. and Atkins W.A. Transportation [Internet]. Water Encyclopedia; 2010. Available from: 
http://www.waterencyclopedia.com/St-Ts/Transportation.html. [Erişildi: 30 03 2021]. 

[2] United Nations Conference on Trade and Development (UNCTAD). Review of Maritime Transport 2020. United Nations 
Publications. Geneva; 2020. 

[3] Dinçer I. Covid‐19 coronavirus: closing carbon age, but opening hydrogen age. International Journal of Energy Research; 44 
(8); p. 6093; 2020. 

[4] McAleer M. Wang Y-A.  Chang C-L. Herding behavior in energy stock markets during the Global Financial Crisis, SARS, and 
ongoing COVID-19.Renewable and Sustainable Energy Reviews;134; p. 110349; 2020.  

[5] Stannard S. COVID-19 in the maritime setting: The challenges, regulations and the international response. International 
Maritime Health; 71 (2); pp. 85-90; 2020. 

[6] Heaps C. LEAP: The Low Emissions Analysis Platform. [Software version: 2020.1.33]. Stockholm Environment Institute. 
Somerville; MA; USA.; 2021. [Internet]. Available from: https://leap.sei.org. 

[7] United Nations Conference on Trade and Development (UNCTAD). Review of Maritime Transport 2018. United Nations 
Publications. Geneva; 2018. 

  

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

200



 

Submission ID: 77 
 

TECHNO-ECONOMIC ANALYSIS OF ONSHORE/ OFFSHORE WIND POWER PLANTS 

 

1* Soner Çelikdemir, 2 Mahmut Temel Özdemir 
1Bitlis Eren University, Adilcevaz Vocational School, Electric and Energy, Bitlis, 13000, Turkey 

2Firat University, Engineering Faculty, Electrical and Electronics Engineering, Elazig, 23000, Turkey  

 
*Corresponding author e-mail: scelikdemir@beu.edu.tr 

 

ABSTRACT 

In this study, an equation model is proposed for the first time to estimate the costs of wind power plants (WPP) by 
analyzing the investment costs of WPP in Turkey.  In addition, a case preliminary study is carried out in Adilcevaz 
region with the proposed equation model. The costs of the wind energy farm to be established in the designated area 
are calculated for different turbine models and the appropriate turbine model is selected. In addition, an equation 
model has been developed for the estimation of the costs of offshore wind power plants (WPP) by analyzing the 
investment costs of the existing offshore WPP in the literature. For the equation model, unlike the literature, distance 
from the shore and depth parameters are also added. By analyzing the sensitivity of the models, cost changes in 
different parameter values are expressed. In addition, in the study, a preliminary case study is carried out for different 
zones in the Bozcaada zone with the proposed offshore equation model. The costs for the different turbine models 
of the wind energy farm to be established in the determined zone has been calculated and the appropriate zone 
selection has been made. 

Keywords: Onshore and Offshore Wind Energy Potential, Techno Economic Cost Analysis, Sensitivity Analysis 

INTRODUCTION 

The primary type of energy source in which electrical energy is produced has gained importance today and has 
become a choice for consumers. This case increases the importance of renewable energy sources (RES) with little 
environmental impact. Among RESs, WPP has a large share [1]. Turkey; It has significant potential due to its 
geographical location, pressure centers under its influence, the fact that its three sides are surrounded by seas and 
the ground shapes [1–3]. Cost information is important for assessing the potential of a region and converting it into 
an investment. Of this importance, techno-economic cost analysis is a topic addressed by researchers [4–6]. Cost 
analyzes have been performed for offshore WPPs and equation models have been proposed [3–5]. However, all of 
the studies carried out cover offshore WPPs. There is no study in the literature where cost analyses are carried out 
for onshore wind power plants. This situation is seen as a deficiency. The main motivation of this study is to eliminate 
this gap in the literature. In the first phase of the study, data belonging to 15 WPP in Turkey, which has not been 
used before in the literature, are used. In the second phase, the resulting equation model is tested using RESs with 
different parameter values whose data has not been used before. Thus, the proposed equation model is shown to 
have general validity. At the other stage, sensitivity analysis is performed to examine the changes of the proposed 
equation model depending on parameter values. In this way, the effect of parameters is seen on the proposed 
equation model. In the final stage, a case study is carried out for Adilcevaz region using the proposed equation model. 
Similarly, cost analyzes have been made for offshore WPPs and equation models have been proposed [3,6]. 
However, studies have been conducted using limited data in the literature. Therefore, the proposed equation models 
do not have general validity. This situation is seen as a deficiency. The main motivation of this study is to eliminate 
this gap in the literature. In the first stage of the study, the offshore RES data pool available in the literature has been 
created. For the proposed equation coefficients of the cost analysis, the Archimedes Optimization Algorithm (AOA) 
available in the literature has been preferred. In this preference, convergence rate and performance criteria has been 
effective in problem solving. Thus, it has been shown that the proposed equation model is more comprehensive. In 
the second stage, in addition to the literature, depth and distance from shore parameters are added for equation 
development. At the other stage, sensitivity analysis was performed to examine the changes of the proposed equation 
model depending on parameter values. In this way, the effect of parameters is seen on the proposed equation model. 
In the final stage, a case study has been carried out for different zones in bozcaada zone using the proposed equation 
model. 

EQUATION MODEL DEVELOPMENT 

There are different equation correlations in the literature. Studies have been conducted using limited number of data 
for equation correlation. The power expression of a wind power plant depends on the rotor blade diameter, the wind 
speed and therefore the hub height. These expressions are also considered as parameters affecting the cost of 
WPPs. In light of this information, the proposed equation model for onshore WPP cost is given in Eq. 1. In this study, 
in addition to the equation model available in the literature, depth expressions and distance to shore are also added. 
In the light of this information, the proposed equation model for the offshore WPP cost is given in Eq. 2. 

Cost = a.Pb + c.Hd + e.Rf + g  (1) 
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Cost = a.Pb + c.Hd + e.Rf + g.Dh + i.Xj + k (2) 

In Eq. 1 and Eq. 2, “a and b” are the constant coefficients of the P (KW) power expression, “c and d” are the constant 
coefficients of the H (m) hub height, “e and f” are the constant coefficients of the R (m) rotor diameter expression, “g 
and h” are constant coefficients of D (km) distance to shore, “i and j” are constant coefficients of X (m) depth 
expression. Onshore parameter values are given in the first row of Tab. 1. Offshore parameter values are given in 
the second row of Tab. 1. 

Table 2. Parameter Values 
A B C D E F G H I J K 

0,13847 1,37984 0,04267 0,21425 0,17448 0,08659 1,39859 - - - - 

6,28682 0,74735 0,14702 1,34074 1,72841 0,71273 0,48269 1,22683 1,54236 0,39714 -148,032 
 

EQUATION VALIDATION 

The proposed equation parameters are calculated by referencing onshore WPPs with uniform rotor diameter and 
hub height. However, today some wind energy farms have different hub height and rotor diameter values. This case 
affects the cost value. The proposed equation model is applied to onshore WPPs with different parameters. In this 
case, values close to the error rates in the proposed equation model are obtained. The maximum percent error value 
is calculated as -10.8234%, the average error is 6.7683% and the standard deviation value is 6.8693. 

SENSITIVITY ANALYSIS 

Sensitivity analysis is carried out to see the effects of the parameters in the proposed equation model on the cost. 
The parameters in the equation model for sensitivity analysis are examined respectively. The results of the sensitivity 
analysis analysis study for onshore wind farms are given in Figure 1. For offshore wind farms, the results of the 
sensitivity analysis study are given in Figure 2. In this way, the effect of the parameters on the cost can be clearly 
seen. 
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Figure 8. Sensitivity Analysis for Onshore Wind Power Plants  

 

 

 
 

Figure 9. Sensitivity Analysis for Offshore Wind Power Plants 
CASE STUDY 

In this section, the cost of a wind energy farm to be established in Adilcevaz region has been estimated. In the study, 
14 wind turbine models belonging to different brands are examined. According to the data obtained, the most suitable 
model for the wind farm to be established in the region will be Nordex N117-3/3 with the lowest unit energy cost and 
the worst model Enercon E82-2.3/1 with the highest unit energy cost. In addition, as the hub height increases, the 
average wind speed value, scale parameter, capacity factor and power density values increase. The actual runtime 
and the amount of energy produced vary according to the characteristics of the wind turbine. The unit energy cost is 
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calculated by the ratio of wind power plant cost to the amount of energy produced. The case study results are given 
in Tab. 2. 

Table 3. Case Study Results 

Turbine 
Average Wind 
Speed (m/s) 

Power Density 
(W/m2) 

Actual Operation 
(%) 

E (kWh) Cost (M$) COE ($/Wh) 

Nordex N117-3/3 5.590438059 354.4550629 0.823636778 5409317 33.23136592 0.00614336 

Enercon E82-2.3/1 4.659090909 197.1275828 0.732032854 2005540 32.86892498 0.01638906 

 
Offshore wind energy potentials were determined using 6 different measurement station data in Bozcaada and 
Gökçeada zone on the Aegean coast. The study results for these zones are given in Tab. 3. Taking into account the 
distance of these zones to the shore and depth data, the most suitable model selection has been made for the wind 
energy farm to be established in the zone with high energy potential. In the study, 8 wind turbine models belonging 
to different brands are examined. 
 

Table 4. Case Study Results 
Zone Average Wind Speed (m/s) Power Density (W/m2) Actual Operation (%) Cost (M$) COE ($/Wh) 

1 4.513208 114.5036 0.616473 300.8802 0.050064 

2 8.866467 1106.692 0.530345 302.0739 0.009678 

3 7.777126 833.3565 0.778462 298.4601 0.012879 

4 8.525389 1013.357 0.611567 376.8492 0.012908 

5 5.944288 367.2117 0.536048 306.1251 0.021193 

6 6.736872 545.4119 0.514716 311.7892 0.017305 

 

CONCLUSIONS 

With the equation model proposed for the first time, percentage error rates were calculated below 17.87%. In addition, 
the average error is calculated as 6.3674% and the standard deviation value as 7.9112. The proposed onshore 
equation model has been tested with 9 WPP data with different power, rotor diameter and hub height. In this case, 
percentage error rates are calculated below 10.8234%. In addition, the average error is calculated as 6.7683% and 
the standard deviation value as 6.8693. According to the results obtained, the cost is estimated with high accuracy. 
This indicates the effectiveness of the proposed equation model. In addition, the change effects of the parameters in 
the proposed equation model are examined in the study and it is observed that the effect of system power in the 
equation is much greater. In the case study conducted for the Adilcevaz region, calculations are made for different 
turbine models. According to these calculations, the most suitable turbine model selection is found to be Nordex 
N117-3/3 with the lowest unit energy cost value. With this study, a cost equation is proposed for the first time for 
onshore WPPs and contribute to the calculation of cost equation parameters using AOA. A new cost equation model 
has been proposed for offshore and percentage error rates have been calculated below 6.96%. In addition, the 
average error has been calculated as 2.12335 %. In the case study conducted for Bozcaada zone, calculations have 
been made using different turbine models for different zones. According to these calculations, the most suitable zone 
is the 2nd zone, which is indicated as the northern zone of Bozcaada. In addition, SWT-7.0-154 with the lowest unit 
energy cost value has been found as the most suitable turbine model. With this study, a new cost model for offshore 
wind power plants has been developed and contributed to the literature. In addition, this developed equation model 
has been used in a case study. 
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ABSTRACT  

This paper bestows the adaptive control technique for grid-interfaced double stage solar photovoltaic (SPV) system. 
In the first stage, system includes DC-DC boost converter, the duty ratio of boost converter is regulated by maximum 
power point tracker (MPPT) system. A fuzzy logic based MPPT controller is incorporated for maximum power 
extraction from SPV system. However, in second stage, 3-leg voltage source converter (VSC) is connected with SPV 
array via DC link capacitor. Proposed fuzzy logic based adaptive control scheme is designed to generate reference 
currents. Moreover, the generated reference currents and sensed AC grid current is utilized to provide switching 
pulses to VSC. The proposed system exhibits for multifunctional applications such as, power quality enrichment, 
balancing of load, reactive power compensation, voltage regulation etc. A rule based fuzzy logic controller is utilized 
for maintaining DC link voltage. The PV feed-forward technique is incorporated in proposed controller for dynamic 
performance enhancement. The above-mentioned work is simulated in MATLAB/Simulink environment for power 
quality enrichment. 
 
Keywords: Fuzzy logic, Harmonics, SPV array, MPPT, Adaptive control. 
 
INTRODUCTION 

There is an increasing emission of greenhouse gases become substantial issue globally to choose dispersed energy 
sources. Therefore, the emphasis on the clean energy generating units increased in the distribution end significantly.    
The smaller size generating units such as solar photovoltaic is the emerging sources chosen because of abundance 
availability and generation of clean energy. Solar arrays require large area as well as considerable investments, they 
can be utilized by installing rooftop photovoltaic systems in apartments, commercial buildings, etc. [1], [2]. Moreover, 
solar photovoltaic generating system widely used in grid integrated mode. For grid integration mode single and double 
stage configured topology of SPV system are reported in many literatures [3],[4]. The performance comparative 
analysis between single and double stage topology has been incorporated in literature [5]. The maximum active 
power from SPV array can be extracted by maximum power point tracker (MPPT). The accurate tracking of maximum 
power from SPV system is itself a very tedious task. Various important points are to be kept in mind while selections 
of MPPT such as accuracy, reliability, structure, speed of convergence and cost. Therefore, several MPPT algorithms 
such as P&O, fuzzy logic control, ANN, current sweep, RCC, array reconfiguration, BFV, LRCM, sliding mode control, 
etc, have been reported in literature [6].  
 
In recent times researchers are showing more interest in (SOGI) Second order generalized integrator and (DSOGI) 
damped second order generalized integrator [25], [26]. The SOGI control scheme has inferior DC offset rejection 
capability and poor dynamic response deteriorated under nonlinear load conditions. However, SOGI scheme is 
designed by incorporating orthogonal signal generator (OSG) for estimation of input signal. In the DSOGI control 
scheme a damping factor is incorporated to damping out the oscillation, which possess better convergence rate and 
good frequency response compared to SOGI algorithm. The fuzzy logic rule-based control algorithm is reported in 
the literature [27] for grid integrated solar PV system on PWM signals generation for the inverter.  
 
MATERIALS AND METHODS  

The following attributes of the proposed work are summarized here. 

1. The proposed fuzzy logic-based scheme is better harmonic filtering capability under variable system 
frequency. 

2. The system shows better performance for load balancing with variable irradiance and under load 
unbalancing.  

3. An error between DC link voltages is computed through rule based fuzzy logic controller which eliminates 
the dependency on PI controller. 

4. The proposed controller is independent from the trigonometric function for fundamental component of load 
current extraction. Therefore, this control scheme possesses better dynamic response compared to the 
conventional controllers.  
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5. The proposed controller showing excellent dynamic characteristics during the transition from SPV system to 
DSTATCOM and vise-versa.  

 

The Proposed System Layout And control technique algorithm Is shown in Figure1 and Figure 2 
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Figure 2. 

CONCLUSIONS 

A three-phase grid interfaced, double stage solar photovoltaic system (SPV) has been implemented and controlled 
using fuzzy based adaptive control scheme. This scheme has been effectively used to extraction of reference currents 
and providing gating pulses for VSC. The performance of control scheme for SPV system has been found satisfactory 
under the linear/nonlinear loads as well as in load unbalancing conditions under varying system frequency.  The 
mentioned system along with fuzzy logic based adaptive control scheme has shown better performance in power quality 
enhancement. The effectiveness of feed-forward component has been presented for dynamic performance 
improvement. Rule based fuzzy logic controller is incorporated accurately with adaptive control scheme for converter 
loss component estimation. The complete system was incorporated in MATLAB/Simulink environment for power quality 
enrichments. 
            . 
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ABSTRACT 

Cryptocurrency mining is profitable investment with ever-increasing energy demand. Renewables pose advantage to 
miners. Besides, mining income covers renewable power plant costs as well as providing further finance. Mining 
hardwares produce excessive heat during processing. State-of-art systems utilizing excessive mining heat into energy 
and for heating households, drying or greenhouse crops along with renewable energy supply are investigated. Unique 
token economy finance based on finding, using and founding of energy solutions is covered. Further novel proposal of 
excessive mining heat use cases for saline water treatment is proposed in this study. 

Keywords: Blockchain, Cryptocurrency, Climate Change, Green-Mining, Renewable Energy 

 
INTRODUCTION 

Among blockchain consensus mechanisms, proof-of-work (PoW) requires computational power, also known as 
mining. Greener and cheaper energy supply of mining has become fundamental features of cryptocurrency mining. 
While renewable empowered mining ratio is generally stated as 76%, revised estimations lead that this ratio is 
actually 39%. According to Digiconomist’s and Cambridge’s surveys in the pool of 280 major crypto companies in 59 
countries, the distributions of renewable sourced mining are 62%, 17%, 15% and 6% for hydropower, wind, solar and 
geothermal, respectively. Additionally, fossil fuel sourced electricity distribution used by miners are 38%  for coal, 
36% for natural gas and rest for other resources. River sourced hydropower plants are preferred for small-scale 
mining facilities due to stable energy feed stem from snows instead of rainfall. Weather dependency of hydropower 
plants shifts miners to coal fuelled stable energy feed [1], [2]. Although miners are tend to use stable and cheaper 
energy, renewable power plant investors prefer to embed mining facility to cover investment costs and earn additional 
income [3]. Mining integration into renewable power plants drops the period of redemption from 5 to 1 year. There 
exists state-of-art researches and applications for green-mining. Malfuzi et al. and Rusovs et al. proposed renewable 
embedded mining plant designs.  Malfuzi’s novel green solution biogas fed solid oxide fuel cell is estimated as the 
least profitable but the greenest option [4]. State-of-art challenges extend the green perspective upon excess heat 
of mining hardwares. Studies of Nguyen and Hoang, and the products of Heatmine [5] and Qarnot [6] focuses on 
heating upon mining. Another state-of-art model to shift global renewable use cases and application of energy 
solutions is initiated by Steve Wozniak via Efforce. Efforce token with the symbol WOZX generated 1 Billion [7] and 
its WOZX economy is based on blockchain based energy projects and rewarding the peers upon energy solutions 
[8]. Finally, waste heat is further used to grow crops in green houses. State-of-art application in this case is that 
reneable empowered mining facility’s wate heat to be used to grow vegetables like tomatoes and strawberries. 
 
STATE-OF-ART SYSTEMS GENERATING AND HARVESTING HEAT FROM MINING  

A sophisticated study performed by Rusovs et al. on novel bio-generation plant with tri-generation station merged 
with mining equipments. Tri-generation station has three different energy output with one feeds mining and a loop to 
cool down both the plant and the waste-heat of mining by adsorption unit [9]. The latter protects ASICs and 
components from waste-heat related breakages. As a different perspective, inverse approach of heating from mining 
is also studied [10]. Hotmine and Qarnot are the leading brands for mining induced heaters on sale. Qarnot provide 
two solution products that both mines while one for heating homes and the other for heating domestic water. Their 
offer rewires heating with a profit that is more profitable than traditional or renewable alternatives. However, to heat 
100 m2-house, four units of Hotmine or five units of Qarnot are required [6], [11]. Meanwhile, the methodologies to 
exploit heat from mining are wide-ranging. In literature proposed heating systems containing mining rig as heat 
source are used to heat domestic houses, buildings, HVAC systems,  domestic hot water as well as facilities, schools, 
public water-based structures such as pools, spas, Turkish bath and similar [10], warehouses [5], churches, 
campuses, and most of all greenhouses [3], [5], [12]. Regarding methodologies to achieve these scenarios are listed 
as: Canadian well ventilation [12], floor heating upon mineral oil submersed mining processors of Bitmain, boiler 
heating  [13] and adsorption. Sophisticated state-of-art systems composed of air-to-water heat pump, connecting 
waste heat to exhaust air duct and then exhaust-air heat pump, delivering waste heat to compact unit. Last, for low 
heat demand buildings, compact unit connected to solar thermal panel integrated hydronic heating system [10]. 
Applications such as heat pump and Canadian well ventilation have chilled circulation output, which is returned back 
to cool the mining processors. Pilot scale tests are performed with two Antminer S9 mining rigs having monthly heat 
capacity of 2.3 MWh as well as heat pump having monthly power consumption of 78 kWh. Resultant hybrid system 
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managed to heat Hyrsylä Co-housing multi-family house that is renovated from primary school in Lohja, Finland while 
cooling mining rigs. In separate analysis, it is represented that the same hybrid system is capable to meet domestic 
hot water need of Hyrsylä.  

Finally, pioneer project for the state-of-art greenhouse application is ‘cryptomatoes’ by Brejcha. Mining facility is 
powered by bio-waste and use waste heat for greenhouses that resulted successful growth of tomatoes [3]. Heatmine 
on the other hand, supply 75% of heating of Canadian strawberries from mining [5]. UnitedCorp's unique hybrid 
Blockchain Dome Heat Station system heats greenhouses stabile at 20oC regardless of the seasons [12]. 
 
CONCLUSIONS 

As crypto-mining become more profitable, state-of-art projects to harvest or reuse excess heat also peaks. Moreover, 
advantages of renewable integration not only profit miners. Mining integration into renewable power plants is also 
profitable for the investors since costs are covered withing a year and further supply income afterwards. Heating 
upon mining is found that sufficient to heat households even in coldest regions such as Finland and Siberia [14]. 
Alternative use cases for hot seasons cover dryers, drying moist buildings to prevent mold, and other facilities that 
require heat like pools and spas [10]. As a unique suggestion, mining waste heat is ideal for the desalination of sea 
water. Possible green mining loop for hot regions with lack of fresh water can be solar power plant fed mining [15] 
and using resultant mining and solar waste heat for desalination of sea water, followed by irrigation of crops. 
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ABSTRACT  

Fossil fuel reserves, which are the the main energy source in the transportation sector today, are being depleted very 
fast. In addition, they are the main source of carbon emissions as well. Researchers, therefore, are trying to exploit 
efficient energy resources and hydrogen is one of the best alternatives. However, usage of hydrogen depends heavily 
on infrastructures which is not well developed today. The lack of existing infrastructure has been identified as one of 
the main obstacles to developing hydrogen economy. This study addresses the design of Hydrogen Supply Chain 
(HSC) design problem of Turkey. The problem is modeled using a multi objective mixed integer programming (MIP) 
model and solved using the epsilon constraint method. The aim is to balance three objectives: (cost, carbon emission 
and safety risk). The results reveal that, it’s better to design a decentralized to develop a supply network that includes 
electrolysis production facilities to balance the cost, carbon emission and safety risk.  
 
Keywords: Hydrogen supply chain design, multi-objective optimization, Mixed integer linear programming  

 
INTRODUCTION 

The need for energy in the transportation sector, is increasing every day. With this growing need, existing energy 
resources such as oil will not be sufficient to meet the demand in the medium and long term. Also, the use of oil as a 
fuel causes carbon emissions (CO2), which is one of the main causes of global warming [1]. For this reason, the number 
of researches on alternative energy sources is increasing. One of these alternatives is hydrogen energy, which can be 
produced from various energy sources [2]. In order to deliver hydrogen energy, which has not yet become widespread, 
to the consumer, harmless to the environment, safely and cost-effectively a sustainable hydrogen supply chain network 
(HSC) must be established. HSC consists of four parts: (i) primary energy sources, (ii) production, (iii) storage and 
(iv) transportation. Figure 1 shows the link between these stages [2]. 

 

 

Figure 1. Hydrogen Supply Chain (Adopted from [2]) 

In this study, the design of HSC to meet the energy demand of transportation sector in Turkey in the future is addressed. 
The problem is modeled with a MIP model and in addition to cost minimization, minimization of risk and carbon 
emissions are also addresses in the proposed model. The epsilon constraint method is used to solve the multi-objective 
structure. The combination of multiple objectives and all parts of the HSC constitutes the motivation of this study. 

MATHEMATICAL MODEL, METHODS AND CASE STUDY 

Almansoori and Shah, with their seminal studies in 2006 has studied HSC of England. They formulate the problem 
using a MIP model with an objective of minimizing the average cost that consists of production, storage and 
transportation costs. In terms of duration, there are operating costs that incur on yearly basis and capital costs that 
incur once in a planning horizon. The region is divided into smaller sub-regions, called grids and the aim is to find the 
location and type of the production facilities and the flow of hydrogen from these facilities to the grids while minimizing 
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the cost [5]. This model is later extended to cover several different goals. Kim et al. [4], for example, added risk levels 
of production, storage and transportation and proposed a model that minimize the risk level of the total HSC. Later 
Almaraz et al [3] and Bique et al  [1] added CO2 emission minimization to the model as the third objective.  
 
In this study, the HSC model of Turkey studied in [2] is extended to cover three different objectives (cost, risk, CO2 
emission). The country is divided into 33 grids and the hydrogen demand of each grid in 2050 (the expected saturation 
period) is calculated. it is assumed that hydrogen vehicles will constitute 25% of the total vehicles in parallel with the 
literature ([1]). Four different optimization scenarios are created: (i) cost minimization, (ii) carbon emission 
minimization, (iii), risk minimization, and (iv) multi-objective. 
 
In scenario 1, it is observed that a total of 10 large-size steam methane reforming (SMR) facilities and six small-size 
electrolysis production facilities are opened in nine different grids. Long transport links are established between grids 
due to the small number of facilities. In scenario 2 and scenario 3, the model opens maximum number of small 
facilities since it minimizes transportation in and between grids and sets the lowest risk and CO2 emission. The 
establishment of 979 small-scale electrolysis plants in total shows that it is the best option for risk and carbon 
emission values. Therefore, it is seen that a local solution is obtained, in contrast to scenario 1. In scenario 4, using 
the epsilon constraint method, the cost is minimized while the CO2 emission and the risk levels are limited with 
additional constraints added to the model.). Thus, it was ensured that the other two objectives are kept at certain 
levels. These levels are found to be 578.10 thousand tons/day for carbon emissions and 1,323 units for risk. The 
results reveal 83 small scale, 19 medium scale and 2 large scale electrolysis production facilities and 5 large scale 
SMR manufacturing facility in 17 different cities. While the last scenario offers a more centralized network design 
than the solutions of the risk and carbon scenarios, it offers a more localized network design than the solution of the 
cost scenario. The results obtained for all scenarios are shown in Table 1. The solution with an increase of 60% from 
the best cost value, 15% from the best carbon emission value and 3% from the best risk value was chosen as the 
most balanced multi-purpose optimization solution. 

Table 1. Solutions of Scenarios 

Scenario \ Objective 
Cost 

(M$/day) 

Carbon Emission 
(Thousand 
tons/day) 

Risk 
(unit) 

Cost Minimization 8.83 (%0) 653.72 (%30)  1.421 (%10) 

Carbon Emission Minimization 21.10 (%139) 502.48 (%0) 1.290 (%0) 

Risk Minimization 21.10 (%139) 502.48 (%0) 1.290 (%0) 

Multi-Objective Minimization 14.17 (%60) 578.10 (%15) 1.323 (%3) 

 

CONCLUSIONS 

Although hydrogen is one of the best alternatives for future energy sources, the supply chain infrastructure of hydrogen 
is still immature. In this study, considering the demand of the transportation sector in 2050, a multi-objective optimization 
approach is applied to develop a sustainable HSC network in Turkey. In the study, three objectives considered are cost, 
carbon emission and safety risk. The epsilon-constraint method is used to examine the three objectives together. When 
the established production facilities are examined, it is observed that in the scenario where the cost is minimized, a 
central distribution network is formed by establishing large-sized SMR facilities. In the multi-objective scenario, it is 
observed that many small-sized electrolysis plants are established. This results in a decentralized network configuration 
to develop a sustainable HSC network based on electrolysis, addressing to minimize cost, carbon emissions and risk. 
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ABSTRACT  

Today, energy providers are more stressed with the need for flexible demand management with renewable energy 
integration. In the smart grid (SG) structure, clients do not only consume the electricity but also gain the ability to produce 
it. This dynamic situation reveals a bidirectional energy flow. Besides, complex power flow composes a challenge for 
deciding to buy or sell the energy optimum. The big picture highlights only one item: SG stability. Decentral Smart Grid 
Control (DSGC) promises to implement the demand response with a concise framework. DSGC does not sense the 
major behaves of the grid; it only binds the electricity price to the electrical frequency. Although DSGC offers dynamically 
and economically feasible grid stability, it still has deficiencies based on the simplifying assumptions. One of the most 
prominent assumptions indicates that all players of the grid are assumed as identical. In this work, we attempt to 
introduce how data analytics may help overcome the assumptions in the DSGC system to build a grid stability model. 
With an enhanced dataset, this work proposes a deep learning-based SG stability model with a lightweight structure. 
The performance of the deep learning model provides a robust grid stability recognition with a 99.16% accuracy.  

Keywords: Smart grid, Grid stability, Deep learning, Convolutional neural networks, DSGC 

 
INTRODUCTION 

The smart grid (SG) is a state-of-the-art power grid framework that attempts to have solutions to energy management 
problems. The SG technology has been developed rapidly and is still growing. Various challenges still exist to be 
considered when pushing SG to the forefront. The integration of renewable energy resources to the grid seamlessly, 
and facing a new type of consumer are among urgent issues. This situation constructs the most prominent difference 
of SG to the conventional grid: two-way electricity power flow. While the conventional grid design includes one-
direction electricity flow, from the point it is produced to the point it is consumed, in the SG framework, electricity is 
allowed to flow in both directions. This bi-directional energy flow comes with a new term called "prosumers". The 
prosumer definition combines the "producer" and "consumer". The prosumers both supply the energy and consume 
it at the same time [1]. The demand management and planning the generation, distribution, and monitoring of the 
consumptions are more complex than before. The economic management of electrical energy tightly dependent on 
the option of whether buying or not buying the energy at a certain price. Today's industrial and residential 
environments also involve more distributed energy resource centers compared to yesterday. On top of that SG is 
equipped with advanced self-monitoring and self-healing systems [2]. All those concerns and decision-makings has 
developed an attention to the smart grid stability [3]. 

The stability analysis involves some data processing in the way of determining the price value for the consumers. So 
a decision-making could be progressed about the usage and the whole process is a time dependent and dynamically 
estimated. The stability analysis involves some data processing in the way of determining the price value for the 
consumers. So a decision-making could be progressed about the usage and the whole process is a time dependent 
and dynamically estimated. The stability assessment is not only important as a technical assignment but also as an 
economic climate of the electrical energy prices. Decentral Smart Grid Control (DSGC) systems takes just the 
frequency of the grid to the scene. Because an oversupply situation increases the frequency of the grid and the vice 
versa, an underproduction situation decreases the frequency of the grid. This scenario points out that the measured 
frequency has all the information we need to determine the electrical energy prices [4,5]. The DSGC method resolves 
the grid stability problem with mathematical models based on differential equations. Grid architecture is considered 
as a four-node star type with a generation node for three consumption nodes. The power balance in total (produced 
or consumed at each node), the response time of each participant to set the production and/or consumption according 
to price changes, and the elasticity of energy price is pictured with features (inputs) [5,6]. With the help of mentioned 
parameters, we have a design of a mathematical model for a prediction tool of grid instability. The end game is to 
solve the binary classification with the labels of "stable" and "unstable". On the other hand, the solution of this model 
has recourse to significant assumptions. As splendidly described in [6], a mathematical model based on differential 
equations can be handled in a number of ways, and some issues like "fixed input" and the "equality" may have been 
faced. So, it can be argued that a robust intelligent classifier with a state-of-the-art deep learning-based methodology 
could let us cope with those issues. 
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In this study, a lightweight convolutional neural network-based deep learning structure is proposed to predict the grid 
stability using a comprehensive SG stability dataset.  The contributions of the proposed model can be listed in the 
following manner: 

• A lightweight 1D-Convolutional Neural Network (CNN) is designed from scratch according to specific 
requirements of the SG stability prediction. The ad hoc designed deep learning-based model performs well 
in the stability assessment. 

•  Using the comprehensive SG stability datasets of [4] and [6] helps to picture the performance in a good 
manner. 

 

The proposed work takes the study [4] as the benchmark and differs from it in such a way that the proposed 
lightweight CNN structure is computationally effective with its specific structure from scratch. 

MODELING AND ANALYSIS  

Deep learning (DL) models have been widely used in a variety of applications in the electricity energy field since the 
last decade [7]. After it is first proposed in the current network model, CNN structures are swiftly developed in various 
types. Although generally usage of the CNN relies on a 2D image input, there are specific types in which the 1D signals 
could be processed [8]. In the proposed SG stability deep learning model, a 1D-CNN is designed from scratch with a 
lightweight structure. Figure 1 shows the proposed deep learning model with its specific layers. The comprehensive SG 
stability dataset is a public one and composed with grid stability simulations with an augmented type as in [4]. In Table 
1, we can see the details of the dataset and its features. 

  Table 1. The proposed lightweight CNN structure 

  

       Figure 1. The proposed lightweight CNN structure 

CONCLUSIONS 

Table 2. Performance values  

The experimental analyses have been done in Python - PyTorch DL package with 
hyperparameter tuning through the process. The performance results are shown in table 
2 with selected evaluation metrics. The proposed model reached an accuracy value of 
0.9925 with a lightweight 1D-CNN structure. Using the same SG stability dataset, the 
benchmark study reaches 0.9962 accuracy value with a more complex classifier model. 
The proposed model solves the DSGCs assumption issues with a deep learning-based 
prediction model of grid stability and reaches high performance values in very known 
performance criteria. 
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ABSTRACT  
Hydrogen production methods and different hydrogen energy utilization methods stands out as potential clean energy 
generation alternative. In this study, energy generation capacities and cost-effective feasibility analysis of current 
hydrogen production methods and hydrogen decarbonisation are presented. To overcome present energy storage 
challenges, potential renewable energy alternative is proposed as hydrogen decarbonization methods with promising 
zero CO2 emission. 

Keywords: Hydrogen Energy, Hydrogen Production Methods, Fuel Cells, Hydrogen Decarbonization, Zero Emission 
 
INTRODUCTION 
Hydrogen is easy to find. Despite its simplicity and abundance, it is not found naturally and compound with other 
elements. It can be obtained from biomass, oil, natural gas, electricity etc. According to IRENA Global Renewables 
Outlook 2020 [1], blue hydrogen costs are way cheaper than green hydrogen. But it can be compatible soon as 
reduce of electrolyser cost and green power. 
  
CURRENT ADVANCED TECHNOLOGIES OF IN HYDROGEN ENERGY UTILIZATION 

Manabu Tange, Tetsuhiko Maeda et al., 2 researched a system that uses metal hydride. This metal hydrides can 
balance the energy demand between night and day. This system designed to maximize the efficiency and aimed to 
reduce cost of electricity. It can be useful for both power suppliers and end users. 

Baptiste Delhomme, Andrea Lanzini et al. 3 , pointed out that hydrogen is fully renewable, reliable than the other RES 
(such as wind, solar) and practically this system can be stored anywhere in the World. In this research, a solid oxide 
fuel cell (SOFC) based combined heat and power (CHP) system.  

Nazim Muradov 4 researched about decarbonization of fossil fuels. Figure 1 explains his concept. 

 

 

Fig. 1 A fuel-gas decarbonization concept. 
 
Hydrogen also can be obtained from solar decarbonisation of fossil fuels. These processes are usually listed as, the 
solar thermal decomposition, the steam-reforming, and the steam-gasification.  

 
CONCLUSIONS 

To achieve zero CO2 emission rates, it is fundamental to reduce cost of hydrogen production methods. Today’s global 
production of hydrogen is coming from mainly carbon-based methods [6]. Decorbanization of hydrogen from metals 
and using fuel cell applications, we can use hydrogen as a fully renewable and cheaper energy source.  
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Fig. 2. Scheme of solar thermochemical routes [5] 
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ABSTRACT 

The Turkish Electricity Market has rapidly become a competitive market with the privatization and liberalization policies 
and the increasing efficiency of renewable power plants. When producers in the electricity market generate more or 
less than they have committed to supply to the market, they are subject to financial sanctions. Therefore, the 
increasing competition in electricity markets has revealed the necessity of developing accurate forecasting tools and 
effective bidding strategies for electricity producers. The main aim of this study is to optimize the bid of a solar power 
plant operating in Turkey to the day ahead market, using Artificial Neural Networks (ANN). Unlike previous studies, the 
loss function used in ANN has been customized to address the costs that will be caused by underproduction or 
overproduction. 

Keywords: Electricity markets, bid optimization, artificial neural networks 
 
INTRODUCTION 

Turkey’s installed capacity and electricity generation are increasing day by day with the privatization policies and the 
penetration of renewable energy plants into the market. In addition, the electricity demand is growing rapidly due to 
factors such as industrialization and population growth. The Turkish Electricity Market operates to instantly balance this 
supply and demand. In the Day-Ahead Market, an independent system operator determines hourly Market Clearing 
Prices (MCP) by matching the supply and price offers of electricity producers and the demand and price offers of 
electricity consumers for the next day. When producers generate more than the submitted bid (overproduction), they 
sell the excess production at a lower price. On the other hand, they are subject to financial sanctions if they cannot meet 
their bid (underproduction). In renewable power plants, supply-demand imbalances occur as a result of forecasting 
electricity generation with high error due to the direct effect of weather changes. The difference between the actual 
generation and the forecasted generation is balanced in the Balancing Power Market and this imbalance causes 
financial losses for electricity producers. Therefore, it is crucial for the power plants to predict the next day's production 
with the least error. The renewable power plants usually place these forecases directly as their bids, however this 
may not bring the highest profit. In this study our aim is to find a bid that maximizes the profit and that is not necessarily 
the same with the forecast.  

In the literature, there are studies on the optimization of production forecast and bid, separately. In general, for 
production forecast in renewable energy power plants, statistical or machine learning forecasting methods are 
developed in which weather and calender variables are used as inputs. There are also studies on bid optimization in 
the literature. Bhaskar and Singh [1] propose a stochastic model for the optimum bid of wind energy in the day ahead 
electricity market. First of all, uncertainties arising from wind energy production and market prices are determined by 
advanced statistical methods, then possible scenarios are produced using the kernel density estimation method. 
Matevosyan and Soder [2] use stochastic programming to minimize imbalance costs and develope a new method 
that generates optimum bid for the short-term electricity market. Herranz et al. [3] propose a method that minimizes 
an electricity purchase cost to determine the optimum bidding strategy. A genetic algorithm model is designed to 
optimize the parameters that define the best purchasing strategy. Zhang et al. [4] mention that the uncertainties in 
renewable energy production make the market bid risky, and develop different strategies with the newsvendor 
approach to reduce this risk and the costs of imbalance. 

We propose an Artificial Neural Network with a customized loss function, which considers the impact of costs incurred 
due to imbalances between supply and demand. Thus, the electricity producer will bid the amount that it will return a 
maximum profit instead of the production forecast. 

MATERIALS AND METHODS  

In this study, we develop a bid forecasting model for a solar power plant operating in Turkey. The predictor variables 
include half-hourly temperature, humidity, pressure, wind speed, solar radiation, day of the week, hour of the day, 
electricity prices for the period between 01-09-2016 to 31-12-2016. 80% of data is used for training data and the 
remaining 20% for testing. 

We propose a bid optimization strategy based on ANN. ANN aims to build a relationship between inputs and outputs 
by changing the weights of the nodes that comprises the network. ANN uses a loss function to measure the closeness 
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between the outputs and the actual values. The aim of the network is to provide a small loss value. The Mean Squared 
Error is commonly used as a loss function for regression problems. Oroojlooyjadid et al. [5] present a new revised loss 
function (1) for deep learning algorithms. The authors state that “The revised loss function allows the deep learning 
algorithm to obtain the minimizer of the newsvendor cost function directly, rather than first estimating the demand 
distribution and then choosing an order quantity.” We adapted their approach in our model. Let 𝑦𝑖 be the bid value for a 
given period 𝑖, qi be the amount of electricity produced in period i. Also let 𝑐𝑝 and 𝑐ℎ be the System Marginal Price and 

Market Clearing Price, respectively. Finally let 𝐸𝑖  denote the loss value of period i.  
 

𝐸𝑖 =
𝑚𝑖𝑛
𝑦𝑖

  [(𝑐ℎ(𝑦𝑖 − 𝑞𝑖))
+

+  (𝑐𝑝(𝑞𝑖 − 𝑦𝑖))
+

] ,                            (1) 

where (𝑐ℎ(𝑦𝑖 − 𝑞𝑖))
+
 and (𝑐𝑝(𝑞𝑖 − 𝑦𝑖))

+

are the holding cost (overproduction), shortage cost (underproduction), 

respectively. Since the loss function we use in the ANN must be differentiable, we revised the loss function (1) by 
squaring each cost term. Then we have a Euclidean revised loss function: 
 

𝐸𝑖 = {

1

2
 ‖𝑐𝑝(𝑑𝑖 − 𝑦𝑖)‖2

2
 ,    𝑖𝑓 𝑦𝑖 < 𝑑𝑖 ,

1

2
 ‖𝑐ℎ(𝑦𝑖 − 𝑑𝑖)‖2

2 ,    𝑖𝑓 𝑑𝑖 ≤ 𝑦𝑖 .
                               (2) 

Our model uses the gradient of the loss function in defined in Equation (2) to iteratively update the weights of the 
networks. 
 
CONCLUSIONS 

In this study, we proposed an optimization method to determine electricity producers’ bidding strategy in the day-
ahead electricity markets. We established an ANN with a customized loss function, which considers the effect of 
shortage cost and holding cost. Fig. 1 shows the comparison of the actual data of electricity generation with the bid 
values produced by our model. It can be observed that although the bid values generated with the ANN are 
meaningful, there is still room for improvement with different customized loss functions.   
 

 
Fig. 1. Comparison of electricity generation and bid values 
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ABSTRACT 

Natural Gas Combined Cycle Power Plants (CCPP) produce are very significant producers of electricity. They incur 
significant costs during their production process. In addition to the cost of natural gas, each plant is subject to very 
high start-up cost and shut down costs. Electricity, on the other hand, cannot be stored efficiently, and hence it is 
sold as soon as it is produced. Moreover, it’s a commodity which is traded in the electricity markets and its price is 
subject to change at each hour. Therefore, scheduling the electricity production of a CCPP is not very straightforward. 
In this study, we model the electricity production of a CCPP using a mixed integer programing (MIP) model. The 
results show that number of starts ups and shutdowns reduces as the costs increases.  

Keywords: mixed integer programming, optimization, electricity production, natural gas power plants 

 
INTRODUCTION 

Electricity is a commodity that can be traded in the electricity markets with sales prices, or market clearing prices (MCP) 
that changes hourly. Therefore, electricity producers decide on their production schedule with respect to their production 
costs and the MCP. Some electricity producers have negligible production costs. Solar panels or windmills, for example, 
can make profit by electricity production at any hour since they don’t have any cost at all. Natural Gas Combined Cycle 
Power Plants (CCPP), on the other hand, produces electricity with natural gas and has a significant (variable) production 
cost. Therefore, their production schedule is more sensitive to MCP. In other words, if the prices are sufficiently high, 
they can make profit, but they can make a loss if the prices are low since electricity cannot be stored to be sold later 
efficiently at the scale of a CCPP. There are also some significant factors about starting and stopping production. First, 
there are significant costs associated with both starting (startup cost) and stopping (shut down cost) production. Second, 
a CCPP cannot immediately start production at full capacity in an hour, i.e., it takes time to boost the production to full 
power. Third, the efficiency of a CCPP increases as the power of the system increases which results in a reduced 
production cost, therefore it is not straight forward to take decision on the production for a CCPP. For example, although 
it may be profitable to produce electricity in an hour, it may not be justified if the startup cost is too high or even if it’s not 
profitable to produce electricity in an hour, it could be better to start in that period to boost the production in the 
subsequent periods. In this study we address the production scheduling of a CCPP. We model the problem using a 
mixed integer programming (MIP) model and minimize total cost of production which consists of (variable) production 
cost, startup cost and shut down costs.  

METHODS  

 There are two widely used methods for scheduling natural gas power plants: in the literature (i) mixed integer 
programming and (ii) dynamic programming. Three main reasons are stated for the use of MIP models (i) Gotzman, 
Ziółkowski and Badur state that MIP models, shows significant acceleration in terms of development in the past 
periods with additional improvements like branch-and-cut algorithms. [1]. (ii) Simoglou, Biskas, and Bakirtzis state 
that the main advantage of an MIP model is a global and demonstrable optimal solution, emphasizing that its 
optimality is more accurate than other models [2]. (iii) Morales-España, Latorre, and Ramos state that the MIP 
formulation offer the solution faster than the other solution techniques [3]. At the same time, Prina, Fanali, Manzolini 
et al. prefer this method in their case studies, while Marquant, Evins and Carmeliet added their own approaches over 
an MIP model. [4]-[5]. On the other hand, the reason for using dynamic programming is that the dynamic programming 
solution provides convenience in modeling in case of a small number of operating states, that is, in switchboard 
models that are either open or closed. Lopez, Gomez and Moya preferred dynamic programming in line with this 
convenience [6]. In this study, an MIP model is employed to schedule the production plan of a CCPP. 
 
CONCLUSIONS 

The proposed model addresses the scheduling problem of a hypothetical CCPP. The efficiency of a CCPP has a non-
linear relationship between the state of power and the amount of used natural gas. Non-linearity, however, makes it 
very hard, sometimes impossible to solve a MIP model. Therefore, as an initial step, the production is assumed to 
binary, i.e., the CCPP either works at full capacity or does not work at all. The problem is solved over a week using the 
MCP of the last week of June 2021. Two different scenarios are analyzed. The first scenario has low start up and shut 
dows costs, on the other hand the second scenario has higher costs. The resulting schedule is given in Figure 1. 
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Fig. 1. Production schedule of a CCPP for two different cost scenarios. 

 
It can be observed that when the costs are low, the system shuts down and starts to operate more frequently than the 
other scenario where the costs are high. The model will be extended to different levels of production at the first step, 
i.e., the system will have some intermediate steps (in addition to open and closed) for production. The next step is to 
extend the model to continuous production levels and utilize the non-linearity of the efficiency to the solution.  
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ABSTRACT  

This paper reports on the results of an experimental study and theoretical thermodynamic simulation of a prototype of 
self-circulation of R718/LiBr absorption refrigerator based on thermally bubble pumps. The first test results showed that 
cold at 5°C is effectively produced by the machine for heating temperature of about 82°C and an ambient air of 20°C. 
The experimental results were very useful for the determination of the starting bubble pumping as well as the effect of 
the operating parameters on the level of cold produced and the efficiency of this system. The comparison of the 
experimental data with the theoretical model showed a good agreement. 
 
Keywords: R718, LiBr, Bubble pump, absorption refrigeration cycle, design 
 
INTRODUCTION 

The absorption refrigeration technology operated with natural refrigerant has seen renewed interest in the recent 
years due to the growing awareness of global warming, climate change, and energy and environmental problems. 
Ammonia-water and water-lithium bromide are the most useful working fluids in these cand of refrigeration machine 
[1-4].     
 
Conventional absorption refrigeration machine utilizes an electrical solution pump between absorption and desorption 
process.  Substitution of mechanical pump by thermally bubble pump makes this machine suitable for 100% solar 
absorption cooling applications.  
 
In our research laboratory, a prototype was built to demonstrate the feasibility of a water-lithium bromide vapor 
absorption refrigeration cycle wich uses a thermally activated solution pumping mechanism. It was charged with a 
prepared aqueous concentrated solution of lithium bromide (50% mass.). The experimental results were used as 
input data for the theoretical model. The thermodynamic analysis was performed based on a mathematical model of 
the machine.  

 
EXPERIMENTAL PROTOTYPE  

A schematic view of the designed and fabricated experimental refrigerator is shown in Fig.1. The system design 
allows investigating the bubble pump behaviour and the absorber efficiency. 

 

 
Fig.1. Schematic of the experimental prototype 

 
Experimental temperatures of the evaporator, absorber, desorption and heat source are shown in Fig.2. At the 
starting all the temperatures are equal to about 21°C which correspond to the ambient temperature. During the first 
minutes (30 mn) both of the desorption and generator temperature increase sharply but no cooling effect is produced 
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yet. This is due to the start-up of the bubble pump. When the generator heat source inlet temperature reaches 82°C, 
the bubbles pump flow is started and then R718 liquid begin drain from condenser to evaporator. The evaporator 
starts to produce cold, and its temperature starts to decrease. After about 10mn, the machine is at steady state 
operation and the evaporator temperature is stabilized at about 7°C. 
 

 
Fig. 2 Experimental temperatures of the evaporator, absorber, desorption and heat source. 

 

THERMODYNAMIC ANALYSIS 

A schematic the mass and energy conservation equations for each component of the machine are established. The 
obtained large set on non-linear equations of simulation model are solved simultaneously. The cycle is simulated 
with four cooling medium temperatures as presented in Fig.3 that represents the evolution of coefficient of 
performance vs. the driving heat and cooling medium temperatures.  
 

                       

Fig.3 COP vs. driving and cooling medium temperatures. 

CONCLUSIONS 

An experimental prototype of a thermally driven bubbles pumps operated absorption refrigeration cycle charged with 
lithium bromide and water was fabricated based and tested. The experimental results showed the feasibility of this 
cycle and cold was effectively produced at about 7°C for a relatively low driving temperature of 82°C. The 
experimental results were used as input data for the thermodynamic simulation model.  
 
Experimental and numerical results confirm that R718/LiBr is a good potential mixture for absorption refrigeration 
cycles which can be operated at low generation temperatures that allow the solar heat source coupling. 
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ABSTRACT  

In this study the performance of siderite as oxygen carrier (OC) in a bench-scale Chemical Looping Combustion (CLC) 
set-up was evaluated by using various blends of CO and H2 in N2 as fuel. 92% fuel conversion was obtained as mean 
of four tests performed at 850oC. Siderite kept its reactivity and durability for approximately 8 hours throughout the tests. 
It was concluded that, siderite may be a proper OC for pilot or sub-pilot applications since the cost of the OC is a key 
factor in commercial scale units in which vast amount of OC is required. 

Keywords: Chemical Looping Combustion, Oxygen Carrier, Siderite 
 
INTRODUCTION 

Chemical Looping Combustion (CLC) is a promising combustion technology which offers low energy penalty 
compared to the competing clean energy processes. The air-isolated combustion of fuel in this technology leads to 
inherent CO2 capture, while the continuity of the process is enabled by rotating a solid media i.e the oxygen carrier 
(OC), between two distinct reactors, one for oxidizing the fuel by the solid-state oxygen (the fuel reactor), and the 
other for recharging the depleted OC with air oxygen (the air reactor). Thus, the OC is of vital importance on the 
success of the process. In general, it is demanded from the OC to be sufficiently reactive, durable, and 
environmentally benign. However, as solid fuels –especially coal– are likely to have an important role in future energy 
scenarios, the availability and the cost of the material are being more determinative on OC selection. Due to this fact, 
in recent CLC studies, the oxygen carrying performance of natural ores and metallurgical wastes has been intensively 
investigated. Among many tested materials, iron-based OCs exhibited substantial potential as OC since they mostly 
satisfied the abovementioned expectations [1]. Especially hematite and ilmenite, two main iron ores yielded promising 
results [2]. However, hematite is the primary raw material of iron and steel industry, and ilmenite is mainly used for 
titanium dioxide manufacturing. Thus, searching alternative OCs is inevitable. In this context, we investigated the 
performance of siderite as OC in CLC since siderite has not been evaluated as OC before. Besides, it is very common 
and affordable mineral which can be easily transformed into its oxide form by a simple pretreatment such as 
calcination.  
 
MATERIALS AND METHODS  

The siderite sample whose chemical composition is 56.6% Fe, 7.4% MnO, 4.6% CaO, 2.5% MgO, and 28.9% others, 
was supplied from Hekimhan mine (Malatya,Turkey) via Hekimhan Madencilik AŞ. After being crushed, the samples 
were sieved and the portion with 0.20 mm diameter was calcined at 900oC for 12 hours. 5 g calcined siderite was 
loaded into reactor for each CLC test.  
 
The experimental set-up was composed of a vertical electric furnace, a quartz fluidized bed, a real-time gas analyser, 
gas lines, mass flow controllers (MFCs) and a programmable logic controller (PLC. The CLC loops were established 
by the PLC unit via alternating the atmosphere sent to the reactor with the sequence of "fuel flow, purging flow, and 
air flow" throughout 50 full cycles. Gas mixtures at various proportions of H2 and CO were used as fuel for CLC tests 
and the flue gas concentration was continuously analyzed and recorded by the gas analyzer. Tests were conducted 
at 850oC and 6 times of the minimum fluidization velocity. Further details about the set-up can be found in our previous 
studies [3], [4], [5]. 
 
The time intervals of the full cycles during the fuel gas flow were referred as reduction half cycle (RHC), while the 
remaining sections including reoxidation of OC under air flow were referred as oxidation half cycle (OHC). The time-
dependent conversion of OC during any RHC was calculated by Eq. (1), while mean fuel conversion efficiency values 
for CO and H2 was determined by Eq. (2). 
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RESULTS 

Fig. 1 shows the variation of the fuel conversion efficiency during CLC tests, while the mean values were as 88.85%, 
96.68%, 93.75%, and 89.31% for "Test 1", "Test 2", "Test 3", and "Test 4", respectively. 
 

 

Figure 1. Variation of fuel conversion efficiency during CLC tests 
 
As can be seen from Fig. 1, the fuel conversion efficiency dramatically decreased after 40th RHC in "Test-1" in which 
the fuel was H2 free. However, the conversion efficiency was almost stable for 50 RHCs –approximately for 8 hours– 
during the remaining tests in which the fuel was blended with various amounts of H2. Since satisfying results were 
obtained during "Test-3" fueled by synthetic syngas i.e CO:H2 with 1:1 molar ratio, the variation of the reduction rate of 
OC throughout in this test was also graphed. Fig. 2 implies that siderite kept its reactivity for almost whole test since no 
considerable decrease on reaction rate was occurred. This fact clarifies the stable trend of fuel conversion efficiency 
during "Test-3" seen on Fig. 1.    
 

 
Figure 2. Variation of reduction rate of siderite OC throughout "Test-3" 

 
CONCLUSIONS 

Siderite is a proper and cost-effective iron-based OC for CLC process with sufficient reactivity and durability as it 
accompanied 92% fuel conversion as mean of 4 tests each lasted for 8 hours. It may be considered as a suitable 
OC for pilot scale CLC applications especially during the conversion of coal derived syngas into energy.  
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ABSTRACT 

In this study new enhanced and modified hydrogen-R717-water diffusion absorption cycle MHDAR with increasing 
internal heat recovery has investigated and compared by numerical simulation to the Pluten-Munters common basic 
configuration BDAR.  Simulations are performed for two cooling medium temperatures, water at 27°C and air at 35°C, 
and four driving heat temperatures in the range [90°C - 180°C]. The cycle performance characteristics are analyzed 
parametrically by computer simulation. Simulation results allow to conclude that the coefficient of performance and 
the minimum evaporator temperature reached largely depend on the maximum driving temperature and the absorber 
efficiency. In the air-cooled case, the conventional BDAR cycle COP cannot exceed 0.22 with a generator driving 
temperature of about 140°C. While the new enhanced MHDAR cycle reaches a maximum COP of 0.38 and minimum 
evaporation temperature of -24°C for the same operating conditions.  

Keywords: Hydrogen, Absorption Refrigeration, R600, Enhancement design 

 
INTRODUCTION 

In recent years, energy consumption of refrigeration and air-conditioning applications is increasing significantly, which 
poses technical problems in electricity production plants. In addition, they create two sources of environmental 
pollution:  direct emission of greenhouse gases, especially for HFC working fluids, and emission of the greenhouse 
gases during generation of electric power. Absorption refrigeration systems mainly powered by solar energy and 
using natural refrigerants are mong the best alternatives to overcome these problems. Hydrogen Diffusion absorption 
refrigeration (HDAR) cycle [1] has been recognized as one of the most promising technologies in refrigeration and 
air-conditioning applications. The corresponding thermodynamic cycle is based on refrigerant/absorbent pair mixture 
as working fluids and an inert gas for pressure equalization.  

Numerous researches in this field have been done and a lot more is still undergoing. Most of the work on hydrogen 
diffusion absorption refrigerators reported in the literature involves thermodynamic modelling and looking for new 
fluids associated or not to experimental tests. Ben Ezzine et al. [2] presented an experimental investigation of an air-
cooled diffusion absorption machine operating with a binary light hydrocarbon mixture (C4H10/C9H2O) as working 
fluids and helium as pressure equalizing inert gas. Zohar et al. [3] examined numerically the performance of a HDAR 
system working with an organic absorbent (DMAC-dimethylacetamide) and five different refrigerants. Ben Ezzine et 
al. [4] investigated the feasibility of a HDAR operating with the working fluid system DMAC-R124 and coupled to a 
solar collector. Few research has been performed on theoretical and practical enhancement design of the basic 
conventional HDAR. The present paper is a contribution to enhancement and research for new enhanced HDAR 
configurations. Numerical investigations are then performed for a new MHDAR operated with hydrogen-R717-water 
mixtures with hydrogen as the auxiliary gas. The effects of different operating parameters on the system 
performances are analysed and discussed.    

DESCRIPTION OF THE NEW MODIFIED MHDAR 

As shown in Fig.1 the new enhanced MHDAR configuration, is also an extension of the BHDAR. The novel 
enhancement consists to integration of three-fluid-ways heat exchanger RECT-SHX. When passing through the 
RECT-SHX the rich solution (6) is preheated simultaneously by the hot weak solution (9) leaving generator and vapor 
(10) containing some amount of absorbent vapor to be purified. 

MODELING AND SIMULATION 

In the same operating conditions simulation was then performed for the different case study. Based on the simulated 

results, the thermodynamic cycle of the air-cooled HDAR is represented on the OLDHAM diagram shown in fig.2. In the case 
of 35°C air-cooling medium the three investigated cycles are simulated and compared as presented in fig.3 that 
reports the results of the comparison between the basic Platen-Munters hydrogen diffusion absorption refrigerator 
cycle BHDAR and the two enhanced cycle MHDAR1 and MHDAR2 investigated in this work for varying driving heat 
temperatures. It shows clearly that the second modified cycle MDAR2 is more performing. For the air cooled MDAR2 
and when the driving temperature reaches a value of 150°C and beyond, the COP is at maximum with a value of 
0.37, that is approximately 68% higher than that of the basic diffusion absorption refrigerator. 
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Fig. 1. Schematic of the basic BHDAR and the new MHDAR hydrogen diffusion absorption refrigeration systems 

 

             
Fig. 2. Thermodynamic Cycle on the Oldham diagram                            Fig. 3. COP vs. driving temperature 

 

CONCLUSIONS 

The new enhanced configurations of Hydrogen Diffusion Absorption Refrigeration system proposed in this investigation 
and based on internal heat recovery are simulated and compared to the basic conventional Pluten-Munters cycle 
BHDAR. 
 
Parametric analysis and simulation results show that the driving temperature and the absorber efficiency have the 
largest effect on the COP and the minimum evaporation temperature. The maximum reached COP of new MHDAR is 
68% higher than that of the basic hydrogen diffusion absorption refrigerator BHDAR. 
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ABSTRACT  
In this study, conversion of brewed tea waste into hydrochars was investigated with the aim of obtaining an improved 
energy feedstock. It was hydrothermally carbonized in sub-critical water at four different temperatures: 220, 240, 260 
and 280 °C. Fuel characteristics and chemical properties of derived hydrochars were determined using standard fuel 
analysis and spectroscopic methods. The combustion behavior of brewed tea waste and hydrochars was examined via 
non-isothermal thermogravimetric analysis under air atmosphere. Hydrochar yields decreased with increasing 
carbonization temperature. Hydrochar yield was lower than biochar yield at the same temperature and duration. 25-
35% of initial ash in biomass was removed by hydrothermal carbonization. Hydrothermal carbonization converted tea 
pulps to hydrochars with improved fuel and combustion characteristics observed by properties such as higher calorific 
value and lower burnout temperature. Acid-base ratio values indicates high risk of slagging for both tea pulp and 
hydrochars during their combustion, while fouling index values indicated that hydrothermal carbonization was very 
effective in lowering the fouling tendency of spent tea waste. Hydrothermal carbonization also lowered the risk of bed 
agglomeration due to the accumulation Fe in hydrochar and removal of K by hydrothermal carbonization.  

Keywords: hydrothermal carbonization, brewed tea waste, combustion, slagging, fouling 

 
INTRODUCTION 

Fermented black tea is a very popular hot drink in Turkey. It has an annual per capita consumption of approximately 
3.5 kg in Turkey. After the extraction (brewing) of fermented black tea, brewing tea waste (BTW) remains as a waste 
with a high-water content. BTW is also produced as waste of soft beverage industry during the production of iced 
tea. Therefore, BTW can be classified both as domestic waste and beverage industry waste. Utilization of this waste 
is possible by converting it to a energy densified product, biochar/hydrochar by carbonization. Being a wet waste, 
BTW can be converted to hydrochar by hydrothermal carbonization (HTC) which is applied to wet biomass with water 
content up to 80% under inert conditions in the temperature range of 180−280 °C. In this study, utilization of BTW as 
energy feedstock was aimed and the fuel and combustion characteristics of derived hydrochars was investigated. In 
addition, slagging, and fouling indices of hydrochars were calculated in order to foresee potential problems related 
with their combustion.  

 
MATERIALS AND METHODS  

BTW was supplied by a local cafe in Bornova, İzmir. TPMOW had a solid content of 13.4 % as received. It has a calcium 
content of 1.33% and a potassium content of 0.87% on dry basis. HTC system and characterization of hydrochars were 
described elsewhere [1]. Hydrochars were defined as following the “HC-temperature” sequence (HC-220 stands for 
hydrochar obtained from HTC of BTW conducted at 220 °C for 60 min). Torrefaction of TP was also carried out at 260°C 
for a duration of 60 min for comparison purpose and the resultant biochar was defined as BC-260. Combustion behavior 
of BTW, its hydrochars and BC-260 were determined using a thermogravimetric analyzer under air with a flow rate of 
200 mL/min. The ignition temperature (Ti), burnout temperature (Tb), and average combustion reactivity (Rm) of BTW, 
its hydrochars and BC-280 were calculated from the thermogravimetry (TG) / derivative thermogravimetry (DTG) curve 
according to the literature [2].  
 

RESULTS AND CONCLUSIONS 

The effect of HTC temperature on the fuel and combustion characteristics of the BTW derived hydrochars is given in 
Table 1. Hydrochar yield decreased sharply with the increase of temperature due to the enhanced degradation of BTW 
[3]. The mass yield of HC-260 was found to be lower than that of BC-260 possibly due to the decreased stability of 
biomass components under supercritical water conditions. Ash contents of hydrochars were higher than that of BTW. 
This was attributed to the existence of most of the inorganics, mainly calcium salts (Table 2), of BTW in less soluble 
form. Therefore, only 25-35% of ash in BTW was dissolved in subcritical water. The volatile content (VC) of hydrochar 
decreased and its fixed carbon (FC) content increased with increasing temperature. The higher heating values (HHV) 
of hydrochars increased due to the increase of C content and decrease of O content with increasing temperature. 
Energy yield (EY) of hydrochars decreased with increase of temperature mainly due to the decrease in mass yield for 
higher temperatures.  

Ti of hydrochars obtained did not change much with HTC temperature (except HC-200-0). Tb of all hydrochars were 
found to be lower than that of TPOMW. Low temperature hydrochars had higher Rm than high temperature hydrochars.  
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 Table 1. Proximate analysis, elemental analysis, fuel properties and combustion parameters of hydrochars 

 Proximate analysis, %wt., dry basis  Elemental analysis, %wt., dry basis   Combustion analysis  

 Ash VM FC 
 

C H N S O* Yield 
HHV 

(MJ/kg) 
EY Ti Tb Rm 

BTW 3.57 56.26 40.17  52.04 6.04 4.16 0.26 33.93 -    24.80 - 277 541 0.92 
HC-220 4.24 41.89 53.87  61.39 6.11 3.19 0.32 24.75 58.92 28.24 67.08 284 513 1.42 
HC-240 4.53 37.67 57.80  63.47 6.49 3.49 0.48 21.54 52.50 29.39 62.22 281 508 1.68 
HC-260 4.99 30.63 64.38  67.52 6.32 3.81 0.19 17.17 46.33 30.54 57.04 

7.04 
283 507 0.85 

HC-280 6.35 15.57 78.08  69.98 6.96 3.88 0.30 12.53 41.85 32.13 54.20 283 507 1.05 
BC-260 4.86 54.82 40.32  62.96 5.72 5.51 0.06 20.89 73.58 28.05 83.22 286 544 0.95 

            *by difference. O% = 100-(C%+H%+N%+S%+Ash%)                        
          **from literature [5] 

Inorganic composition and estimated slagging and fouling indices of BTW and selected hydrochars are given in Table 
2. As seen in Table 2 that main components of BTW ash are CaO and K2O. The K2O content decreased dramatically 
after HTC, while the CaO content increased. Alkali index values of hydrochars were observed to be lower than 0.17 
implying that their combustion would be safe [4] as expected due to the removal of alkali oxides during HTC. Acid base 
ratios of hydrochars much higher than 1.0 and slagging index values much higher than 2.0 imply a high to severe risk 
of slagging during combustion. Fouling index values of hydrochars much lower than that of BTW implies a decrease in 
the fouling potential by HTC process from high to medium.  

In conclusion, HTC eliminated some of the disadvantages of TPOMW as fuel by converting it to hydrochar with higher 
heating value and lower fouling potential, but it was insufficient in lowering the ash content and slagging potential of 
BTW. 

Table 2. Inorganic content and fouling and slagging indices of BTW and its hydrochars 
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 Na2O MgO Al2O3 SiO2 K2O CaO TiO2 Fe2O3 Alkali 
index  

Acid base 
ratio 

Slagging 
index 

Fouling 
index 

BTW <0,01 <0,003 <0,003 0,098 1,045 1.861 0.005 0.071 0.42 28.91 6.53 30.20 
HC-220 <0,01 <0,003 <0,003 <0,01 0.127 2.358 0.02 0.125 0.03 17.39 3.38 1.37 
HC-260 <0,01 <0,003 <0,003 <0,01 0.126 3.221 0.02 0.156 0.02 23.66 5.66 1.34 
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ABSTRACT 

The fundamental purpose of this advised work is to study the geothermal energy-based integrated plant from the 
point of the thermodynamic analysis method. In this regard, a comprehensive energetic and exergetic efficiencies 
analysis is conducted to investigate the performance behavior of the modeled plant. The new configuration plant 
consists of a geothermal power system with the single flash, organic Rankine cycle (ORC), transcritical CO2 Rankine 
cycle (tCO2_RC), domestic hot water (DHW), a PEM electrolyzer, and magnetic refrigeration to produce hydrogen, 
power, heating, cooling and hot water. According to analyses results, the advised model's general energetic and 
exergetic performances are found as 44.81% and 46.32%, respectively.  

Keywords: Combine plant, Geothermal energy, Thermodynamic, Hydrogen 

 
INTRODUCTION 

Since the industrial revolution, the increase in the usage of fossil fuels has given rise to significant harmful impacts on 
the atmosphere. Using these fuels to meet energy needs, especially electrical energy, causes an increase in the 
emission of toxic gases that cause serious health problems for human health and the environment [1,2]. For this reason, 
the use of sustainable energy derivations is one of the most noteworthy and prominent factors in the fight against 
environmentally harmful gas problems. Among renewable energy sources, geothermal energy stands out due to its 
advantages, such as being unaffected by environmental conditions (such as sun and wind) and uninterrupted. In 
addition, there are many studies on geothermal energy in the literature in terms of such advantages and suitability 
for different usage purposes [3-5]. In this light, this proposed work is designed to generate various beneficial 
productions by integrating different subsystems with geothermal energy and analyzed thermodynamically. The main 
difference of the proposed work is the analysis of increasing power and useful outputs using a single-flash system, 
an ORC, and a tCO2_RC. 
 
MATERIALS AND METHODS 

The proposed integrated system consists of a single flash, steam turbine, ORC with R123 working fluid, a transcritical 
tCO2-RC, a PEM electrolyzer, domestic water heater, and magnetic cooling cycle, as shown in Figure 1. In short, in 
its most general form, the new configuration system is thermally powered by geothermal energy and produces various 
useful products such as cooling-heating, energy, hot water, and hydrogen 

The influence of changes in geothermal reservoir temperature and mass flow rate on the effectiveness of the total 
integrated model are examined and presented in Figures 2 and 3. In addition, the system analysis results are given 
in Table 1. Here, useful outputs from the system are presented. 

 

Table 1. Thermodynamic analysis results 

Wsteamturbine 16689 kW 

WORC 1850 kW 

WtCO2 1681 kW 

QHeating 8726 kW 

mHydrogen 0.0124 kg/s 

mcooling_water  1.582 kg/s 
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CONCLUSIONS 

A thorough thermodynamic performance investigation is done in this work of the integrated plant that produces power, 
heating, cooling, hot water, and hydrogen generation. Based on analysis results, briefly, some significant crucial findings 
can be demonstrated as follows: 
 

• The electricity generation capacity of the steam turbine, ORC turbine, and tCO2 turbine is computed as 16689 
kW, 1850 kW, and 1681 kW, respectively. In addition, the heating and cooling water production capacity is 
calculated as 8726 kW and 1.582 kgs-1. 

• At a geothermal reservoir temperature of 180 oC, the energy and exergy effectiveness of the entire model are 
computed as 44.81% and 46.32%.   

• The proposed model's total hydrogen generation capacity is also computed as 0.0124 kgs-1. In conclusion, it 
should be noted that the overall systems' performance increased by rising both mass rate and water 
temperature of geothermal. 
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Fig. 1 Schematic diagram of geothermal plant

Fig. 2 Effect of geothermal water temperature on geothermal plant

Fig. 3 Effect of geothermal water mass flow rate on geothermal plant
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ABSTRACT  

1,3-bisstearoylurea and 1,1,3,3-tetrastearoylurea were produced as solid–solid phase change materials (SS-PCMs) for 
potential solar thermal energy storage (TES) applications via condensation of urea with the respective amount of 
carboxyl chloride (stearoyl chloride). Both 1,3-bisstearoylurea and 1,1,3,3-tetrastearoylurea were characterized by FT-
IR, NMR, DSC, and TG analysis techniques. 1,3-bisstearoylurea and 1,1,3,3-tetrastearoylurea had considerable 
melting/crystallization enthalpy. The reason of crystallization was structural symmetry and flexibility of long alkyl groups 
there. Di and tetra alkyl groups made it possible to discuss about the structure property relationship for organic PCMs. 
Besides, the compounds were characterized through DSC and FT-IR spectroscopy before and after thermal cycling to 
determine their thermal reliability. Solid-solid phase change enthalpies of them for melting and crystallization were found 
95.86 and -87.60 Jg-1 for 1,3-bisstearoylurea respectively and 27.65 and -25.75 Jg-1 for 1,1,3.3-tetrastearoylurea, 
respectively. Thermal conductivity was studied to increase by simply expanded graphite addition. The thermal 
endurance limits of 1,3-bisstearoylurea and 1,1,3,3-tetrastearoylurea compounds were studied by TG analysis. 

Keywords: Phase change materials, Thermal property, Fatty acid. 

 
INTRODUCTION 

Thermal energy storage (TES) materials are mostly organic and inorganic based phase change materials (PCMs) with 
considerable and reversible enthalpy uptake and release under controlled periods. PCMs have also some other typical 
properties like high thermal conductivity for suitable response time, a phase change temperature at the working 
intervals, congruent melting without overcooling, affordable cost, material consistency over the usage periods, and non-
toxicity(1). Some of widely used or produced PCMs are paraffins, alcohols, fatty acids, esters, sulfonated paraffins, 
some eutectics, polymeric materials, salts, salt hydrates, alloys, etc. They were investigated for space explorations, 
solar energy storage systems, greenhouses and buildings, textiles thermal comfort, food and medical transportation, 
industrial waste heat recovery, high performance electronic equipment, etc. PCMs have been exploited in various 
applications like solar energy validation, industrial heat recovery, efficiency increase of air conditioning systems, building 
validations, greenhouses, cooling of electronic devices, sensors, and insulation clothing(2,3) and such applications bear 
some needs for further capability and functionality of the potential PCMs. Stearic acid is one of the easily available 
biosourced solid–liquid phase change heat storage material. Its storage density is considerable. Due to that it has poor 
thermal stability, corrosivity and considerable sublimation property during heating. It is generally preferred for improving 
its properties as a sample to all fatty acids(4). In this study, stearoylurea compounds were produced for the first time by 
condensation of stearic acid acyl chloride and urea. The 2 compounds produced with di and tetra dentate stearyl amide 
functionality showed 2 distinct phase transitions for 2 different crystallite regions. In addition to materials novelty, it is 
also a sample to understand structure property relationship. The amide functionality is also expected to be used in 
miscellaneous potential applications. Stearic acid is an 18-carbon molecule named as octadecanoic acid according to 
IUPAC. Stearic acid is the second abundant biobased fatty acid after palmitic acid. Potential solar energy storage 
applications for manufactured materials could be heating and air conditioning in buildings and cooling of photovoltaic 
cells. 

 
MATERIALS AND METHODS  

Stearoyl chloride was synthesized in a flask equipped with an agitator, a thermometer, and a condenser using a 
stoichiometric amount of stearic acid, thionyl chloride, pyridine, and toluene (with a stearic acid/thionyl chloride ratio of 
1/1) at 50 °C for 2 hrs. 1,3-stearoyl urea and 1,1,3,3-tetra stearoyl urea compounds were obtained using stearic 
chloride/urea at molar ratios of 2/1 and 4/1, respectively at 80 C for 4 hrs thoroughly mixing. The reaction was ended 
with filtration and washings using water and drying in an oven. Synthetic scheme of the reaction was shown in Figure 
1. 
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Figure 1. Synthetic scheme of 1,3-stearoyl urea and 1,1,3,3-tetra stearoyl urea compounds 

 
CONCLUSIONS 

1,3-bisstearoylurea and 1,1,3,3-tetrastearoylurea compounds were successfully prepared as novel organic SS-PCMs 
via the condensation of stoichiometric amount of stearoyl chloride and urea at high purity and yield. Urea based center 
of the molecules were assigned to hold the structure in solid above the first phase transition due to the secondary 
crystallites of the urea structures. Secondary crystallites led to a secondary transition as melting. The compounds had 
considerable amount of TES density during phase change of both solid-solid and solid-liquid transitions. This would 
probably enable to use them as potential materials in some applications like solar heating and cooling. Tetra branch 
structure was expected to distort secondary crystallites and decrease phase transition temperature. The distorted 
structure was also assumed to affect the primary phase domains and decrease first (solid-solid) phase transition. And 
experimental findings were all consistent with the expectations. For structure of the produced compounds were studied 
by FT-IR and 1H-NMR spectroscopy analysis. It was shown that di and tetra chain structure of the compounds were 
effective on the phase change characteristics tutorial to the energy storage property. It was due to that the crystallinity 
of di sided compounds was much easy to crystallize as tetra chain distorts the crystal structure and prevents crystallinity 
resulting in a decrease in phase change temperature and enthalpy. 
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ABSTRACT  
In this study, polyacrylonitrile (PAN)/polyethylene glycol (PEG) 2000 blend nanofibers were produced. In this way, 
the fiber forming properties of PAN and the heat storage properties of PEG are combined. PEG2000, PAN mixtures 
were electrospined by dissolving 10%, 20% and 35% by mass in dimethylformamide (DMF). Produced samples were 
characterized by SEM, T-history and DSC analysis. According to DSC results, 10% PEG2.000, 20% PEG2.000, 35% 
PEG2000 produce increasing melting enthalpy in the 0-70 ̊C range, respectively. While the best fiber formation is 
seen in PAN, according to SEM images, there is increasing agglomeration as the PEG 2000 ratio increases. With 
this study, it has been shown that by encapsulating PEG 2000 in nanofiber form, which turns into a liquid state by 
taking heat under normal conditions, structures that can be produced in composite form with high surface area can 
be developed. 
 
Keywords Electrospinning, PEG, nanofiber, heat storage 

 
INTRODUCTION 
Thermal energy storage (TES) is considered as one of the important technologies for energy recovery in the future. 
There are 3 types of TES as sensible heat storage, latent heat storage and reversible chemical reaction heat storage. 
Among the TES methods, latent heat energy storage using a phase change material (PCM) is an effective technique 
due to its high energy storage capability and advantages of isothermal properties. Nanofibers are a kind of 
nanotechnology product. They have superior properties compared to traditional microfibers. Nanofibers provide 
important opportunities for the industry with their large surface area per unit, volume, ultraviolet resistance, chemical 
resistance, low density and large porous structures. In addition, nanofibers can be used in many different production 
areas such as drug delivery, fuel cells, tissue engineering, filtration systems and nanocomposites [1-3]. Nanofibers 
can be produced using polyacrylonitrile and its derivatives. Polyacrylonitrile (PAN) is a widely used material in 
nanofiber production with its wide range of uses with different properties. It is often used as a comonomer addition 
and vinyl acetate, methyl acrylate, methyl methacrylate or itaconic acid can be used as comonomers [2-3]. 
 
PEG is generally used as a solid-liquid phase change material and as a building block of solid-solid phase change 
materials [4]. There are polymeric mixtures such as PEG)/polystyrene or composite structures such as PEG/sugar 
in the literature. In addition, solid-solid phase change polymers with thermal energy storage, produced using PEG 
and monomethyl ether-terminated PEG, are also available with various PEG molecular weight applications. The aim 
of this study is to produce the nanofibers of PEGs with high latent heat storage properties as impermeable and 
reusable by electrospin method. In this way, PEG, which turns into a liquid state by taking heat normally, will be 
stored in nanofibers with high surface area without showing flowing behavior and will gain reusability. 
 
MATERIAL AND METHOD 
Merck brand PEG 2000 and PEG20000, dimethyl formamide (DMF) and polyacrylonitrile (PAN) were used as 
materials and equipment. In addition, 5 mL ayset syringe and nano web electrospin 100 brand electrospin device 
operating between 0-25 kV were used in the experiments. A mixture of 10% PEG 2.000 and 90% PAN by mass is 
dissolved in 30 ml of DMF with stirring for 5 hours on a magnetic stirrer. It is filled into a 5 mL syringe without air 
bubbles and placed in the electrospin pump. The fiber formation on the collecting screen is adjusted by changing the 
distance between the syringe tip in the range of 7 cm-20 cm, the applied voltage in the range of 10-20 kV, and the 
pump flow rate in the range of 3.0-1.0 mL. 
 
CONCLUSIONS 
According to Table 1, while PAN did not give any enthalpy value, 35% PEG 2000 showed the highest enthalpy of 
melting and crystallization. In addition, the melting and crystallization enthalpy increased as the PEG2000 ratio in 
the nanofiber increased.  
 
While Figure 2 shows that PAN forms the ideal nanofiber, the nanofibers containing PEG2000 give the appearance 
of agglomeration in places. The higher the PEG 2000 percentage, the greater the agglomerations. Studies have also 
shown that the fiber form disappears for higher molecular weight (PEG20000). 
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Table 1. DSC data for PAN and 10%PEG2000, 20%PEG2000 35%PEG2000 nanofibers 

 Melting point (℃̊) Melting enthalpy 
(j/g) 

Crystalline point 
(℃) 

Crystalline 
enthalpy (j/g) 

%10PEG2.000 42.8   1.81 20.7 2.30 
%20PEG2.000 44.9 39.39 34.3 39.03 
%35PEG2.000 43.5 46.32 32.3 45.47 
PAN - - - - 

 
 

 
Figure 2. SEM images of A) PAN Nanofiber (10X) B) PAN Nanofiber (50X) C) 10% PEG2000 Nanofiber 

(10X) 10% PEG2000 Nanofiber (10X)  
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ABSTRACT  

In this study, a thermochromic system (TS) consisting of a fluoran dye as a leuco dye, phenolphthalein as a color 
developer, and 1-tetradecanol (TD) as a solvent have been prepared and successfully microencapsulated in 
poly(methyl methacrylate) (PMMA). Microcapsules containing different type of fluoran dyes were synthesized to 
produce different color microcapsules and characterized. Also, phase transition temperatures and enthalpies, 
morphology, and particle size distributions of the microcapsules were analyzed deeply.  

Keywords: thermochromic system, microcapsule, fluoran dye  

 
INTRODUCTION 

Smart materials response to external stimuli, such as temperature, pressure, light, pH, magnetic and electric fields via 
changing their properties. One of these materials is thermochromic dyes which change their color as a response to a 
change in temperature. Thermochromic materials change their color as a response to a change in temperature. They 
typically include materials made from liquid crystals, leuco dye systems, gold or silver nanoparticles, quantum dots, or 
dye−polymer blends [1]. The most commonly used types are liquid crystals and leuco dyes. Leuco dyes are electron 
donors and pH sensitive like spirolactones, spiropyrans, or fluorans. Leuco dyes which like spirolactones, spiropyrans, 
or fluorans are pH sensitive and electron donors [2]. Leuco dyes have been generally used as a component of the 
ternary thermochromic systems as color former. Ternary systems based on reversible color change of a color former 
by means of a color developer in a solvent medium are called as thermochromic systems or pigments. In the systems, 
the dye interacts with the developer to form one color when the solvent is in the solid form, while upon heating and 
melting of the solvent, this interaction is lost, forming an alternate color. Thus, the color change of the leuco dye system 
is controlled by the melting or crystallization of the long-chain solvent [1,3]. Evidently, such a reversible thermochromic 
behavior for thermochromic system involves the solid–liquid phase transitions, which can effectively absorb and release 
the thermal energy from environment as well as can monitor the state of solvent by color variation [4]. Recently, 
thermochromic systems (TSs) began to take place among the important materials in the production of materials 
exhibiting dual functional performances of temperature indication and thermal energy-storage. Thermochromic systems 
need to be microencapsulated prior to application to end products in many fields.  
 
In this study, the thermochromic microcapsules containing ternary thermochromic system were prepared via emulsion 
polymerization method, and their thermal and thermochromic properties were explored. Thermochromic system was 
used as core and poly(methyl methacrylate) was synthesized as the polymeric shell material. Thermochromic systems 
were comprised of fluoran type leuco dyes, phenolphthalein as color developer, and 1-tetradecanol as solvent. 
Morphology, particle size distribution, and thermal properties of the microcapsules were determined by SEM, particle 
size analyzer, and DSC, respectively. Color-change behaviour of microcapsules depending on temperature was 
investigated digital camera photographs. To prove the presence of thermochromic systems in the microcapsules, FT-
IR spectroscopy was used. 
 
MATERIALS AND METHODS  

2-Anilino-6-dibutylamino-3-methylfluoran (Colorant-1, from abcr GmbH), 6’-(Diethylamino)-1’,2’-benzofluoran 
(Colorant-2, from abcr GmbH), 7-Anilino-3-diethylamino-6-methyl fluoran (Colorant-3, from abcr GmbH), 
phenolphthalein (PP, Carlo Erba), and 1-tetradecanol (TD, Alfa Aesar, 97%) were used as received without further 
purification. Methyl methacrylate (MMA, Sigma Aldrich, 99%) and ethylene glycol dimethacrylate (EGDM, Sigma 
Aldrich, 98%) were also used as received. PEG 1000 (Alfa Aesar) was the surfactant as 2,2′-Azobis(2-
methylpropionamidine) dihydrochloride (Aldrich, 97%) was initiator. The most effective ratio among components of 
TS was determined as 0.55/0.09/6.42 (Colorant:PP:TD) at 70-80 ℃ till homogeneous mixture. Core/shell ratio of 
microcapsules was selected as 1:0.5. At first, 6.5 g of TS as core material and 2 g of PEG1000 were mixed in 100 
ml water at 50 ℃ at a speed of 2000 rpm. Secondly, a total of 3.25 g monomer, 1.35 g cross-linker, 1 g 2,2′-Azobis(2-

methylpropionamidine) dihydrochloride were added into the emulsion at 2000 rpm and heated to 80 ℃ under nitrogen 
atmosphere. At the end of the stirring time of 3 h, the emulsion was washed several times by using water at 70 ℃ 
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and filtered. The photographs, SEM images and particle size diagrams of the produced microcapsules were given in 
Fig. 1.  

 

   

   

   

   

PMMA/TS-1-11 with TS containing 
Color Former -1 

PMMA/TS-1-12 with TS containing 
Color Former -2 

PMMA/TS-1-13 with TS containing 
Color Former -3 

Fig. 1. The photographs, SEM images and particle size diagrams of the microcapsules 

 

CONCLUSIONS 

The reversible color changed PMMA microcapsules with a predetermined TS have successfully been prepared and 
microencapsulated in order to apply fabrics. The particles produced had considerable thermal energy storage capacity 
(178-198 J/g) at the phase change temperature slightly lower than TD precursor. 
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ABSTRACT 

The present study develops a charging station for electric vehicles a solar energy-based integrated with hydrogen which 
is deployed as an energy storage option. It is primarily integrated into the system as an energy storage method in order 
to manage solar energy changes during the day. Thus, it is aimed to achieve the demand side load-levelling in the 
charging station with hydrogen. The present integrated system is further assessed through both energy and exergy 
efficiencies. At the end of the study, these energy and exergy efficiencies are observed to be 20% and 32%, 
respectively.   

Keywords: Charging station; Electric vehicle; Energy Storage; Hydrogen; Solar energy 

 
INTRODUCTION 

It is crystal clear to everyone that electric vehicles are considered a major option to reduce carbon emissions, as long 
as electricity comes from renewables, in the transportation sector, which is responsible for almost a quarter of carbon 
emissions around the world. The influence of electric vehicles on grid loads is ever-increasing because of the 
increasing number of electric and plug-in hybrid vehicles. The power infrastructure required by the charging station 
is one of the biggest obstacles to broadcasting the use of electric vehicles for both individual and mass 
transportations. Therefore, meeting the energy demand of the charging station in a sustainable way is one of the 
most significant topics. 

Renewable energy sources are promising options for the charging stations of electric vehicles like in every field. The 
main problem in including renewables in energy systems is their intermittent behaviours. Energy storage (ES) 
techniques are the key solution to solve challenges in renewables. ES methods can extend their availability period 
or balance the fluctuating behaviours. Today, many ES methods are practically used in engineering applications from 
various sectors. Hydrogen is a promising technology for a sustainable future, and today, it is included in almost all 
sectors. In near future, it is expecting that hydrogen-driven systems will be common with the extension of the 
hydrogen economy all around the world. Hydrogen is a significant energy storage medium due to its high energy 
storage density. 

This study presents a solar-driven and hydrogen integrated charging station for electric vehicles where hydrogen is 
produced cleanly and used as a green energy storage solution for balancing the energy supply profile in order to 
minimize the need for grid supply. A case study from Kayseri, Turkey is presented for different capacity charging 
stations. 

SYSTEM DEVELOPMENT AND DESCRIPTION 

Figure 1 demonstrates the system layout of the proposed integrated system. Solar energy is converted to DC electricity 
in the PV panel. In a standard solar energy-driven charging station, the converted electricity in the PVs is directly sent 
to the charging station to meet the demand through boost and bidirectional converters. The difference between the 
demand and solar energy due to fluctuating behaviour of solar energy is met by grid energy. Here, hydrogen, as an 
energy storage solution, can play a significant role in minimizing the need for grid power. The excess solar energy can 
be used to produce hydrogen for later use when both the solar radiation is lower and none. For this purpose, an 
electrolyzer, hydrogen compressor, hydrogen storage tank and chiller are integrated into the system.  

In this work, a charging station has 100 kW of power capacity has been modelled in Kayseri, Turkey conditions. The 
public transportation works between 6:00 - 23:59 during the day. The total PV area is 2000 m2. Crystalline silicon-based 
PV panels that have about 0.20 of efficiency have been used. Figure 2 shows the hourly electricity capacity transformed 
from solar energy and the energy demand of the charging station. It is clear from Figure 2 that solar energy provides 
enough power to the charging station between 07:00 and 17:00. Also, between 08:00 and 16:00, there is excessive 
power generated by PV panels. This excess power capacity is used for generating hydrogen for later use in the early 
morning and after 17:00. 

In the proposed integrated system, hydrogen is generated by an electrolyzer. 50-55 kWh of energy is needed for 1 kg 
of hydrogen production. The produced hydrogen is compressed up to 300 bars to store in a pressurized tank. For safety 
concerns, the hydrogen should be cool down below 80 °C with a chiller group. The hydrogen is used for power 
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generation in the fuel cell in order to meet the power demand of the charging station when solar radiation is not adequate 
and nighttime. In order to generate 1kWh energy 0.072 kg of hydrogen is needed. In order to assess the system, a 
thermodynamic analysis based on energy and exergy calculations is performed for a comparative evaluation. 
 

 
Figure 1. A schematic view of the solar energy driven and hydrogen integrated charging station for electric vehicles 

 

 
Figure 2. An illustration of the daily load distributions of the solar energy and charging station energy demand 

 

CONCLUSIONS 

In this study, the following key conclusions are obtained: 

• The energy and exergy efficiencies of the proposed system are calculated to be 0.14 and 0.21, respectively. 
The exergy efficiency is higher than energy efficiency as the exergy content of the solar radiation is higher than 
the energy content at the source.  

• The system would require 719 kWh of grid energy if the hydrogen energy storage systems had not been 
included in the system.  

• The proposed charging station can work without requiring any grid power additionally. 

• The system can be optimized for minimize the number of solar panels. 

• A comprehensive power management and control systems are needed for future.  
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ABSTRACT 
The need for water is increasing day by day due to human activities and necessities. Within the scope of sustainable 
environmental policies, certain restrictions are imposed on water use to shift the industry to adopting reuse methods. 
Therefore, in this study, a photoelectrocatalytic reactor is developed and utilized to treat and reuse the textile 
wastewaters. The treatment efficiencies and hydrogen production rates are compared under various applied potentials. 
The ion recovery efficiencies are 0.37, 0.39, 0.55, 0.66, 0.87, and the color removal efficiencies are 0.96, 0.95, 0.91, 
0.75, 0.74 for 1.7, 1.9, 2.1, 2.3 and 2.5 V, respectively. The hydrogen production rates are measured as 0.024, 0.041, 
0.061, 0.170, 0.302 mmol/h, respectively.  

Keywords: Photoelectrochemical method, hydrogen production, ion removal, wastewater treatment, reuse 

 
INTRODUCTION 
Photocatalysis is the process of performing chemical reactions with a catalyst that becomes active under the light. An 
electron in the valence band of the photocatalyst activated under light moves to the conduction band. The resulting 
electron-hole pairs and the energy released due to returning electron movement form the basis of photocatalysis 
reactions. However, the electrons moved to the conduction band return to the valence band quickly, negatively affecting 
the photocatalysis efficiency [1]. Therefore, the photoelectrochemical (PEC) method has been developed. In the PEC 
method, the existence of electron-hole pairs is increased by applying an external electric current to the system. Although 
it is frequently used in organic matter removal and hydrogen production, it is not an efficient process for ion separation 
[2,3]. However, electrodialysis is used for ion separation and chemical purification by adopting anion and cation-
selective membranes. 

This study aims to combine electrodialysis and PEC methods. In the developed reactor, wastewater is cycled between 
anode and cathode cells for treatment. Positive and negative ions are collected in the concentrate cell located between 
the anion and cation exchange membranes with the applied electricity. While photoelectrocatalysis reactions occur in 
the anode cell, hydrogen production is carried out in the cathode cell, and ion recovery is carried out in the concentrate 
cell. 

 

(a) 

 

(b) 

Figure 10. Graphical representation (a) and working prototype (b) of the developed PEC reactor 
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MATERIALS AND METHODS 
A PEC reactor with cation and anion-selective membranes was used in this 
study. Figure 1 shows the PEC reactor used in the study. Both anode and 
cathode cells are separated with anion and cation exchange membranes that 
were purchased from PCCell GmbH. The stainless steel (Grade 316) coated 
with TiO2 nanoparticles was used as the photoanode. Also, uncoated 
stainless steel (Grade 316) is used as a cathode. The ions are collected in the 
concentrate cell in the middle. The studies were carried out by illuminating the 
photoanode cell with UV light. The current produced by the system under 
different voltages was measured using a Gamry Reference 3000 potentiostat. The simulated textile wastewater 
cycled through the anode and cathode cells to conduct a treatment study. Table 1 gives the characteristics of used 
wastewater. A solution containing 0.025M NaOH cycled through the concentrate cell to decrease the resistance of 
the reactor. Conductivity, color, COD, the hydrogen production rate of the wastewater, and concentrate monitored 
under various applied electric potentials. 

RESULTS AND DISCUSSION 
Ion recovery efficiency increases when the applied potential is increased. The ion recovery efficiency was 0.37, 0.39, 
0.55, 0.66, 0.87 for 1.7, 1.9, 2.1, 2.3 and 2.5 V after 10 hours, respectively. However, it was observed that the ion 
transfer slowed down after a while due to concentration polarization. The hydrogen production capacity increases with 
increasing applied potential. Hydrogen production rate under 2.5V with illumination was measured as 0.302 mmol/h. 
The conductivity change and hydrogen production rate data are given in Figure 2. Although ion mobility increased with 
increasing voltage, it had an adverse effect on color removal. The color removal efficiency was found to be 0.96, 0.95, 
0.91, 0.75, 0.74 for 1.7, 1.9, 2.1, 2.3 and 2.5 V, respectively. Although the color removal efficiency in wastewater at 
higher voltages was decreased, no COD and color change occur in the sample obtained from the concentrate cell. In 
this case, it is possible to reuse the produced concentrate. 

(a) (b) (c) 

Figure 11. Conductivity measurements of wastewater (a), concentrate (b) over time, and hydrogen production rate 
of the reactor (c). 

 

CONCLUSIONS 
In this study, a PEC reactor capable of ion separation, decolorization, and hydrogen production was developed, built 
and tested. As a result of the study, the treatment and recovery efficiencies of the system are measured. Accordingly, 
the concentrate obtained was at a reusable state, and the system was also able to produce hydrogen satisfactorily. 
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Table 5. Characteristics of the 
simulated textile wastewater 

Parameter Value 

Conductivity, mS/cm 44.2 

NaOH Concentration, M 0.25 

COD, mg/L 2480 

Color, PTU 1320 

pH >13 
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ABSTRACT 

Cryptocurrency mining energy consumption resulted emissions stem from electric usage and electronic waste due 
to up-to-date mining hardwares are at peak. Climate impact of bitcoin and Ethereum as well as cost comparison of 
cryptocurrencies, token economy with traditional finance are evaluated. It is seen that recorded peak levels of power 
consumption and consequent greenhouse gas emissions are not only limited to cryptocurrencies. Traditional finance 
global system also owns massive load for our demanding world economy, services, finance organs and data security. 
Important background prior to bitcoin mining future projection and potential energy demand estimations are presented 
by emphasizing the saturation of bitcoin supply curve. Up-to-date digital green solutions via proof-of-stake, novel 
suggestion to harvest mining waste heat and electronic waste awareness are presented. 

Keywords: Cryptocurrency, Climate Impact, Green-Coin, Bitcoin (BTC), Ethereum (ETH) 

 

INTRODUCTION 

As peer-to-peer decentralized finance is popularized by Bitcoin, resulted climate impact and regarding researches 
become additional figure of merit. Digiconomist’s energy consumption index highlights that Bitcoin (BTC) is 
responsible for the 0.15% of global energy consumption. According to CBECI’s study in 2019, annual electric 
consumption of bitcoin is increased from 7.55 GW [1] (66 TWh for 24/7 mining [2]) to 87.1 TWh [3]. In line with CBECI, 
Digiconomist estimation for bitcoin is 77.78 TWh. Marketcap is dominated with bitcoin and Ethereum (ETH) by 80 
and 10% [2]. Annual carbon footprint of bitcoin is 36.95 Mton CO2 emission (CO2). This emission value is equivalent 
of New Zealand. Annual electronic waste of bitcoin is 10.32 kton, equivalent e-waste of Luxemburg. Single bitcoin 
transaction results 332.69 kg CO2; 700.41 kWh, equivalent of daily consumption of 24 US-houses; and 93 gr of 
electronic waste [4]–[6]. For Ethereum, annual power consumption is 12.29 TWh, equivalent power need of Georgia. 
For single Ethereum transaction, power consumption is 30.16 kWh, equivalent of single US-house need per day [7].   
 
ANALYSIS AND DISCUSSION OF CLIMATE CHANGE IMPACT OF CRYPTOCURRENCIES 

To begin with, cryptocurrency and traditional finance comparisons are performed upon visa transaction. Electricity 
consumption ratio of single bitcoin transaction to visa is nearly 700k. While sceptics state this ratio as 4k [8],  Vries’ 
up-to-date data analysis shows that the possible peak of this ratio can only be 2k (765.4 kWh/ 0.4 kWh) [6]. Moreover, 
green-coin defenders state that credit card costs have to be estimated systematically. Since crypto-currencies’ 
systems and codes are is transparent and public, all actions are clearly calculated [9]–[11]. Evaluation of credit card 
costs requires deeper investigation by compromising dependent organs of banking system. As a result, banking costs 
consist even from ministries of finances (c1); central banks (c2); all actors in stock markets, investors (c3) and all 
employees’ income (c4); c1, c2, c3 and c4’s power consumptions, costs of meetings and expenses (c5), up to their 
physical system and data security (c6), data centres (c7), analytics (c8) and fraud detection (c9). In order to compare 
objectively, both traditional and crypto-economy systems need to be transparent so that related costs and impacts 
can be estimated accurately. Supportively, it is stated that finance sector’s impacts and energy consumption 
significantly greater than cryptocurrencies’ since it has accumulated information and occupies massive volume 
around the globe [6]. Power consumption of data centres is reported that five-times of all crypto-currencies [12]. Vries 
presents that the global banking system processes 6k times (482.6B/ 81.4M) more annual transactions than bitcoin, 
and per transaction origin, banking consumes minimum 1.2k (491.4 kWh/ 0.4 kWh) and maximum 2k (765.4 kWh/ 
0.4 kWh) less power than bitcoin. However, since total transaction is greater, resulted annual energy consumption 
of banking industry including c7 and ATMs increases up to 650 TWh [6], [13]. All in all, even crypto-finance and token 
economy’s fundamental philosophy are based on decentralized, autonomous and trustless cash system; 
requirements of society always set ministries, banks and financial organs present. Therefore, cost of cryptocurrencies 
in real societies would consist common fundamentals and be greater than current estimations. 

Another potential misleading statement is based on impossible assumptions of bitcoin mining. Mora et.al. states that 
the growth in bitcoin “at the rate of other popular technologies”, is capable to produce enough emission that forces 
global warming even beyond 2 degree Celsius “in three decades” [9]. The one major reason for this estimation to be 
exaggerated is that renewable empowered mining is ignored. Most importantly, research is based on incorrect 
assumption because bitcoin mining duration is limited and will be saturated at 2025, which is far less than three 
decades used in the estimation. Therefore, both in terms of increased hash rate and the level of crypto-puzzle, the 
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only forecast is that mining to be reduced and finalized. In the best possible mining scenario, there will be no bitcoin 
mining growth after maximum of 5-10 years. Coded controlled supply curve of bitcoin indicates that peak value (21 
M bitcoin) is reached in the year 2140. If 95% of saturation is taken, the upper limit is achieved in 2025. In other 
words, mining bitcoin is not a continuous action and future climate change impact estimations are not the case after 
5 years [11]. Another supporting reason for the final statement is that the halving. In contrast to proposed mining 
growth claims in literature, as the halving occurs almost every four years, since block reward decreased by half, the 
realistic trend to mine is more likely to decrease in saturation zone unless Bitcoin value hyper-inflate. 

 
CONCLUSIONS 

As a novel suggestion in literature, thermal energy generators (TEGs) are perfect candidate to harvest waste heat 
[14]–[16] of ASICs to electricity. Generated energy can be redirected as a cascade cycle back to ASICS as well as 
other electronic devices or sensors monitoring mining facilities.  

Alternative energy consumption solution is that setting the green blockchain consensus mechanism: Buterin, founder 
of Ethereum, together with Ethereum stake holders are about to fork Ethereum network with sustainable alternative, 
Ethereum 2.0 with a PoS (proof of stake) [4], [5], [8]. Once dominant network activity is on PoS, reduction of electronic 
wastes due to decreased mining procedure is also expected. Mining inactivity may first pose vast amount of ASIC 
waste. Planning measures to reuse, recycle and reduce the future e-wastes shall be reconsidered for green 
perspective. 
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ABSTRACT  

The main objective of this study is to investigate the effect of operating temperature on the energetic performance of 
SOFC integrated supercritical carbon-dioxide (s-CO2) micro-gas turbine (m-GT) with intercooling system. 
Consequently, it is noticed that, based on the amount of heat production from SOFC, the energy performance of the 
system increases with the rise of SOFC operation temperature. Moreover, at the constant SOFC operating temperature, 
the energy performance of the system goes up with the increase of MGT inlet temperature. 

Keywords: SOFC, hydrogen, exergetic efficiency, current density, rational overpotential.  

 

INTRODUCTION 

Power generation systems that use traditional steam Bryton and Rankine cycles can be upgraded to s-CO2 to 
increase efficiency and power output [1]. A wide range of open and closed Brayton and Rankine cycle systems 
employing s-CO2 as the working fluid have been proposed for power generation applications. The benefits of the s-
CO2 cycles are high efficiency in the mild turbine inlet temperature region and a small physical footprint with a simple 
layout, compact turbomachinery, and heat exchangers. Several heat sources including nuclear, fossil fuel, waste 
heat, and renewable heat sources such as solar thermal or fuel cells are potential application areas of the s-CO2 [2]. 
In these systems, s-CO2 is the main working fluid. The s-CO2 effectively captures waste heat from sources such as 
turbine exhaust or other hot gases because of single-phase characteristics well above the critical which permits a 
higher fluid temperature extremely matching to the heat source temperature profile [3].  

Micro-gas turbines (m-GT) are energy generators whose capacity ranges from 15 to 300 kW and they offer several 
typical features, such as: variable speed, high speed operation, compact size, simple operability, easy installation, 
low maintenance, air bearings and low NOX emissions [4]. In energy integration systems, SOFCs have attracted 
considerable interest in domestic and industrial applications considering their competitive advantages such as higher 
energy efficiency, lower pollutant emissions, fuel extensibility, and highly operational temperature which allows a 
variety of cogeneration possibilities [5] Moreover, micro-gas turbine integrated fuel-cell power systems with multi-fuel 
capability and remarkable overall efficiency has come forward [6,7]. 

 
SYSTEM DESIGN AND OPERATION 

It is planned to gain opportunity to increase electrical efficiency and power output of SOFC system by integrating a s-
CO2 intercooling layout cycle to the SOFC system while using the waste heat of SOFC. For this purpose a novel planar 
SOFC integrated S-CO2 Micro-Gas Turbine power system which is given in the Fig.1 is designed. 

 

Fig.1. Schematic illustration of SOFC integrated s-CO2 Micro-Gas Turbine power system 

System performance can be calculated as 

ηsys =
ẆSOFC+ẆMGT−ẆC1−ẆC2+Q̇CL1+Q̇CL2

ĖH2,in(SOFC)+Ėair,in(SOFC)
            (1) 

where, Q̇SOFC, ĖH2,in(SOFC)  and Ėair,in(SOFC) indicates amount of heat transfered to s-CO2 Bryton cycle from the SOFC, 

energy input to the SOFC by H2 fuel and energy input to the SOFC by air which is used as oxidant respectively. 
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RESULTS AND DISCUSSION 

In this study a planar solid oxide fuel cell (SOFC) integrated supercritical carbon-dioxide (s-CO2) micro-gas turbine with 
intercooling system for residential applications. SOFC system is accepted as the base system. That’s why only SOFC 
operation temperature is changed which resulted change in power and heat generation. Fig.2 shows the variations of 
Bryton Cycle efficiency and total system efficiency as a function of SOFC efficiency.  

 

Fig. 2. The variations of Bryton Cycle efficiency and total system efficiency as a function of SOFC efficiency. 
 
CONCLUSIONS 

System efficiency increases (from 0.395 to 0.580) with the rise of SOFC efficiency (from 0.248 to 0.498) and at a 
constant SOFC efficiency system efficiency increases with the rise of Bryton Cycle efficiency.  
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ABSTRACT 

This paper presents the performance assessment of vapor compression refrigeration system (VCRS) that is used for 
electronics cooling application experimentally. The system includes a compressor, two evaporators, a condenser, 
and an expansion valve. The working fluid in the system is R134a and the evaporator has a copper pipe with a length 
of 2800 mm and a diameter of 3 mm. The condenser is considered as a microchannel heat exchanger with 28 tubes, 
6 passes. The system is tested at ambient temperatures of 24°C, 40°C and 55°C. The heaters are operated at 360 
W and 180 W for half an hour. In tests at different ambient temperatures, compressor and fan speeds are also 
changed to improve cooling performance. The surface temperature of the compressor is taken into account in order 
not to cause any malfunctions during the test. While the cold plate temperature decreased at 24°C and 40°C, the 
compressor temperature remained in the operating range at the same time. However, in the test performed at 55 
degrees, the compressor surface temperature reached the maximum operating temperature. 

Keywords: Vapor compression refrigeration system, Electronic cooling, Thermal management. 
 
INTRODUCTION 

Thermal management of electronic components becomes a significant engineering task to use computer technologies 
more reliable and faster in the last decades. The cooling systems used in computers are usually passive cooling and 
forced convection. However, these systems are insufficient due to restricted application volumes and low performance 
at high temperatures. The main objective of this work is to conduct an experimental study on a compact vapor 
compression refrigeration cycle to be used for computer cooling systems under high cooling requirements. Through the 
presented cooling system, the cooling performance of the system is presented to keep the device temperature below 
the operating temperature, which ensures the reliable operation of electronics. 
 
EXPERIMENTAL DESIGN AND TEST METHOD 

The VCRS comprises four main components: two evaporators, a compressor, a condenser, and an expansion valve. 
Moreover, there are secondary elements such as fan, dryer, sight glass, temperature sensors, pressure manifolds, 
and heater plates (as shown in Error! Not a valid bookmark self-reference.). The refrigerant circulating through 
the system is R134a. The condenser is considered a micro-channel heat exchanger. Evaporator pipes are used on 
the two side walls of the case. The copper pipe used for each evaporator has a 3 mm inner diameter, 2800 mm 
length, and wall thickness of 1 mm. The compressor is operated at a temperature of 54oC, and speed control is done 
according to different heat loads. The expansion valve is an automatic expansion valve, while the fan is the DC axial 
compact fan with an air flow rate is 710 m3/h. Pressure manifolds and temperature sensors are put to use in order to 
measure pressure and temperature, respectively throughout the experimental study. The heaters that represent the 
case and can provide a total heat load of 360 W.  

                                                                                                                                                         
Fig. 1. Schematic diagram of VCRS. 
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CONCLUSIONS 

The system is operated at full load for 30 minutes and at half load for 30 minutes. The test is continued until the 
temperature becomes stabilized. Fig. 2a shows that the system is started when the sidewall temperature reaches an 
average of 70°C. The fan and compressor speeds are found as 1050 rpm and 2300 rpm, respectively. The cold plate 
temperature varies between 27°C - 38°C in the condition of equilibrium period. The low-pressure value is in the range 
of 3.4- 3.7 mPa, the high-pressure value is in the range of 12 -13 mPa. The condenser side is at a minimum 
temperature of 24 °C and a maximum of 44 °C, and the temperature on the evaporator side is at 42 °C. Fig. 2 (b) 
shows the cold plate temperature at 40 °C ambient temperature. The fan speed is at 3500 rpm and the compressor 
at 3000 rpm. The operating pressure of the system is in the range of 3.5 -12 mPa. The condenser side is at a minimum 
temperature of 29 °C and a maximum of 42 °C, and the temperature on the evaporator side temperature is in the 
range of 25 -39 °C. Fig. 2 (c) also shows that the cold plate temperature of system at 55°C ambient temperature. 
The fan speed is at 7000 rpm and the compressor at 5000 rpm. The maximum dome temperature of the compressor 
is 115 °C, and during the test, the surface temperature almost reached these points. Although high fan and 
compressor speed were used, the cold plate temperature of the system was stable at values close to the initial 
temperature. The designed system is not suitable to be operated at high ambient temperature for a long time for 
electronic cooling. It is possible to damage the compressor and other system components. It is safer for the system 
to be used in places where the ambient temperature is 40°C and below.  

 

 

 
Fig. 2. Cold plate temperature under part-time load at ambient temperatures of 24 °C (a), 40°C (b) and 55°C (c). 
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ABSTRACT 

Energy systems in nanodevices constantly demand new developments. Interfacial Thermal Resistance (ITR) is one of 
those developments that is significant in understanding and tackling thermal transport technologies in nanoscales. The 
thermal transport at the interfaces of solids and liquids has been a measurement challenge for various nanoscale 
applications. Since materials would be considered as the bottlenecks to improve the energy performance of the 
systems, understanding the ITR of solids and liquids has an important role for nanodevices. Therefore, we have applied 
the non-equilibrium Molecular Dynamics (MD) method to investigate the ITR between liquid water and transient metals. 
We have comprehensively evaluated ITR of metal nanochannels filled with liquid water. We subsequently carried out 
MD simulation for gold (Au), silver (Ag), platinum (Pt), lead (Pb), palladium (Pd), and nickel (Ni) metals placed on each 
side of water creating a nanochannel system. The mean temperature of water was kept constant among the solid walls 
during the simulations and it was changed from 300 K to 600 K in increment of 50 K. We finally concluded a direct 
relation of ITR between temperature change and heat flux.  

Keywords: Molecular Dynamics, Interfacial resistance, Water, Metals 

 
INTRODUCTION 

Interfacial Thermal Resistance (ITR), also known as Kapitza resistance (𝑅𝐾), is the ratio of temperature difference (∆𝑇) 
between solid and liquid interface and the heat flux (�̇�) through the system (𝑅𝐾 = �̇� ∆𝑇⁄ ). To measure ITR, molecular 
dynamics (MD) simulation is chosen because of its deterministic approach to the systems, hence we can predict the 
atoms and molecules’ final positions using the required interatomic force fields. In this study, reversed non-equilibrium 
MD simulations are conducted for a solid–liquid–solid system to determine the ITR values for solid metals and liquid 
water. Solid metals are constructed using Face Centered Cubic (FCC) lattice structures. Overall, understanding thermal 
interfaces between water and these metals enable us to design more energy efficient nanodevices especially in thermal 
design applications.  

 
MATERIALS AND METHODS  

Figure 1 schematically shows the nanochannel system for MD simulations. A FCC solid metal structure was built and 
then placed on each side of the water box creating sandwiched system. For this study, Polymer Consistent Force Field 
(PCFF) is used for the interatomic interactions for metals atoms and water molecules. 
 

 
Fig. 1. Nano channel system for MD simulation set-up (Gray particles represent metal atoms. Red-White particles 

represent H2O molecules.). 
 
For required PCFF parameters for water and metals, we have used Fritz and Hofmann’s work [1] and Heinz et al. paper 
[2], respectively. LAMMPS code is used for MD simulations. 
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NVT and NVE ensembles were applied to equilibrate the system and measure necessary parameters to find out the 
ITR. For reverse non-equilibrium MD (or Muller – Plathe Method), the temperature gradient is measured with respect 
to imposed heat flux.  
 
RESULTS AND DISCUSSIONS 

Figure 2 shows temperature jumps at the interface of Au and Ag nanochannels. Even though temperature change at 
the interface is small, we have to consider additional ITR in our nano devices. Table 1 shows the detailed version of 
temperature jumps with respect to ITR and the heat flux through the Au nanochannel. We can observe that ITR 
increases as temperature increases. 
 

 
Fig. 2. Temperature dependence of Interfacial Thermal Resistance (ITR) including standard deviation as error bars 

 
We also thoroughly compared Au and Ag results with a given literature [3, 4]. As can be inferred, we conclude that ITR 
increases with the temperature increase and the heat flux decrease. This relation would help us for the calculation of 
the one-dimensional heat conduction by including additional ITR between solid and liquid of any nano engineering 
problems. 
 

Table 1. Detailed data for Au nanochannel 

Temperature  
(K) 

�̇�  
(W/m2K) x108 

∆T  

(K) 
RK  

(m2K/W) x 10-8 

300 3.6532 3.3186 0.9084 

350 4.3608 5.0245 1.1522 

400 4.9092 4.4693 0.9104 

450 5.6780 5.9937 1.0556 

500 6.1082 7.2619 1.1889 

550 6.8604 7.9214 1.1547 

600 7.3608 9.5125 1.2923 
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ABSTRACT 

Core-shell nanostructured models are one of the ways of integrating Carbon NanoTubes (CNTs) into thermal 
applications. This study performed with Non-Equilibrium Molecular Dynamics (NEMD) simulations to analyze the 
thermal properties of coaxial nanostructure of Copper (Cu) core and Single-Walled Carbon Nanotube (SWCNT) shell. 
The thermal conductivity Cu-SWCNT as a function of length are examined. Since the pristine SWCNT has the highest 
thermal conductivity value, as SWCNT is filled with Cu, the thermal conductivity decreases. 

Keywords: core-shell, molecular dynamics, copper-carbon nanotube, thermal conductivity 

 
INTRODUCTION 

There have been worthy innovations in microfabrication technology, micro-and nan-electromechanical systems, 
quantum structures, and computer technology. As these improvements evolve, newly design and manufactured 
devices must work under heavily loaded operations. In particular, the growing energy demand for advanced electrical 
energy systems such as high-efficient electronic components and supercomputers highlights the need to design 
advanced thermoelectric energy systems. These devices generate heat by the production of operation. When 
operated, these devices generate heat; therefore, overheating and heat transfer rates become critical problems. 
Thus, many studies have been done to solve these problems since overheating negatively affects material structures, 
mechanical and physical properties. 

This continuing issue has become more important as the size of electronic devices reaches micro-and nano- sizes 
with the improvements in science and technology. At this scale, heat dissipation is a crucial problem for thermal 
systems because heat transfer impacts electrical and thermal performances, reliability, life, and physical properties. 
Design, optimization, and new materials are necessary to attain thermally conductive materials to keep the systems 
under the required working conditions and make cutting-edge nano-sized devices available for future applications 
[1]. 

Carbon-based low-dimensional materials have received great attention and exhibited promise in the field of 
nanotechnology owing to their exceptional mechanical, electric, optical, and thermal properties for integration in the 
next generation of energy-efficient nanoelectronic devices. Since CNT was discovered, it has been the focus of 
extensive research because of its unusual electrical, mechanical, and thermal properties. Among the carbon 
allotropes, differences in the scattering processes enable CNTs to have better thermal conductivity than graphite and 
diamond. CNT in a thermal application can play an important role in reducing oxidation, obtaining ultra-thin material, 
and enhancing thermal conductivity. 

Apart from the fascinating properties of pristine CNT, the integration of CNT in thermoelectric applications is limited. 
Consequently, this issue has raised people’s motivation. A remarkable amount of research efforts have been 
conducted on discovering, designing, and manufacturing other 1D structural analogs of CNT and their integration in 
electronic, thermal, and thermoelectric applications. In addition to its high thermal conductivity, the unique properties 
of CNT such as hollow space, high aspect ratio, and mechanical stiffness enable CNTs to integrate with various 
materials to enhance their application areas. Some researchers have chosen to manufacture CNT fill various 
including water, fullerene, and metals. Among these filling materials, copper is the most widely used thermoelectric 
material for electric and heat transfers. Copper has high electrical and thermal properties, low binding energy toward 
carbon, and is cost-effective. The core-shell metal-CNT nanowires have potential characteristics for thermal medical, 
power, and data storage applications [2]. 

Thermal properties are the main issue in our current work that we study with Cu-SWCNT core-shell hybrid nanowires. 
The thermal conductivity of the CNT filled with copper is obtained versus sample length and two edge directions 
using the nonequilibrium MD simulation. 

 
SIMULATION DETAILS 

We have modelled a core-shell structure that has SWCNT as a shell and Cu nanowire as a core with various lengths in 
order to predict the thermal conductivity of core-shell Cu-SWCNT. The heat transport is mostly by phonon in 
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semiconductors and semimetals, and the electron effect can be negligible. In contrast, the electron contribution 
dominates in metals. The current study calculates the phonon thermal conductivity of Cu-SWCNT in a longitudinal 
direction using MD simulations. 
Two different approaches can be used to predict phonon thermal conductivity using molecular dynamics (MD) 
simulation: The Green-Kubo formula in equilibrium MD (EMD) or Fourier’s law in nonequilibrium MD (NEMD) 
simulations. These two methods have been used for various materials with different dimensions in the literature. The 
Green-Kubo method is an equilibrium technique from the time decay of heat flux fluctuations based on the fluctuation-
dissipation theorem. The NEMD instead calculates the thermal conductivity based on the resulting temperature 
gradients. Through this method, heat flux is created from two thermostatted reservoirs held at different temperatures 
and applied to a simulation cell along the direction of interest. From the imposed heat flux and steady-state temperature 
gradient from the result of the simulation, the thermal conductivity is calculated from Fourier’s law. The NEMD method 
was used in this study to predict the thermal conductivity of a SWCNT filled with copper nanowire. The intra- and inter-
atomic potentials influence the results. It pushes us to choose and apply them preciously. Tersoff and AIREBO potential 
are the two most common potentials that calculate the C-C interactions in the SWCNT. The embedded-atom method 
(EAM) is the one methods that has been used for metal and it successfully describes the Cu-Cu interaction in core 
copper. The Lennard-Jones interaction potential is used for core-shell. Two buffer parts are placed at the two edges of 
the hybrid nanowire. The heat flux is imposed using two thermostats to two edges after the buffer parts. During the 
simulations, the energy changes were monitored to calculate the heat flux. Using the heat flux and temperature gradient 
of the hybrid nanowire, the thermal conductivity is calculated from Fourier’s law. 
 

CONCLUSIONS 

Through the NEMD simulation study, unfilled SWCNT and Cu-SWCNT structures are simulated. The pristine copper 
nanowire could not be simulated because it has an ultra-small diameter, and it did not keep its nanowire shape during 
the simulation. The thermal conductivity result for a pristine SWCNT closely agree with published literature. This is 
more so the case as structure length increases. The Cu-SWNCT results show similar behavior, however, the thermal 
conductivity results are exhibit lower than that pristine SWCNT. The length effect of the thermostatic region on the 
thermal conductivity has more effect than the buffer region, and thermal conductivity increases as structure length 
increases. When the copper fill ratio is examined, the thermal conductivity decreases as the fill ratio increases. 
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ABSTRACT 

Excessive solar irradiance in hot and humid regions causes elevated temperature inside the agricultural greenhouses. 
The higher temperatures inside the greenhouses can damage plants, and effective cooling is required for optimal 
growth of the crop. A novel sun-tracking roof for the greenhouse is proposed in this study, which incorporates hot 
mirrors, semi-transparent crystalline silicon (c-Si) photovoltaics, and Indium Gallium Arsenide (InGaAs) solar 
photovoltaics for optimal spectra management and power production. The spectra management results in reducing 
cooling load inside the greenhouse, and power generated from solar panels can be used to operate the vapor 
compression cooling system. The visible spectrum (400nm – 750nm) of sunlight, which plants utilize during 
photosynthesis, transmits through the hot mirrors inside the greenhouse while solar radiations having a wavelength 
greater than 750 nm are reflected to InGaAs solar photovoltaics for power generation. The proposed greenhouse 
roof is capable of about 33% reduction in the cooling load compared to the conventional greenhouse during the 
summer season for a set greenhouse temperature of 28oC. The solar panels installed on the novel roof will provide 
about 51% of the total energy required for cooling the greenhouse. 

Keywords: Agriculture, Hot mirrors, Spectrum selection, Solar Panels  

 
INTRODUCTION 

Food security and agriculture production is threatened by urbanization, salinization, desertification, and degradation 
of the environment by humans. Greenhouses are being proved to be an effective technique even in rough 
environmental conditions. The temperature has a significant impact on plant growth, and it is maximum at the 
optimum temperature, which may vary from plant to plant. The plants use some portion of the visible spectrum of 
sunlight during photosynthesis. The remaining portion of the solar spectrum leads to an increase in the temperature 
of the greenhouse. In hot arid areas, where solar irradiance is available in abundance, this phenomenon results in 
significantly higher temperatures inside the greenhouses and thus higher cooling loads. 

Chavan et al. [1] applied smart glass film to a high-tech greenhouse. The smart glass film was able to block a 
significant portion of UV and infrared radiation. The application of film resulted in 19% reduction in photosynthetically 
active radiations. Mamouri et al. [2] theoretically investigated the reduction in the cooling load of a greenhouse by 
employing polymer hybrid metamaterials. The results revealed 25% reduction in cooling load with the usage of this 
material. Sajid and Bicer [3] proposed a novel integrated system for self-sustaining greenhouse. The spectrum 
selective nanofluid flows through the greenhouse roof, absorbing solar radiation in the infrared region. The nanofluid 
has higher transmittance in the visible spectrum and reduced the cooling load by about 26%. Alinejad et al. [4] 
integrated an adjustable photovoltaic blind system to a greenhouse. The system covered 19.2% of the roof and was 
able to generate 42.7 kWh/m2 annually. Excessive shading or illumination is the drawback of that system. 
Ravishankar et al. [5] integrated semi-transparent organic cells on the greenhouse structure. The proposed 
greenhouse showed lower energy consumption than the conventional greenhouse. The main differences of the 
proposed design against the existing literature can be summarized as follows: 

Existing systems provide partial shading using semi-transparent PV and do not utilize unwanted spectrum, which 
reduces system efficiency, while the proposed design uses unwanted spectrum for power generation. In existing 
systems, the semi-transparent PV may get overheated. In contrast, semi-transparent PV will not get overheated in 
the proposed method as PV will be near the greenhouse roof, which is at a lower temperature with active cooling. 
The existing systems do not use sun-tracking to reduce the greenhouse radiation input, while the proposed design 
uses sun-tracking to enhance power generation and optimal spectra management to reduce cooling load without 
compromising photosynthesis efficiency.  

MATERIALS AND METHODS  

This study proposes to permit only the needed portion of the solar spectrum into the greenhouse by a distinct technique 
of combining dielectric mirrors for spectrum splitting with semi-transparent c-Si and InGaAs photovoltaics, as illustrated 
in Figure 1. The cooling load of the greenhouse was computed using EQ (1) 
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Figure 12: Schematic representation of greenhouse with novel roof design 

 

�̇�𝑐𝑜𝑜𝑙𝑖𝑛𝑔 = �̇�𝑛𝑒𝑡,𝑟𝑎𝑑 + �̇�𝑐𝑜𝑣𝑒𝑟 + �̇�𝑐𝑟𝑜𝑝 + �̇�𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑 + �̇�𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛                                        (1) 

The  �̇�𝑛𝑒𝑡,𝑟𝑎𝑑 can be calculated using Eq (2).  

 

�̇�𝑛𝑒𝑡,𝑟𝑎𝑑 = (𝐴𝑓𝑙𝑜𝑜𝑟 (𝛼𝑓𝐼𝑇 + 𝜀𝑓𝜎(𝑇𝑠𝑘𝑦
4 − 𝑇𝑠

4))) + (𝐴𝑝𝑙𝑎𝑛𝑡𝑠 (𝛼𝑝𝐼𝑇 + 𝜀𝑝𝜎(𝑇𝑠𝑘𝑦
4 − 𝑇𝑠

4)))                                  (2) 

where 𝛼𝑓 is absorptivity of the floor, 𝜀𝑓 is the emissivity of floor, 𝐴𝑓𝑙𝑜𝑜𝑟 is the concrete floor area of greenhouse, 𝛼𝑝 is 

absorptivity of plants, 𝜀𝑝 is the emissivity of plants, 𝜎 is Stefan Boltzmann constant (𝜎 = 5.67 × 10−8𝑊/𝑚2𝐾4), Ts is 

surface temperature. The crop transpiration is given by Eq (3). 
 

�̇�𝑐𝑟𝑜𝑝 = 𝐴𝑓𝑙𝑜𝑜𝑟 × 𝐿𝐻 × (
𝑎𝐼𝑖

𝐿𝐻
+

ℎ𝑡(𝑝𝑠𝑎𝑡,𝑇𝑖
−𝑝𝑣𝑝,𝑇𝑖

)

𝐿𝐻𝜓𝑝𝑠𝑦
)                                                                 (3) 

where 𝐿𝐻 is the latent heat of vaporization of water, 𝜓𝑝𝑠𝑦 is psychrometric constant, 𝑝𝑠𝑎𝑡,𝑇𝑖
 is saturation pressure at 

temperature Ti, 𝑝𝑣𝑝,𝑇𝑖
 is vapor pressure at temperature Ti. The output power from the solar panels is given by Eq (4). 

 

�̇�𝑜𝑢𝑡 = �̇�𝑚𝑎𝑥
𝐼𝑖

𝐼𝑟𝑒𝑓
(1 − 𝜉(𝑇𝑐𝑒𝑙𝑙 − 25))                                                                  (4) 

where �̇�𝑚𝑎𝑥 is rated power of PV panel, 𝐼𝑟𝑒𝑓 is solar irradiance at which �̇�𝑚𝑎𝑥 occurred, 𝜉 is the power temperature 

coefficient. The SMARTS software developed by NREL was used to find the spectral irradiance being incident on 
wall and roof of the designed greenhouse. The Engineering Equation Solver (EES) software was used to solve 
equations during analysis.  

CONCLUSIONS 

In the present study, a novel roof design is proposed for greenhouses that incorporates hot mirrors, semi-transparent 
crystalline silicon cells, and InGaAs PV panels. The visible spectrum of sunlight was transmitted through the hot mirrors, 
while the infrared spectrum is reflected and incident on the InGaAs PV panels. The roof has a solar tracking system, 
which enables direct sunlight entrance to the greenhouse and maximizes the spectrum splitting and electricity 
production from PV panels. For similar conditions, the proposed greenhouse showed lower temperature than the 
conventional greenhouse. The proposed greenhouse roof is capable of about 33% reduction in the cooling load 
compared to the conventional greenhouse during the summer season for a set greenhouse temperature of 28oC. 
The proposed greenhouse can provide an average daily electrical energy of 2.11 kWh. 
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ABSTRACT  

Algae, which are photosynthetic creatures, are an important method of energy production, and recently there has 
been a growing interest in benefiting from the benefits of algae in an urban environment. The use of building facades 
as a microalgae growing area allows to form an insulating layer for energy conservation and act as a biomass 
reservoir that can be converted into active bio-energy for building use. A photobioreactor (PBR) resembles a double-
layer window with water and algae mixture inside. In this study, a water wall model was validated as a preliminary 
study for the thermal analysis of an indoor environment with a PBR integrated on one of its façades. The results were 
compared with the numerical and experimental results of the reference study. Parametric analyzes were then carried 
out to understand the thermal effects of the implementation of opaque wall material (concrete) instead of water wall 
as facade element or using air instead of water on the thermal behavior of the indoor environment.  

Keywords: Algae Window, Indoor Thermal Modelling, Photobioreactor, Water Wall 

 
INTRODUCTION 

Different types of mathematical modelling approaches are used to understand the dynamic variations inside the 
indoor, and considering the way in which the local temperature effect of indoor air is taken into account, modelling 
approaches are grouped into three as (i) lumped approach, (ii) two and three-dimensional thermal modelling, and (iii) 
computational fluid dynamics (CFD). The lumped approach (lumped model) considers a single temperature 
representative of the indoor air, completely ignoring local variations in the indoor air. Unlike the lumped approach, in 
2D and 3D thermal modelling approaches, indoor air is discretized into a finite number of control volumes, and spatial 
temperature distributions can be obtained. Here, local velocity values are obtained through simplified relations in flow 
analysis. In the CFD method, in addition to the energy equation, the continuity and momentum equations are solved 
iteratively for the entire solution region, and the indoor temperature, velocity, and pressure distributions can be 
determined in detail. 

 
MATERIALS AND METHODS  

As briefly outlined in the previous section, different models exist for modelling transient indoor heat transfer behaviour 
in the literature. Still, studies on mathematical modelling of the water wall or PBR integration are limited. As a result of 
an extensive literature review, it was decided to create a mathematical model of the indoor with integrated water wall. 
The study of Wu and Lei [1] was reproduced to validate the developed model. The schematic representation of the 
reduced mathematical model discussed in the study by Wu and Lei [1] is given in Fig. 1. In the schematic 
representation, the heat transfer mechanisms on each surface are symbolically indicated. The red arrows indicate 
the radiative heat transfer on the surfaces. The blue arrows represent the convection heat transfer on the surfaces. 
Pink lines indicate heat conduction in solid materials. The progress of solar radiation acting on the perspex surface 
from the external environment through the layers is illustrated with a yellow line. The explicit method was used in the 
temporal discretization of the energy equation, and central differencing was used in the spatial discretization. The 
accuracy and reliability of the explicit method hardly depend on the mesh number and time step size; that is, 
preliminary analyzes were carried out to assess the effect of the mesh number and time step size. 
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Fig. 1. Reduced mathematical model of indoor with water wall 

In Figure 2, the comparisons of water and indoor air temperatures obtained from the current code and retrieved from 
the reference study [1] are provided. The current predictions show similar trends as in the numerical and experimental 
findings of the reference work. Further Parametric analyses were carried out to evaluate the thermal effects of using 
opaque wall material (concrete) instead of a water wall as a facade element or using air instead of water on the 
indoor. The results obtained with different facade structures are given in Fig. 3. 

 
Fig. 2. Comparison of water and air temperatures between 11.05.2015-01.06.2015 [1] 

 
Fig. 3. Results obtained with different facade structures 

 
CONCLUSIONS 

It can be said that the numerical results obtained in the present study are generally compatible with the numerical and 
experimental results of the reference study. The highest indoor air temperatures were obtained with the facade structure 
using air instead of water (double glazing), while the lowest temperatures are obtained with the use of opaque wall 
material. The mean indoor air temperatures achieved with opaque wall, water wall and double glazing are 15.5934 °C, 
19.0486 °C and 19.7861 °C, respectively. 
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ABSTRACT  

Photovoltaic thermal (PVT) systems could be defined as solar cogeneration systems, and it is noteworthy in energy 
supply in terms of both electrical and thermal energy with a single panel. Within the scope of Nearly Zero Energy 
Buildings (nZEB), there is a remarkable potential of PVT systems based on phase change materials (PCMs) in suppling 
both electrical and thermal energy demand for both facade and roofing applications in buildings. In the PVT system, the 
phase change materials (PCMs) could be used to provide thermal energy after the sun set and to manage the heat load 
on PV. In the present study, a PCM based PVT system was modeled, established and tested under real meteorological 
conditions. The experimental results of ambient, inlet and outlet temperatures and solar radiation were presented. 
Temperature distribution of the system tested was analyzed. The system was modeled by ANSYS FLUENT. The model 
was verified by the real data. Optimum flow rate was investigated for the system. Maximum outlet temperature was 
achieved at 19 l/h flow rate. It was concluded that flow rates of 15-21 l/h could be used in studies as the ideal flow rate 
for PVT-PCM system with paraffin. 

Keywords: Photovoltaic thermal systems, Phase Change Materials, ANSYS Modelling, Optimization, Flow rate 

INTRODUCTION 

PVT systems are used to meet the thermal energy and to prevent the decrease in the electrical efficiency of PV 
systems. Within the scope of PVT-PCM systems, building integrated PV (BIPV) studies, there is a great potential in 
suppling energy demand for both facade and roofing applications in buildings. Although there are many numerical 
and experimental researches on PVT systems in the literature [1-10], there is no study on the modeling of these 
systems with ANSYS and the optimum flow rate, which is one of the most important operating parameters based on 
real experimental data for PCM based PVT system. Flow rate is one of the most important operation parameter at 
the stage of transferring the heat stored in PCM to the working fluid effectively. Power and efficiency obtained from 
PVT systems under real conditions are directly dependent on operating parameters such as flow rate, as well as 
many uncontrollable meteorological parameters. The main purpose of using these systems is to increase the power 
obtained from PVTs and to obtain higher outlet fluid temperatures. Under certain conditions, obtaining the highest 
output water temperature gives the thermal energy maximum to be obtained from the PVT system. The optimization 
of the flow rate based on this because the outlet water temperature is a measurable parameter, it will provide a great 
convenience in practice. In this study, for the first time in the literature, optimum flow rate for maximum outlet fluid 
temperatures for PVT systems with PCM is investigated.  

SYSTEM DESCRIPTION  

In the present study, it was aimed to model the PVT system integrated with paraffin as PCM and investigate the optimum 
flow rate. Paraffin is a petroleum product. It is an organic PCM that is frequently used in PVT systems. Paraffin stands 
out among other PCMs, with its average heat storage density, absence of phase separation, the amount of latent heat 
in the desired range, and its variable melting and solidification temperature. 
 

  
 
   (a)                                                      (b)                                                                    (c) 
Fig.1. (a) PVT test system established, (b) Placement of thermocouples on the copper plate of PVT, (c) Meshing PVT 
system 
 
In Fig. 1a, the PVT-PCM test system installed on the roof of Uşak University Engineering Faculty is shown. Kandilli 
has demonstrated the energy, exergy and economic performances of different PCM and heat storage materials in 
previous study [11]. In the system, water was chosen as the working fluid. The outlet water temperature values 
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obtained in different meteorological conditions were used in the verification phase of the designed model. The 
properties of the device employed in the experiments and the materials and components have been explained before 
[11,12]. In the PVT-PCM system discussed in the study, the layers from top to bottom are listed as follows: Glass, EVA, 
solar cell, EVA, copper coil pipe, copper plate, PCM, plastic backing, insulation material, and casing. In this study, 
paraffin wax commonly used as PCM in the literature has been chose for PVT system.  
 

CONCLUSIONS 

The experimentally tested PVT-PCM system was modeled with ANSYS Fluent 16 program in the present study. 
Design and operating parameters were considered during the analyses. The accuracy of the established model has 
been demonstrated by statistical comparison of the experimental and predicted results. After the validation of the 
model, the optimum value of the flow rate, one of the operating parameters that have a great impact on heat transfer, 
has been investigated. 
In Fig.2, temperature distributions of the PVT-PCM at different flow rates during the day have been given.  Figures 
a, b, c and d show the PCM temperature distribution obtained from the measurements taken during the day at flow 
rates of 12,13,14 and17 l/h. As can be seen from the distribution graphs, the PCM temperatures obtained increase 
with increasing flow rates. 

             (a)                                               (b)                                               (c)       (d) 
 

Fig.2. Temperature distributions of the PVT-PCM at different flow rates during the day 
 

 

 

 

 

 

 

 

 

           (a)                                                   (b)                                               
Fig.3. (a) Model validation based on outlet temperatures, (b) Variation of the estimated outlet temperature values at 

different flow rate values 
 
In Fig.3, model validation based on outlet temperatures was presented and variation of the estimated outlet 
temperature values at different flow rate was plotted. Flow rate values were selected from 13 to 45 l/h, and the highest 
outlet water temperature was achieved for 19 l/h. After verifying the model, it was investigated the optimum flow rate for 
the PVT-PCM system. Ultimately, the aim in pvt systems is to obtain higher temperature outlet water. For this reason, 
in determining the optimum flow rate, the strategy of reaching maximum leaving water temperatures at constant inlet 
water temperature and constant solar radiation values was followed. For paraffin, the fact that the fluid is a little faster 
increases the heat transfer due to the increased molecular movement, while the heat transfer due to the shorter duration 
of the fluid in the system at higher speeds has decreased. Flow rates of 15-21 l/h can be used in studies as the ideal 
flow rate for paraffin. 
 

REFERENCES  

[1] Kazemian A, Parcheforosh A, Salari A, Ma T. Optimization of a novel photovoltaic thermal module in series with a solar collector 
using Taguchi based grey relational analysis. Sol Energy, 2021; 215: 492-507. 

[2] Nižetić S, Jurčević M, Čoko D, Arıcı M, HoangAT. Implementation of phase change materials for thermal regulation of 
photovoltaic thermal systems: Comprehensive analysis of design approaches. Energy, 2021; 228:120546. 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

253



 

[3] Shahsavar A, Jha P, Arici M, Kefayati G. A comparative experimental investigation of energetic and exergetic performances 
of water/magnetite nanofluid-based photovoltaic/thermal system equipped with finned and unfinned collectors. Energy, 2021; 
220:119714. 

[4] Babu C, Ponnambalam P. Economic analysis of hybrid Photovoltaic Thermal Configurations: A comparative study. Sustain. 
Energy Technol, 2021; 43: 100932. 

[5] Maghrabie HM, Elsaid K, Sayed ET, Abdelkareem MA, Wilberforce T, Olabi AG. Building-integrated photovoltaic/thermal 
(BIPVT) systems: Applications and challenges. Sustain. Energy Technol,2021; 45:101151. 

[6] Antony A, Wang YD, Roskilly AP. A Detailed Optimisation of Solar Photovoltaic/Thermal Systems and its Application. Energy 
Procedia, 2019; 158: 1141-1148. 

[7] Ali AHH. Design optimization of staggered plates’ channel heated by radiation heat flux based on the convective heat transfer 
and fluid flow for hybrid Photovoltaic/Thermal system. Sustain. Energy Technol, 2017;24: 55-70. 

[8] Belussi L, Barozzi B, Bellazzi A, et al. A review of performance of zero energy buildings and energy efficiency solutions. J. 
Build. Eng., Volume 25, 2019, 100772. 

[9] Zhou Y, Zheng S, Zhang G. Multivariable optimisation of a new PCMs integrated hybrid renewable system with active cooling 
and hybrid ventilations. J. Build. Eng.,2019; 26: 100845. 

[10] Misha S, Abdullah AL, Tamaldin N, Rosli M.A.M., Sachit FA. Simulation CFD and experimental investigation of PVT water 
system under natural Malaysian weather conditions. Energy Rep., 2020; 6:28-44. 

[11] Kandilli C. Energy, exergy, and economical analyses of a photovoltaic thermal system integrated with the natural zeolites for 
heat management. Int J Energy Res. 2019; 43: 4670– 4685.  

[12] Kandilli C, Mertoğlu B, Optimisation design and operation parameters of a photovoltaic thermal system integrated with 
natural zeolite. Int. J. Hydromechatronics, 2020; 3: 128 – 139. 

 

 
  

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

254



 

Submission ID: 104 
 

EFFECTS OF DESIGN VARIABLES ON EXERGY AND ENVIRONMENTAL PARAMETERS 
OF COMMERCIAL TURBOFAN ENGINE  

 

1 Hakan Aygun, 2 Mohammad Rauf Sheikhi, 3 Hakan Caliskan*  
1Department of Air Frame and Power-Plant, Firat University, Elazig, Turkey   

2 Faculty of Aeronautics and Astronautics, Eskisehir Technical University, Eskisehir, Turkey  
3 Department of Mechanical Engineering, Faculty of Engineering, Usak University, Usak,Turkey 

 
*Corresponding author e-mail hakan.caliskan@usak.edu.tr  

 

ABSTRACT  

Exergetic and environmental metrics of aircraft engines are topics of paramount importance for studies examining 
the effects of fuel consumption & combustion on environment. Therefore, it is important to quantify these parameters 
so as to predict the extent of environmental impact originated from aircraft engines such as turbofans. In this study, 
effects of turbine inlet temperature (TIT) varying between 1450-1550 K and high pressure compressor pressure ratio 
(HPC PR) varying between 7.5-8.5 on several thermodynamics metrics of the turbofan engine producing thrust of 
110 kN are parametrically analyzed for thirty-six cases. According to the exergetic evaluations, exergy efficiency of 
the turbofan engine varies between 33.46% and 36.78%, whereas the specific irreversibility production (SIP) of the 
engine varies between 0.1676 MW/kN and 0.1752 MW/kN due to variation of TIT and HPC PR. 

Keywords: Improved exergy, irreversibility, sustainable efficiency factor, turbofan, energy research 

INTRODUCTION 

Aircraft emissions related to aviation activities have increased day by day. Compared with 2018, the number of 
passengers increased by 3.6% in 2019 [1].  In this regard, CO2 emissions induced from flights were accounted for 
915 million tonnes in 2019 [2]. Thermodynamic approaches should be properly employed in this sector to mitigate 
energy loss thereby causing environmental damage. Owing to the importance of energy-saving, many researchers 
have focused on increasing the efficiency of cycles. Therefore, assessments of aircraft propulsion system are 
necessary with exergetic and environmental metrics. In this study, effects of TIT and HPC PR on exergetic and 
environmental indicators are investigated. These results are compared with that of baseline operating point. For this 
aim, exergy approach involving many metrics is implemented to turbofan engine. The main motivations of this study 
are (i) to compute exergetic parameters for turbofan engine and its main components for thirty-six cases. (ii) to 
calculate several environmental parameters for whole turbofan engine for thirty-six cases and (iii) to apply new index 
(specific irreversibility production) to turbofan engine for thirty-six cases.  

BACKGROUND OF EXERGY APPROACH  

Exergy analysis provides the required information about system enhancement by considering the quality and quantity 
of energy. Therefore, this approach have been commonly adopted by many industries for three decades. Exergy 
method incorporates several parameters such as exergy efficiency, exergetic improvement potential, improved 
exergy efficiency, exergetic sustainability index, etc. These metrics are associated with environmental indicators such 
as environmental effect factor and sustainable efficiency factor. Exergy efficiency (𝜂𝑒𝑥) is the ratio between product 

exergy (𝐸�̇�𝑃𝑟) and fuel exergy (𝐸�̇�𝐹) as follows: 

𝜂𝑒𝑥 = 𝐸�̇�𝑃𝑟/𝐸�̇�𝐹            (1) 

Exergetic improvement potential rate (𝐸𝑥𝐼𝑃𝑘) shows how much exergy destruction (𝐸�̇�𝐷,𝑘) could be recovered.  

𝐸𝑥𝐼𝑃𝑘 = (1 − 𝜂𝑒𝑥)𝐸�̇�𝐷,𝑘           (2) 

Improved exergy efficiency (𝜓) shows  how much increase in efficiency occurs if the determined ExIP is achieved 
[3]: 

𝜓 = 𝐸�̇�𝑃𝑟/(𝐸�̇�𝐹 − 𝐸𝑥𝐼𝑃𝑘)           (3) 
As a new parameter, specific irreversibility production (SIP) is firstly proposed here. It measures how much exergy 
destruction occurs per unit thrust. It is presented as follows: 

𝑆𝐼𝑃𝑒𝑛𝑔𝑖𝑛𝑒 = (∑𝐸�̇�𝐷)/𝜏𝑒𝑛𝑔𝑖𝑛𝑒          (4) 

CONCLUSIONS 

In the present study, turbofan engine is investigated with exergetic approach with several important metrics. Exergy 
efficiency of components except Fan and LPT is affected from HPC PR and TIT. According to Fig.1a, the lowest 
exergy efficiency varying between 85.85% and 87.96% belongs to the combustor. Its baseline value is 87.11%. In 
Fig.1b, exergetic improvement potential of the combustor has the highest value changing between 1.12 MW and 
1.72 MW. Its baseline value is  1.35 MW. On the other hand, improved exergy efficiency of the combustor is calculated 
between 87.6% and 89.25%. Its baseline value is 88.59%.Finally, as seen in Fig.2b, the highest exergy efficiency of 
turbofan is calculated as 36.94% at 8.3 HPC PR and 1550 K. However the lowest SIP index is computed as 0.1676 
MW/kN at 8.5 HPC PR and 1550 K. Considering these findings, to detect optimum design values giving minimum 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

255

mailto:hakan.caliskan@usak.edu.tr


 

environmental impact, all of exergetic parameters should be considered together. As a next study, optimization of 
exergy and environmental parameters could be performed using different optimization methods. 

 
Fig. 1. Exergy efficiency and exergetic improvement potential rate of main components of turbofan engine. 

 
Fig. 2. Improved exergy efficiency of main components and environmental parameters of whole turbofan engine. 
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ABSTRACT  

Graphene based supercapacitors (SC) with Polyacrylamide (PAAM) hydrogel separator is designed and assembled in 
CR2032 coin cell. Two different symmetrical and one assymetric SC cells are evaluated using graphene based 
electrodes, nickel foil current collector and ionic liquid bis (trifluoromethanesulfonyl) imide (Bisimide); TFMS electrolyte. 
While the first symmetric coincell is produced by deposition of graphene on porous nickel foam (NiF); (G-Ni/G-Ni), the 
second symmetric one is produced by deposition of graphene on copper foam (G-Cu/G-Cu). Then after, a third one is 
prepared in an asymmetrical structure as the combination of Cu and Ni foam electrodes (G-Ni/G-Cu), that are, graphene 
is deposited on nickel and copper electrodes by cyclic voltammetry (CV). The best electrochemical performance is 
found for the SC (G-Ni/G-Ni) in terms of higher energy, power, and current densities applied by galvanostatic charge-
discharge (GCD) and CV. Specific capacitances of G-Ni/G-Ni, G-Ni/G-Cu coincells are found as 39 F/g, 59 F/g, at 1mA 
respectively and for the G-Cu/G-Cu is 27 F/g, at 0.1 mA. Capacitance retention of both two symmetric and assymetric 
SCs does not change and reveals excellent performance of 100 % up to 5000 cycles indicating long term durability in 
SCs applications.   
  
Keywords: Coincell, Copper, Graphene, Supercapacitor, PAAM Hydrogel, Nickel 
 
INTRODUCTION 

Nickel foam (NiF) like NiO nanosheets have been of great interest for the current conductors because of their 
availability, cost-effectiveness, and corrosion resistance [1-5]. Approaches were presented to produce binder-free 
SC electrodes through depositing porous graphene networks into pores of NiF [1, 2]. Because graphene has 
improved conductivity due to the short diffusion distance of ions from porous graphene to NiF revealing improved 
stability and energy capacity, PG/NiF electrodes are used in SCs applications [6]. Herein, three different CR2032 
coincell SCs were developed based on deposition of graphene on nickel and copper foam as two symmetric (G-Ni/G-
Ni), (G-Cu/G-Cu) and one asymmetric (G-Ni/G-Cu) with TFMS as a redoxactive electrolyte. To achieve homogenous 
electrochemical deposition of graphene on porous NiF and CuF electrodes, LiClO4 electrolyte was preferred.  A nano 
porous Polyacrylamide (PAAM) hydrogel which allows high ion transfer between two electrodes was synthesized as 
a separator to prevent the contact of cathode and anode electrodes and allow ion passage. Finally, the electrodes, 
electrolytes, and separator obtained were successfully assembled to produce three coincell SCs. Cyclic voltammetry 
(CV), and galvanostatic charge–discharge cycling (GCD) measurements were used to investigate the redox couple, 
capacitive properties and cycling stability of the electroactive materials in an alkaline electrolyte. As will be seen 
below, capacitive retention revealed excellent cyclic stability for both symmetrical and asymmetrical SCs.  
 
MATERIALS AND METHODS  

Free radical crosslinking copolymerization was carried out to synthesize the PAAM hydrogel separator. 0.16 g APS and 
0.50 mL TEMED were dissolved in 20 mL of distilled water to prepare APS and TEMED stock solutions. The initial 
monomer concentration was set to 30 % w/w.  Certain amounts of AAm and BAAm were dissolved in 8 mL distilled 
water and 1 mL TEMED stock solution was added. After nitrogen gas exposure to the solution for 20 min, the APS stock 
solution (1 mL) was added. Finally, 1.5 mL parts of this solution were transferred to teflon molds, and kept at room 
temperature for 24h. Afterwards, the as prepared hydrogel samples were removed from the molds and used in further 
SC preparation steps.Two electrode system was used to deposit the graphene on to nickel and copper foams used as 
base has surface density of 350 g/m2, thickness of 0.08 mm, purity of 99.9 %, and porosity of 70–80%. The working 
electrodes were chosen as nickel foam (NiF) and copper foam (CuF), and Pt was used as counter electrode, which has 
the same size with the NiF and CuF electrodes. NiF and CuF were subjected to ultrasonication and then washed in 
37% HCl solution for 5 minutes to remove surface oxide films and then after dried in the vacuum oven at 100 °C. The 
deposition was performed in a suspension of the mixture of 1 M LiClO4 and graphene. The suspension in deionized 
water was mixed by magnetic stirrer for 30 min and then cyclic voltammetry technique was applied for the deposition of 
graphene on the foams for 1000 cycle. The potential range and the scan rate of voltammetry was adjusted as (0.0-1.5 
V) and 200 mV/s, respectively. Active graphane material was measured as 1.5 mg after 1000 cycle. All pieces required 
for SC were placed in the order of bottom cover, spacer, current collector (nickel foil), electrode, PAAM separator, 
electrode, current collector, spacer, and top cover. The ionic liquid bis (trifluoromethanesulfonyl) imide (TFMS) was 
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added to all pieces in SC.  The SC prepared as CR2032 coin cell was clamped at stable force to provide adequate 
pressure for contact.  
Table 1: Specific Capacitance, Energy and Power density values of G-Cu/G-Cu, G-Ni/G-Ni and G-Cu/G-Cu; SCs at different 
current densities of charge-discharge. 

G-Cu/G-Cu G-Ni/G-Ni G-Ni/G-Cu 

Current 
Density 

Specific 
Capacitance 

Energy 
Density 

Power 
Density 

Specific 
Capacitance 

Energy 
Density 

Power 
Density 

Specific 
Capacitance 

Energy 
Density 

Power 
Density 

I(mA/g) C(F/g) Wh/kg kW/kg C(F/g) Wh/kg kW/kg C(F/g) Wh/kg kW/kg 

1 0.1 2 27.0 3 0.68 4 0.12 5 32.4 6 0.1 7 0.2 8 32.0 9 1.2 10 0.2 

11 0.2 12 26.2 13 1.52 14 0.44 15 27.6 16 4.6 17 0.8 18 28.6 19 5.0 20 0.6 

21 0.3 22 16.5 23 1.08 24 0.60 25 21.8 26 10.7 27 1.4 28 23.6 29 11 30 1.2 

31 0.4 32 10.9 33 0.84 34 0.80 35 15.6 36 17.8 37 2.1 38 17.6 39 17.5 40 1.8 

41 0.5 42 8.3 43 0.64 44 1.00 45 9.8 46 25.7 47 3.0 48 10.4 49 22.0 50 2.4 

51 2.0 52 - 53 - 54 - 55 6.4 56 5.2 57 15.8 58 3.6 59 1.3 60 11.8 

61 3.0 62 - 63 - 64 - 65 0.2 66 1.2 67 23.8 68 2.0 69 0.5 70 17.9 

71 4.0 72 - 73 - 74 - 75 0.2 76 1.0 77 31.6 78 1.6 79 0.3 80 24.2 

81 5.0 82 - 83 - 84 - 85 0.1 86 0.6 87 39.2 88 1.3 89 0.3 90 29.9 

 

CONCLUSIONS 

In this study, graphene in LiClO4 on nickel and copper foams was deposited electrochemically. In addition, a flexible 
and nano structured PAAM hydrogel has been synthesized, which allows a significant ion transfer. The conclusions 
obtained from this study can be summarized as follows: 
 

I. From the electrodes prepared by electrochemical method, three different Cr2032 coin cells SCs were designed 
and evaluated. 

II. The capacitance, energy and power densities obtained have been found to be compatible with the literature. 
III. Capacitive retention has exhibited excellent results in two symmetrical and asymmetrical coincells, and no loss 

has been observed up to 5000 charge-discharge cycles. 
IV.  While it is not possible to reach high currents for copper-based SC, it is possible to operate up to 5 mA with a 

nickel-based SC. 
V. PAAM hydrogel separator and TFMS electrolyte have formed a very compatible structure. While nano porous 

PAAM hydrogel degrades in 6M KOH, it can be used for a long time without degradation in TFMS. 
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ABSTRACT 

In this study, the energetic and exergy-based thermo-environmental performance of a conventional (JP-8) fueled 
medium-scale turbojet engine is investigated. In the first stage, the specific power and specific thrust are found to be 
147.810 kW/kg/s and 0.549 kN/kg/s while the specific fuel consumption is obtained to be 0.128 g/kN.s. After the 
combustion process,the percentage distributions of combustion emissions (CO2, H2O, O2, and N2) are found to be 
5.89%, 3.47%, 16.28% and 74.36%, respectively.The emission index for NOx is determined as 0.579 g NOx/kg fuel. 
Also, while the thermal limit ratio of the overall system is found to be 3.76, the enthalpy ratio is found to be 4.53. In the 
second stage, the exergy efficiency of the engine is calculated as 17.01%, and the fuel exergy waste ratio is computed 
to be 82.99%. In the third stage, the environmental effect factor of the system is estimated to be 4.88, the exergetic 
sustainability of the system is found as 0.205, and the ecological effect factor of the system is obtained to be 5.88. 

Keywords:Aero Engines,Turbojet Engine, Energetic Analysis, Thermo-environmental Aspect, Exergetic Analysis 
 
INTRODUCTION 

In this study, to evaluate the thermo-environmental performance which can be estimated by energy and exergy-
based thermodynamic performance metrics of the medium scale turbojet engine, the energetic and exergetic 
analyses are performed, then the thermal and environmental performance metrics are used. 
 
ANALYSES AND PERFORMANCE EVALUATIONS 

The major thermodynamic specifications of the engine are listed in Table1. 
 

Table 1. Major engine specifications 

Parameter Unit Value 

Inlet air mass flow kg/s 4.45 

Fuel mass flow kg/s 0.084 

Air to fuel ratio - 52.976 

Turbine inlet temperature (TIT) K 1082.35 

Turbine inlet pressure (TIP) kPa 388.63 

Compressor outlet temperature (COT) K 450.75 

Compressor outlet pressure (COP) kPa 411.25 

Exhaust outlet velocity m/s 538.65 

The assumptions which are used in the study are given as follows.The engine is under the steady state conditions, 
the temperature (T0) and the pressure (P0) of dead state are 288.15 K and 101.33 kPa, respectively [1].The 
compressor and turbine components are adiabatic. It is assumed that the completed combustion reaction and the 
emissions have ideal behaviour [2]. The fuel used is JP-8 fuel (C12H23), and the LHV (Lower Heating Value) of this 
fuel is 43124 kJ/kg [1,2]. 

 
The combustion balance function based on the air to fuel ratio of the engine is determined as below. 
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After the combustion process, the cp function of exhaust gases based on Equation (1) is determined as below. 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

259

mailto:halilyalcinakdeniz@gmail.com


 

( ) ( ) ( )2 3

, 2 5 9

0.01194 0.01515 0.06650
 ( )  0.98861+

10 10 10
P gc T T T T= + −      (2) 

The emission index for NOx can be determined via following equation [3,4]. 
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        (3) 

CONCLUSIONS 

The specific power and specific thrust are found to be 147.810 kW/kg/s and 0.549 kN/kg/s while the specific fuel 
consumption is obtained to be 0.128 g/kNs. After the combustion process, the distributions of combustion emissions 
(CO2, H2O, O2, and N2) are found to be 5.89% (0.267 kg/s), 3.47% (0.157 kg/s), 16.28% (0.738) and 74.36% (3.372 
kg/s), respectively. 
 
Furthermore, the emission index for NOx is determined as 0.579 g NOx/kg fuel. Besides, while the thermal limit ratio of 
the overall system is found to be 3.76, the enthalpy ratio is found to be 4.53. Also, the exergy efficiency of the engine is 
calculated as 17.01%, and the fuel exergy waste ratio is computed to be 82.99%. Moreover, the environmental effect 
factor of the system is estimated to be 4.88, the exergetic sustainability of the system is found as 0.205, and the 
ecological effect factor of the system is obtained to be 5.88. The above-mentioned results are also illustrated in Figure 
1. 

 

 
Figure 1. The overall results of the assessments 
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ABSTRACT 

Theoretical calculation of pressure drop plays a crucial role in refrigeration cycles in order to determine whether the 
system tends to homogenous refrigerant distribution in evaporator tubes or not. Because the efficiency of the cycle can 
be increased by avoiding flow maldistribution and hunting if the homogenous fluid flow can be satisfied through the 
evaporator tubes. Determining the suitable correlation for given conditions is important in two-phase flow to find accurate 
pressure drop and therefore selecting the right distributor. Although there exist commercial calculation modules in the 
industry for the purpose of pressure drop calculation, these products may not give accurate results and may not consider 
important features. This study aims at determining theoretical pressure drop in evaporator tubes and therefore help 
users to make suitable distributor selection in an accurate and convenient way. For this purpose, a new methodology 
considering two-phase flow patterns is developed and validated with experimental data for a refrigerant of R-404A. The 
experiments were carried out for five different cases, and it was found that the proposed methodology agreed better 
with the experimental data compared to commercial calculation module used in the market. 

Keywords: Distributor selection, Pressure drop, Two-phase flow, Homogenous flow distribution 

INTRODUCTION 

The refrigeration cycle is a critical component of HVAC systems and is governed by the principles of thermodynamics. 
There are different components in the refrigeration cycles. The distributor is one of these components that aims to 
satisfy the distribution of refrigerant flow into the homogenous flow to each evaporator tube thus increasing the COP 
of the cycle and keeping the pressure drop at the appropriate values. By the light of experimental studies, it is stated 
that COP may change between 10-15% due to non-homogeneous flow distribution, [1]. Furthermore, having the 
knowledge of theoretical pressure drop prior to the experimental setup gives the designer chance to re-consider 
distributor selection so thus controlling the cycle in a more effective and convenient way. In the literature, many 
studies have been conducted to determine the pressure drop prediction in two-phase flow. Different methodologies 
occurred with various correlations and these studies aimed to analyze the two-phase pressure drop phenomenon 
and find accurate theoretical values. However, these traditional methodologies use relatively old correlations and do 
not consider some of the important features -such as flow regime, superheating & subcooling and consequently they 
may not yield accurate pressure drop values. Due to this issue, developing a new methodology that determines 
pressure drop with a theoretical approach -in a more accurate and convenient way- is aimed in this study. Determining 
tube pressure drop accurately prior to modelling and cycle construction, would help users to ensure suitable 
distributor selection and therefore optimizing the cycle by eliminating possible outcomes of non-homogenous 
distribution. 

MATERIALS AND METHOD 

In this study, Chisholm’s two-phase pressure drop correlation [2] is chosen and new features are considered to develop 
accurate two-phase pressure drop calculation. These new features are considering flow regime map and considering 
sub-cooling and superheating conditions for the refrigeration cycle. To implement the flow regime map in the 
calculations, a recent study by Thome, J. R., & Cioncolini, A. (2016) [3] is considered. To utilize the sub-cooling & 
superheating effect during calculations, basics of thermodynamics are followed, and integration completed. An 
experimental study was conducted to validate the present proposed model. The experiments were performed for five 
different cases such as including the superheating effect, subcooling effect. The experiments were conducted three 
times for five different cases to ensure repeatability. During the experimentation process, R-404A was used. The 
experimental setup is given in Fig. 1. 
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Figure 13. Schematic of Experiment Setup. LHS represent air-conditioning chamber, RHS Calorimetric Chamber 

 
RESULTS AND DISCUSSIONS 
The experimental two-phase pressure drop data were compared with the proposed methodology and pre-existing 
commercial software in Tables 1 and 2. 
 

Table 6. Experimental Tube Pressure Drop Data vs Proposed Methodology Calculation 

  Experimental Data (kPa) Developed Methodology Ouput (kPa) % Error 

Case-1 72.14 68.07 5.642 

Case-2 72.2 77.53 7.382 

Case-3 96.8 81.19 16.126 

Case-4 100 92.39 7.610 

Case-5 197 191.4 2.843 

 
Table 7. Experimental Tube Pressure Drop Data vs Pre-existing Methodology Calculation 

  Experimental Data (kPa) Existing Methodology Output (kPa) % Error 

Case-1 72.14 63 12.670 

Case-2 72.2 73 1.108 

Case-3 96.8 118 21.901 

Case-4 100 134 34.000 

Case-5 197 115 41.624 

 
CONCLUSIONS 

This study has identified new pressure drop methodology by combining existing solutions to develop theoretical 
pressure drop methodology in refrigeration cycle evaporator tubes. With this methodology, pressure drop in evaporator 
tubes can be evaluated with new features and more accurate way. Therefore, distributor selection can be done to 
minimize efficiency loss due to non-homogenous refrigerant distribution. Validation of the study is proceeded via R-
404A refrigerant and experimental data proved that applying the presented method, would give more accurate result 
than the existing commercial methodology. The main differences between existing methodology and the developed one 
can be count as: Flow pattern integration, sub-cooling and superheating extension and accurate evaluation of these 
new features. Since, present study is validated with experimental data and comparison is held between existing and 
developed methodology, it can be stated that the new methodology gives more accurate result than the existing 
commercial methodology. Therefore, application of these study would provide better tube pressure drop and help user 
to determine distributor accordingly. 
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ABSTRACT  

In this paper, the performance of a solar power generation combined cycle with thermal energy storage and three types 
of nano -fluid AL2O3 and TiO2 and CuO is investigated. The effects of number of solar collectors, volume fraction of 
nano -particles, the mass flow rate of steam, material and the  ratio of volume to surface area of thermal energy storage 
system are investigated. The genetic algorithm is used in order to optimize the performance of the system based on 
exergy destruction minimization. The use  of nano -fluids increases the exergy efficiency of the cycle and hydrogen 
production by the electrolyzer. Among the selected nano -fluids, the CuO-oil working fluid yields the highest exergy 
efficiency . Also, the exergy analysis shows that more than 75% of the exergy destruction of the cycle take place in three 
components of solar collector, the thermal storage system and electrolyzer. Among the energy storage materials, the 
Silicone-oil has the highest exergy efficiency . The results show that by increasing the operating temperature of the 
electrolyzer the exergy efficiency of the cycle increases. Based on optimized working conditions, the exergy efficiency 
of the cycle using nano -fluids CuO, TiO2 and Al2O3, increases by 11%, 9% and 8%, respectively.  

Keywords: Solid oxide electrolyzer, Parabolic solar collectors, Exergy optimization, Nano-fluid,  Thermal energy 
storage 

  
INTRODUCTION 

Hydrogen is a clean and inexpensive fuel compared to fossil fuels and it is a promising solution to address the global 
warming chlanges [1]. Dincer et al. examined different methods of hydrogen production and they concluded that the 
low efficiency and high costs of hydrogen production is the main drawback [2].The system studied in this paper is shown 
in Figure 1. The main components of the cycle are solar parabolic collector, energy storage system, Rankin power 
generation cycle, heat exchanger network and solid oxide electrolyzer (SOEC). 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flow diagram of the combined power and hydrogen production cycle 
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Since solar energy is the main source of energy supply for this cycle, for the continuous operation of the cycle during 
the day and night, an energy storage system should be considered. In order to supply the required energy of the 
electrolyzer, the output stream from the storage system is further heated by a heat recovery generator. The rest of 
thermal energy required for electrolysis is provided by energy recovery from the electrolysis output stream. Finally, an 
electric heater is used to increase the steam temperature to bring the electrolyzer to operating temperature. Three nano -
fluids including mineral oil as the base fluid and CuO, TiO2 and AL2O3 nano-particles are applied.  

Exergy analysis 

Exergy is the maximum amount of useful work that can be received from the system in a process of achieving 
thermodynamic equilibrium with an environment at dead state conditions [3]. The exergy balance for a control volume 
is  defined as follows: 

�̇�𝐗𝐐 + ∑�̇�𝐢𝐧𝐞𝐱𝐢𝐧 = �̇�𝐗𝐖 + ∑�̇�𝐨𝐮𝐭𝐞𝐱𝐨𝐮𝐭 + �̇�𝐗𝐃                                                                                                                      (1)   

where �̇�𝐗𝐐   and  �̇�𝐗𝐖 in the above equation are defined as follows: 

�̇�𝐗𝐐 = (𝟏 −
𝐓𝐨

𝐓𝐫
) �̇�  and  �̇�𝐗𝐖 = �̇�𝐜.𝐯.                                                                      (2)    

Figure 2 shows the effect of the number of solar collectors in the presence of nano -fluids on the exergy efficiency of the 
combined cycle. Increasing the number of solar collectors increases the exergy destruction of the solar collectors and 
consequently the overall exergy efficiency of the combined cycle decreases. Figure 3 shows that when the number of 
solar collectors increases from 800 and 1500, the outlet temperature of the solar collector increases by more than 30% 
using CuO-oil nano-fluid.   

Figure 2. The effect number of collectors on exergy 
efficiency  

Figure 3. Effect of collector number on the maximum 
temperature  

CONCLUSIONS 

In this study, the exergy efficiency of the cycle and the rate of hydrogen production in a combined cycle is optimized in 
the presence of three nano -fluids CuO, TiO2 and Al2O3. The main results of this research are as follows: 
1- The analysis of the integrated cycle revealed that more than 75% of the cycle exergy degradation is related to the 
two components; namely solar collectors and the heat storage system. In order to improve the exergy efficiency and 
the rate of hydrogen production, special care must be taken in the design and selection of these two components of the 
cycle. 
2- After optimization, the results show that the cycle exergy efficiency for nano -fluids CuO, TiO2 and Al2O3 increases by 
11%, 9% and 8%, respectively. 
3- By increasing the volume fraction of nano -fluids and consequently reducing the energy required to increase the 
temperature of the fluid, the energy efficiency and exergy increase. Also, among the studied nano -fluids, CuO with the 
same volume fraction has a higher exergy efficiency than other two nano-fluids TiO2 and Al2O3. 
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ABSTRACT 

In this paper, a numerical model is developed for polymer electrolyte membrane electrolyser to investigate the thermal 
performance and temperature distribution in the electrolyser, as well as the effect of three important parameters 
including operating pressure, operating temperature and thickness of the membrane on thermal and overal performance 
of electrolyser. The results of numerical modeling are verified using experimental data. The results indicate when the 
operating temperature increases and the operating pressure decreases, the temperature distribution is more uniform, 
and the performance of the electrolyser improves. By increasing temperature from 333K to 353K, the mean temperature 
difference decreases 82%.  

Keywords: PEM electrolyser, thermal performance, electrochemical performance, membrane, temperature 
distribution. 

 
INTRODUCTION 

Polymer electrolyte membrane (PEM) electrolysers have several benefits such as high current density, rapid 
response system, compact system design, high purity of gas, dynamic working conditions and high voltage efficiency 
that in last decade much attention has been paid to them[1]. Proper design and balanced operating conditions in 
PEM electrolyser is necessary to reduce the over-voltages in the electrolyser. In this regard, the most important 
parameters are working temperature and pressure, the structure of the cell and associated materials. The distribution 
of temperature in the electrolyser affects the open circuit voltage, anode and cathode activation overvoltage, ohmic 
and concentration overvoltage. The polymer membrane conductivity depends on humidity and temperature. When 
temperature increases, the hydrogen ion diffusion increases and decreases the mass transfer limits, but it causes 
membrane dehydration. Also, the rate of electrochemical reactions at active surface areas increases. Moreover, the 
temperature affects the hydrogen and oxygen concentrations at the interface between the electrode and membrane 
and the concentration overvoltage, subsequently. Therefore, the thermal management of electrolyser plays an 
important role in the operation. Unlike proton exchange membrane fuel cells, numerical modeling of PEM electrolyser 
has been recently developed [2-3]. There is a knowledge gap in the available literature about the temperature 
distribution and thermal performance of PEM electrolysers. In this regard, a one-dimensional CFD model is 
developed for thermal analysis of a PEM electrolyser. Moreover, the effects of operating temperature on the 
temperature distribution in the PEM electrolyser and its performance is investigated using an electrochemical model. 
 
ELECTROCHEMICAL MODELING  

The PEM electrolyser consists of anode and cathode catalysts, gas diffusion layers, membrane, flow channels and 
plates that conduct inlet and outlet streams. Water decomposition takes place at a higher DC input voltage than the 
reversible voltage. At anode, highly endothermic process of oxygen evolution occurs and electrons pass through an 
external circuit. Protons migrate from the anode to the cathode through the membrane to recombine with electrons 
and hydrogen gas is produced. Nafion is usually used as a membrane due to properties such as proton conduction 
and mechanical strength,. Utilization of Nafion restricts the temperature of the electrolyser to100℃.The PEM 
electrolyser operates at temperatures below 100 °C, therefore, the required thermal energy is low and it can be 
supplied by electrical energy. The minimum thermodynamic voltage required to initiate the water electrolysis is 
reversible voltage, but in actual systems, due to kinetic losses in polar plates and electrodes, the required voltage is 
more than reversible voltage. 

 (1) V = Voc + Vact + Vcon + Vohm 

Where Voc is open circuit voltage, Vohmis ohmic overvoltage, Vact and Vcon are activation and concentration 
overvoltage across the anode and cathode, respectively. The net molar flow rate of water in the membrane is 

transmitted (ṄH2O
mem) through three processes that including the diffusion, the electro-osmotic drag and the effects of 

hydraulic pressure. 

(2) ṄH2O
mem = ṄH2O

diff + ṄH2O
eod − ṄH2O

pe
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where, ṄH2O
diff  is the water flow rate due to the diffusion from the anode to the cathode, ṄH2O

eod  is the water flow rate from 

one side to the other side with the electro-osmotic drag and ṄH2O
pe

 is the flow rate of water due to pressure gradient 

effect.  

 

THERMAL MODELING  

The energy equation in the electrolyser for the anode and cathode electrodes and the membrane is written as follows. 
 (3) 

Cathode:        − kele
eff d2T

dx2 + ((
I

2F
)WH2

CpH2
+ ṄH2O

cat WH2OCpH2O,l)
dT

dx
=

I2

σeff − |
j(x)

2F
| (T∆s̅) + j(x) ×

Vact,c   
 (4) 

Membrane:  − kmem
eff d2T

dx2 + ṄH2O
memWH2OCpH2O,l

dT

dx
=

im
2

σmem
  

 (5) 
Anode:       − kele

eff d2T

dx2 + ((
I

2F
)WO2

CpO2
+ ṄH2O

an WH2OCpH2O,l)
dT

dx
=

I2

σeff − |
j(x)

4F
| (T∆s̅) + j(x) ×

Vact,a     
Where subscript l represents liquid water, W𝑖 and Cp are the molecular weight and the specific heat under constant 

pressure  of species i. kele
eff  and kmem

eff  are the thermal conductivity coefficient of the electrode and membrane, σeff  is the 

effective electrical conductivity coefficient of the electrode and σmem is the proton conductivity of the membrane. 
 
RESULTS AND CONCLUSIONS 

Fig. 1 shows the temperature distribution in the electrolyser along the thickness of the layers. Difference between the 
special temperature and the operating temperature of the electrolyser (Tc) is located on vertical axis and the 
dimensionless length, i.e., the ratio of x to the total thickness of the layers is located on horizontal axis. The hydrogen 
evolution reaction is endothermic, and the oxygen reduction reaction is exothermic, but the anodic reaction heat is 
relatively more than that the cathode reaction, which causes an endothermic overall reaction in the electrolyser. 
Therefore, the temperature decreases along the thickness of the electrolyser. The minimum temperature of electrolyser 
occurs at the anode catalyst surface. The reaction heat in high current densities is high and by decreasing the current 
density, this generated heat decreases. Consequently, the temperature distribution in the electrolyser becomes non-
uniform. By increasing the current density from 0.1 A cm−2 to 1.1 A cm−2, the average difference temperature of PEM 
electrolyser decreases from -0.1 K to -1.26 K.  

 
Fig. 1. Temperature distribution of electrolyser at operating temperature of 353 K 

 
In this study, a one-dimensional numerical model is developed to evaluate temperature distribution of a PEM 
electrolyser. The main conclusion is that due to the endothermic process at anode, the minimum temperature of 
electrolyser occurs on the anode electrode half-cell. Moreover, increase of current density due to the increase in the 
over-voltage of the electrolyser and the irreversibility’s leads to non-uniform temperature distribution of the electrolyser. 
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ABSTRACT  

Global energy demand increases day by day with the growth in population, urbanization and also industrialization. 
Consequently, it is resulted within the increase in greenhouse gas emissions. In this context, this global problem has to 
be solved immediately. Energy management in energy intensive processes is an important issue. In this context, 
energy-intensive processes should be taken into account for decreasing the accelerate in the global warming. Crop 
production in agriculture is one of the energy intensive processes that have to be focused for this issue. Energy utilization 
in an efficient way in agriculture is one of the main factors for ensuring the sustainable future. In this regard, sustainable 
energy applications in crop production are an important topic that can reduce the energy consumption. Performance of 
the crop production in agriculture is mainly analyzed through first law of the thermodynamics by the researchers and 
scientists. This paper presents a methodology for thermodynamic performance comparison of the crop production.  

Keywords: CO2 emission, Cumulative degree of perfection, Energy, Exergy, Agriculture. 

 
INTRODUCTION 

Global energy demand increases day by day with the growth in population, urbanization and also industrialization. 
Consequently, it is resulted within the increase in greenhouse gas emissions. The effect of crop productions on the 
released greenhouse gases to the atmosphere is about 10-12% [1,2]. 14% of total global CO2 is caused by the crop 
production [2,3]. Energy management is one of the key issues for decreasing the energy demand and also greenhouse 
gas emissions in agriculture as well as various sectors to achieve sustainable future [2,4,5].  One of the main principles 
for sustainability is energy utilization in an efficient way. This principle is also valid in agriculture. In this context, 
increasing the efficiency in crop production is key challenges to ensure the sustainable agriculture. In agriculture, energy 
utilization is examined in two categories such as direct and indirect energy utilization. Utilization of fuel and electricity 
are called as direct energy usage.  On the other hand, usage of fertilizers and chemicals are indirect energy usage (2,6-
9). The need for crop increases with the increase in the population. In this regard, farmers have a great attention to how 
can grow more crop per area with low cost. One of the solutions to these problems is applying new technological and 
innovative applications. In literature, many scientists and researchers have conducted on optimize the inputs of 
agricultural crops, thermodynamically [2,10]. 

 
THERMODYNAMIC EVALUATION 

In this section, mass, energy and exergy balance equations are defined for determining the thermodynamic 
performance analysis of crop production. In general, on the basis of the conservation of mass principle, 

 = outin mm 
              (1) 

 =− systemoutin EEE             (2)  

  =−−


sdoutin xExExExE                                                                                                                           (3) 

Also\ overall energy and exergy consumption, overall CO2 emissions should be defined according to the related 
literature. The performance of any crop production is given by Szargut as the cumulative degree of perfection (CDP). 
The CDP of any crop production can be expressed as [11]  


=

in

ch
crop

Ex

Ex
CDP             (4) 

The exergy efficiency of the crop production system can be calculated from [10] 








=

in

out

xE

xE
crop




           (5) 
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CONCLUSIONS 

Thermodynamic performance comparison of crop production can be calculated with given methodology using CDP and 
exergy efficiency. Cumulative consumption of the energy and exergy and CO2 emission values to the production system 
should be determined and compared for the crop production.  
 
Some concluding remarks from present study are as follows: 

• This methodology can help reduce the energy and exergy utilization of the crop production.  

• The utilization of energy and exergy in an efficient way in agriculture is one of the main factors for ensuring the 
sustainable agriculture. 

• CDP and exergy efficiency of the crop production are increased with the reducing the exergy utilization.  

• The utilization of renewable energy resources in agriculture sector are increased day by day.  

• CO2 emission values are also very important values for comparison purposes. 
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ABSTRACT  

An increasing trend in the use of renewable power leads to an increase in energy storage needs. Converting renewable 
power into storable synthetic methane, which is also known as Power to methane (P-t-Methane), provides a potential 
solution to store excess electricity. This conversion generally consists of three essential sub-processes: hydrogen 
production (pure or H2-rich syngas), CO2 capture, and fuel upgrading (as displayed in Fig 1).  Power is utilized to produce 
hydrogen through the water electrolyzers (e.g., alkaline, polymer electrolyte membrane electrolyzer, and solid oxide 
electrolyzer). CO2 can be captured from air, biogas, or flue gas through different processes. The production of methane 
can be provided in a chemical reactor where hydrogen reacts with CO2 and/or CO. In this pathway, hydrogen 
production is needed, and hydrogen is produced from water electrolyzers powered by renewable sources. This 
pathway has gained considerable attention in the last decades, and it is available in commercial markets.  
 

 
Figure 1/ A power-to-methane system considered 

 

In this study, a thermodynamic assessment of the power-to-methane system is conducted under a real-world scenario 
through the mathematical model developed in the MATLAB environment. For this purpose, the average solar radiation 
data are used for Mugla, Turkey. The solar power required to drive the electrolyzer is calculated. The polymer electrolyte 
membrane (PEM) electrolyzer is used for hydrogen production. For the electrochemical performance of the PEM 
electrolyzer, the polarization data obtained from the literature are implemented into the mathematical model. The mass 
balance equations are applied around the control volume of the PEM electrolyzer to find the hydrogen production rate. 
The average CO2 concentration that varies monthly in flue gas is taken from real data of the power plant. The time-
dependent CO2 concentration data are integrated into the model as a function. The CO2 and hydrogen combine in a 
chemical methane reactor for methane production. Like other components, thermodynamic equations with mass 
balance are applied to control volume in the methane reactor. Here, the reaction kinetic mechanism is also used. Finally, 
the methane production rate [mol/s] is calculated. Moreover, the system’s thermodynamic efficiency is calculated under 
variable operating conditions. Therefore, this study reveals the thermodynamic feasibility of a Power-to-Methane system 
under a real-world scenario. 

Keywords: Power-to-Methane, synthetic methane, CO2 utilization, mathematical model 
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ABSTRACT 

Electrospinning is a powerful tool to design carbon nanofibers (CNF) through spinning polymer precursors into a 
nanofibrous structure. CNF has a one-dimensional nanostructure and has shown the similar multi-functional with 
carbon nanotubes with some advantages like easier production and lower cost. Therefore, CNF-based nanomaterials 
have been widely preferred for applications relating to energy conversion, storage, production. Nowadays, boron-
based compounds such as s sodium borohydride (NaBH4) and ammonia borane (NH3BH3) own high hydrogen 
storage content, used as a fuel in fuel cells, especially in portable, automotive, and stationary power generation 
systems. The hydrogen storage system must be able to release hydrogen in sufficient quantities. Therefore, various 
effective catalysts in different types have been designed to accelerate and control the hydrogen rate. This study 
presented primary results of the fabrication and characterization of CNF and graphene doped CNF (gCNF) designed 
for the hydrogen energy system. Nanofibers were fabricated by electrospinning polyacrylonitrile (PAN) solution in 
N,N' dimethylformamide (DMF) solvent at optimized 17 kV, 2.2 ml/h, and 17 cm spinning conditions, subsequent 
post-treatments such as stabilization and carbonization. As a result, nanofibers are successfully fabricated and were 
confirmed by scanning electron microscopy (SEM) analysis.   

Keywords: Electrospinning, Carbon Nanofiber, Catalyst Support, Hydrogen, Boron fuels 

 
INTRODUCTION 

The electrospinning method is frequently preferred in nanofiber fabrication based on controlling electric field strength 
into the polymer solution. The electrospinning process consists of the high voltage source, nozzle, dosing pump, and 
fiber collection. Synthesized fibers are porous and have a surface-area-to-volume ratio. Therefore, they find wide use 
in polymer composites, biomedical and medical applications, electrical and optical material synthesis, filtration 
processes, agriculture, and energy fields. Today, catalysts and catalyst support are produced by traditional methods, 
mainly sol-gel, impregnation, and precipitation. However, the surface properties of the catalysts need to be improved or 
modified to show t highly catalytic efficiency.  It is possible to produce high surface area, porous, nano-sized, and 
catalytically superior catalysts by applying the suitable fabrication method as electrospinning. The optimization of 
spinning parameters is critical that affects the structural properties of nanofibers [1]. Boron fuels provide advantages in 
the storage of hydrogen and the release of stored hydrogen [2, 3]. Ammonium borane (NH3BH3, 19.6% H2 wt.) and 
sodium borohydride (NaBH4, 10.8% wt.) show the unique capacity to store and transport large amounts of molecular 
hydrogen. The first study on NaBH4 ability to store and transport molecular hydrogen and NaBH4 usability in hydrogen 
production was published in 1973 by Schlesinger. Since the late 1990s, NaBH4 has been presented directly as a 
promising fuel for fuel cells. In the following years, studies on synthesizing new boron-based compounds were 
continued. In 2007, the US Department of Energy underlined that NaBH4 is an indispensable hydrogen storage medium 
for vehicle applications and also needs to work directly on NH3BH3, another promising hydrogen storage material for 
the fuel cell. Due to its advantages, such as high hydrogen storage capacity, high stability in air and aqueous 
environments, and controllable reaction conditions, the studies are focused on adapting the NH3BH3 to vehicle 
applications [4]. However, catalysts are needed to realize efficient and rapid hydrogen release through the hydrolysis 
reaction of boron fuel. Therefore, it is crucial to develop the cheapest and most active catalyst to reduce the cost of 
hydrogen production. In the present study, the electrospinning method following the thermal stabilization and 
carbonization was applied to prepare graphene doped carbon nanofiber to be utilization in a hydrogen energy system.  

 
MATERIALS AND METHODS 

Within the scope of this study, CNF is selected as catalyst support to carry the catalytically active phase again to the 
boron fuels NaBH4 or NH3BH3 hydrolysis for hydrogen production. The following studies were carried out to 
synthesize composite nanofiber using the electrospinning technique: (i) Preparation of electrospinning solutions 
containing polyacrylonitrile (PAN): Within the scope of experimental studies, two different electrospinning solutions 
were prepared to obtain composite nanofibers: PAN-containing and graphene-doped PAN-containing. PAN 
(C3H3N)n, 99.995%, Sigma-Aldrich, MW = 150000 g/mol) was dissolved in DMF (HCON(CH3)2, Merck) at a 
concentration of 9% by weight. It was stirred continuously for 2 hours at 50 °C followed by 24 hours at room 
temperature to obtain a homogeneous solution. Electrospinning solution containing graphene doped PAN was 
prepared by following a similar procedure, containing 1% by weight graphene (99.9% nanoplatelet, Nanography).(ii) 
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Synthesis of nanofibers using electrospinning technique: The synthesis of nanofibers was carried out using the 
electrospinning device (Basic System-Nanospinner). First of all, electrospinning parameters such as voltage, solution 
flow rate, and needle-collector distance were optimized and carefully adjusted to obtain homogeneous and 
continuous fibers. Then, using the prepared PAN and graphene-doped PAN solutions, it was exposed to the electric 
field in the electrospinning device, and the formed fibers were collected. In fiber production, optimum electrospinning 
conditions were applied at 17 kV, 2.2 ml/h, and 17 cm. PAN and graphene-doped PAN fibers were pre-dried under 
atmospheric conditions. They then were oxidized (at 2 °C/min heating rate, 260°C, 2 hours) following carbonization 
(5 °C/min heating rate, 1000 °C, 1 hour) in a tubular high-temperature furnace (iii) SEM analysis of nanofibers: SEM 
analysis (Zeiss EVO® LS 10) was carried out to determine the nanofiber synthesis. SEM analysis was performed to 
determine the fiber formation in the samples and to examine the morphologies. The samples were prepared for 
analysis by coating with gold-palladium under a high vacuum. In addition, digital images were also made. 

 

CONCLUSIONS 

Figure 1 and 2 shows the SEM (a,b,c,) and digital images (d) of fabricated CNF and gCNF, respectively. When the PAN 
solution is spun, white PAN fibers are formed. Nanofibers were obtained by spinning the PAN solution after graphene 
doping; it retained white color and homogeneous color distribution. It figures out that the nanolayer graphene is 
homogeneously dispersed in the PAN solution. After the heat treatment under oxidative atmosphere, it was determined 
that both samples turned brown, and after carbonization, black colored fibers were obtained, which is unique to carbon 
fiber.  
  

 
Figure 1. Images of carbon nanofiber: SEM (a) at 5000X, (b) at 20000X, (c) at 60000X, (d) digital 

 

Figure 2. Images of graphene doped carbon nanofiber: SEM (a) at 5000X, (b) at 20000X, (c) at 60000X, (d) digital 
 

It is noteworthy that the network structure is not deteriorated and preserved after the oxidation and carbonization 
processes applied for stabilization and activation. However, the dimensions of the fiber diameters were measured from 
the SEM images. Under the applied electrospinning parameters, PAN fibers below 400 nm were synthesized. After 
stabilization and activation, the average diameter of the carbon nanofibers obtained was measured as 177 nm. The 
reduction in diameters is due to non-burning during oxidation. It has been determined that the graphene addition causes 
the formation of thicker diameter carbon nanofiber. It can be explained by the fact that the graphene additive increases 
the viscosity of the electrospinning solution. The study provides CNF and gCNF with homogeneous, spun, continuous, 
and interwoven mesh morphology that would benefit future applications in the hydrogen energy system. 
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ABSTRACT  

The manageability of energy in corporate strategies does not only depend on technology and resource management. 
Developing business culture and developing operational control strategies also have significant energy savings 
opportunities. This study deals with the improvements in energy consumption that will be provided in the system by 
optimizing the operating parameters by directly considering different production processes, together with a cement 
production process example. In studies conducted on different processes in different enterprises, the effects of direct 
operating parameters on energy consumption and their CO2 saving potentials depending on fuel type were evaluated 
separately. At the end of the study, improvements related to operating parameters were evaluated and their 
contributions to a sustainable energy management were examined.  

Keywords: Operational control, energy management, efficiency, Cost, Sustainability 

 
INTRODUCTION 

Today, where the fight against global climate change gains value, the critical role in reducing greenhouse gas 
emissions, which has become a social pressure, is to reduce fossil fuel consumption. With a share of 40%, the 
industrial sector has a leading role in this direction. However, this directional control approach for corporate structures 
and especially for production processes should not be handled only with technology and resource management tools. 
In the industrial sector, for situations where unit energy costs in production processes reach 50%, effective use and 
management of energy emerges as a necessity in sustainable competitive conditions. In this respect, effective 
management models of the industry are needed to reach the targets defined in the national strategies. In this context, 
significant gains in energy efficiency are achieved by optimizing consumption with operational controls within effective 
energy management in processes [1]. 
 
First of all, operational control in corporate strategies should be seen as a guide for effective system management. 
In this context, in this study, the improvements in energy consumption that will be provided in the system by optimizing 
the operating parameters by directly considering different production processes, are examined on the basis of a 
cement production process. In studies conducted on different processes, the effects of direct operating parameters 
on energy consumption and their CO2 saving potential depending on fuel type were evaluated separately. At the end 
of the study, the improvements depending on the operating parameters and their effects on the sustainability of 
energy in the institutional direction were also evaluated. 
 
METHOD FOR OPERATIONAL CONTROL  

The effectiveness of energy management systems directly depends on the effectiveness of the developed planning 
process. Energy management, which has become widespread in industrial sectors and has different application 
processes, basically takes into account important energy usage points with a consumption share of 80% in total 
consumption potentials. The planning process, especially target definition, developed depending on energy 
management strategies, is an important step in achieving policy targets for important energy users. These targets and 
the effective energy management of the system are defined by energy efficient actions during the implementation 
process. These actions are, respectively, energy efficient training based on important energy users, operational control, 
energy efficient design, energy efficient purchasing and action processes based on improving performance. One of the 
most important points in these processes is the operational control process, which directly affects the performance of 
the energy user. As a matter of fact, in a study based on energy efficiency, it was evaluated that the improvements 
made in operational businesses could save about 20% [2]. 
 
Operational processes based on energy efficiency directly cover the key areas required for efficient operation, operation 
and maintenance, service providers and training. In this respect, operational controls in a business define a 
methodological approach that should be handled within the energy management system. In this study, the methodology 
given in Fig.1 was developed. 
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Fig.1. Operational control methodology 

 
RESULTS AND DISCUSSION 

Clinker and cement, which are obtained as products in cement production, are the two basic criteria taken into 
account in the enterprise, as in the whole sector. In this context, the energy density of the enterprise was evaluated 
with these two criteria. Accordingly, the three-year average of the enterprise based on total energy was found to be 
0.099 tep/ton.clinker in clinker, while this value was found as 0.081 toe/ton.cement in cement. If it is evaluated that 
this ratio is 0.07-0.75 toe/ton.cement in weight for developed countries in world cement consumption, it can be seen 
that energy efficiency needs to be improved in sectoral terms. The most important player in the distribution of energy 
consumption in the cement sector is the rotary kiln process. In this respect, the rotary kiln process can be seen as 
the most important user. However, it would be a more accurate approach to identify important consumers based on 
energy sources. In this respect, 6 important users in electricity and 2 important users in rotary kiln 1 and 2 processes 
for heat energy were examined for operational evaluations. Especially in heat processes, these two processes 
consume 99% of the total heat energy. According to these distributions, the operating parameters examined for a 
cement production and their limit values are defined. Intense operational parameters are remarkable for each 
important energy user in cement production. Cement production has many measurement parameters that every user 
takes as a reference due to its heavy consumption. In the study developed with the energy management system, 26 
operational procedures and 119 operating parameters that concern all users were determined. For the application to 
the action plans, 5 actions related to the operational operating parameters were defined and the savings targets were 
examined. In the analyzes made, a saving of 16500 mwh in thermal loads and an average of 550000 kwh in electricity 
was determined. With the optimization of the operational operating parameters of the enterprise, a saving potential 
of approximately 3% for electricity and 3.5% for heat energy has been determined in the annual total energy efficiency 
potential. 
 
CONCLUSIONS 

This study includes a field study to demonstrate the effectiveness of operational parameters in the energy management 
system. According to the analyzes made, it was seen that the efficiency of the operating parameters is about 3.5% in 
cement production. Keeping the operating parameters under control is valuable not only in terms of energy efficiency, 
but also in terms of life processes, maintenance costs and maintenance procedures of the production processes in the 
enterprise. In this respect, questioning based on the proposed methodology can be seen as an important management 
element instead of the traditional approach. Although this is revised depending on the processes, the control of 
operational parameters as a general approach is an important energy efficiency tool. It should be seen as a process 
that must be examined for processes with high consumption intensity in the enterprise. 
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ABSTRACT  

It is known that the building sector has a significant potential in global climate change with the energy demand based 
on fossil fuel consumption and the emission release it causes. The low efficiency of traditional heating preferences, 
especially in different climate zones, can be seen as the main reason for this potential. Potentials based on such system 
inefficiencies are basically a measure of the entropy potential of the system. This system-induced exergy destruction 
can also be expressed with exergy destruction due to the management problem of operational processes. For all these 
parametric evaluations, environmental indicators on an environmental scale will provide important conveniences for 
decision processes. In this study, exergy efficiency and entropy performances of an institutional building block related 
to heating demand management are comparatively examined. In this context, environmental sustainability indicators 
developed for the evaluation of systems have been defined. In addition, the improvements that can be made in the 
system with the effective parametric controls of the demand control are evaluated in terms of both efficiency and entropy 
in the system. At the end of the study, especially environmental effects were evaluated, and performance results related 
to process analyzes were defined.  

Keywords: Integrated Buildings, Energy, Environmental, Indicators, Sustainability 

 
INTRODUCTION 

Fossil fuel consumption, which is the main problem caused by global climate change and the main input of 
sustainable economy, is an indicator that should be managed within institutional structures and the share of these 
structures in total consumption is important. Especially within the scope of combating climate change, considering 
the emission potential of approximately 30%, energy and environmental management should be considered as a 
managerial process in corporate strategies. The first step in the fight against climate change was the United Nations 
Rio conference held in 1992. In this conference, the goal defined as “to realize sound, harmonious and consistent 
production policies at national and international level, taking into account environmental concerns in order to improve 
the functioning of goods and production markets and to optimize the contribution of this sector to sustainable 
development” is accepted as a start in the development of international awareness [1]. In fact, the international 
struggle process continued with the Kyoto protocol signed in 1997 and continues today with the Paris Agreement 
[2,3]. All these processes define a struggle process and responsibility in social structures. Considering the 
consumption share and responsibilities of the public authority, it is a fact that it has an active role in the development 
of energy efficient solutions for corporate strategies. The public authority has implemented some holistic projects that 
will improve energy efficiency and management, especially in recent years. The implementation targets in these 
projects show that they can provide significant gains depending on their current consumption in buildings. However, 
it should not be forgotten that application structures are a multidisciplinary choice in this structural transformation, 
target definition and system preferences for energy managements. For the basic target transformations, an effective 
model study according to the building sample of the public authority and the climate zone it is in is the basic need. 
First of all, the entropy potential was defined by considering the school sample referenced in this study. Then, the 
indicators developed for environmental sustainability were defined and their potential effects were examined. 
 
ENVIRONMENTAL SUSTAINABILITY INDICATORS 
 
The main criterion of inefficiency in energy systems is the losses caused by the systems. They are also the main source 
for the disorder of the environment. In thermodynamic terms, the criterion of this disorder is entropy production. Entropy 
in its most general form is a direct quantitative measure of disorder in a system. Therefore, the management of entropy 
has a key role in environmental sustainability. The main factors affecting the administrative processes of entropy are; 
1) System structure and factors affecting processes; The greater the functional complexity in system tools, the harder 
the entropy management and the greater the entropy generation. 
2) Structure and structural relationships of system components; System management and control is directly related to 
the structure of system components. Structural complexity affects the production of entropy. 
3) The efficiency and management of the system; Effective management of the system is a factor that directly reduces 
entropy production. 
4) Management continuity of the system; corporate governance continuity allows entropy to be controlled 
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Entropy management is an important parameter for environmental protection, primarily in environmental management 
strategies. For all processes that will improve energy efficiency in corporate structures, entropy management should be 
seen as an approach based on performance optimization [4-6]. In this study, two basic criteria were taken into account 
to define environmental sustainability. These have been developed based on the Environmental Performance Index 
(EPI), the functional relationship between entropy energy and the environment under ambient temperature. 
Sustainability in energy systems depends on effective efficiency management. The Sustainability index defined in the 
study expresses the boundary condition of possible improvements in systems and is a function of the entropy, energy 
and environment relationship directly related to improvement. 
 
RESULTS AND DISCUSSION 

This study evaluated the environmental performance of energy use behaviors in institutional structures. In this 
context, while the heat energy use behaviors of the reference building were evaluated cumulatively, the 
environmental criterion of system inefficiency was handled with two developed indices. In institutional structures, 
energy management infrastructure is a process that is often neglected, although it requires an institutional 
infrastructure. In this context, a study was carried out on a very productive example. The reference corporate structure 
is an integrated structure consisting of approximately 280,000 m2 of indoor space and six different building types and 
two boiler rooms. The usage area of the building has been planned as a service building and the construction feature 
of the building has been handled by evaluating the LEED certificate. The energy system infrastructure is a structure 
that is monitored and effectively controlled. The climate characteristics of the campus, especially in Istanbul, the 
consumptions are handled over the monthly average temperature values. The heat demand of the building group 
has been calculated based on these climate data, taking into account the holistic needs of the building. The indoor 
comfort temperature of the building was taken as 22 ºC and the operating demand was defined through the 
management processes of the building. 

The epis for both boiler systems are discussed separately. According to this performance distribution, the 
performance for p1 was found to be 0.42. However, the reference criterion was calculated as 0.0.28. The total exergy 
destruction at this potential was calculated as 41.07%. Within this potential, the improvement potential effect was 
calculated as 5.87%. This performance is important in terms of overall sustainability index. The improvement potential 
of the institutional structure according to the business characteristics, while a potential of 5.87% for P1, this value 
indicates a potential of 9.41% for P2. In this context, while the sustainability index was 0.36 for P1, this value was 
0.38 for P2. The institutional target represents a savings of 14.33% for p1, and this target of 20.31% for P2. This is 
seen as an achievable target in the energy management strategies of the enterprise. As a matter of fact, about 38% 
improvement opportunities were found in the cumulative total.  

CONCLUSIONS 

This study includes an evaluation based on two impact indicators based on the improvement of energy management 
and environmental sustainability in the strategies of corporate structures. While the main objectives of energy 
managements provide continuous improvement in energy efficiency in corporate strategies, they should also improve 
economic and environmental sustainability. In this context, the energy efficiency potential of the reference enterprise 
was calculated and the environmental impact indicators depending on the effect of this inefficiency were defined. In this 
context, the energy and exergy efficiency of the enterprise were found to be 57.23% and 55.02%, respectively. In this 
performance, the improvement potential due to environmental sustainability was found to be 14.33 for P1 and 20.31% 
for P2, respectively. This value can be seen directly as target productivity values for the organization. 
 
REFERENCES 

[1] Cao, X.; Dai, X.; Liu, J. Building energy-consumption status worldwide and the state-of-the-art Technologies for zero-energy 
buildings during the past decade. Energy Build. 2016, 128, 198–213. 

[2] Alam Shawkat, Sustaiable development and free trade institutional approaches, Routledge Taylor&Francis Group, London, 
2008, ISBN0-203-93606-X e book, Page 38 

[3] H.Soner Aplak, M. Z. Söğüt, Game Theory Approach In Decisional Process Of Energy Management For Industrial Sector, 
Energy Conversion and Management (ISI) ,74 (2013) 70–80 

[4] Thakkar V. (2015) Entropy Management Along with Energy Management for Sustainability, International Journal of Scientific 
& Engineering Research, Volume 6, Issue 6, June-2015, ISSN 2229-5518 

[5] Jing D. (2012) The Study on Business Growth Process Management Entropy Model, Physics Procedia 24 (2012) 2105 – 2110  
[6] Markina I.and Dyachkov D. (2014) Entropy Model Management of Organization, World Applied Sciences Journal 30 

(Management, Economics, Technology & Tourism): 159-164, 2014, ISSN 1818-4952, DOI: 10.5829/idosi.wasj.2014.30.mett.66 

 
  

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

275



 

Submission ID: 115 
 

EXPERIMENTAL AIR-COOLED BATTERY THERMAL MANAGEMENT APPROACH 
 

1*Burak Tarhan, 2Ozge Yetik ,1 T. Hikmet Karakoc  
1Eskisehir Technical University, Country Faculty of Aeronautics and Astronautics, 2 Eylul campus, Eskisehir, Turkey  

2Eskisehir Osmangazi University, Department of Mechanical Engineering, Faculty of Engineering and Architecture, 26480, Bati 
Meselik, Eskisehir, Turkey   

 
*Corresponding author e-mail: buraktarhan@eskisehir.edu.tr  

 

ABSTRACT  

Sustainable life requires the use of renewable energy. For this reason, the use of batteries stands out as a solution 
that takes environmental sensitivities into account. The importance and necessity of thermal management of batteries 
has been demonstrated through practice. Thermal management is necessary in order to ensure the balance between 
the cells, to prevent thermal escape and to improve the economic life of the batteries. In line with this goal, a new 
approach has been made with air-cooled cylindrical contact around the Li-Ion battery. It was studied on 20 Li-Ion 
battery cells connected in 4 series, 5 parallel and charged and discharged at 2C, 3C and 4C values. As a battery 
thermal method, a new approach has been made that is cylindrically wrapped around the Li-Ion battery cells. Battery 
tests were conducted under room conditions (25 oC). As a result, its temperature was measured as 29.8 oC without 
thermal management at 2C charge rate, and 27.4 oC in the air-cooled method at 2C charge rate. 

Keywords: Li-Ion battery, Air-cooled method, Thermal management  
 
INTRODUCTION 

The fact that emissions from the activities of modern life threaten human health and its future on a world scale 
gradually increases concerns about climate change and environmental health. Concerns about the environment 
trigger efforts to reduce pollution and costs in every field and guide the search for solutions. Transportation stands 
out as an area where these efforts are concentrated due to its share in environmental pollution. With the increase in 
pressure in terms of environmental effects in transportation, the need for fuel savings and increasing costs have 
made the use of battery technology mandatory [1]. According to the "Greenhouse gas emission statistics" published 
by TUIK in 2019, especially for the evaluation of greenhouse gas emissions and values in Turkey, it has been 
observed that the transportation sector accounts for 10% of the total CO2   gas emissions [2]. 

It is not ideal to use batteries only in transportation vehicles. For this reason, batteries are generally used together 
with a thermal method. In this way, it is ensured that the battery works at the ideal temperature and the battery life is 
increased. There are 2 methods for the thermal management of the battery; Liquid-cooled method [3,4] and air-
cooled [5,6] method. Since the design and applicability of air-cooled battery thermal systems is easier, this method 
was preferred in the study. But for the thermal design of air cooling, different flow paths such as symmetrical air flow, 
Z-type, U-type and J-type are designed. 

In an attempt to improve upon Z and U-type air flow channel configuration optimization for battery thermal 
management system, Li et al. (2019) introduced a novel J-Type air flow configuration. Simulation study was and 
optimization was carried out for a battery module cooled in a Z, U and J-Type air flow configuration battery thermal 
management system for comparisons. Based on their parametric optimization, their result showed a 35.3%, 46.6% 
and 31.1% reduction in temperature rise of cells under U, Z and J-Type air flow configuration respectively [7]. 

Chen et al. (2020), numerically studied five battery pack configuration and verified simulation results by conducting 
physical experiments. They developed a simple method to achieve symmetrical air flow inside each of the five battery 
pack by repositioning inlet and outlet vents on each original battery pack designs to get newly optimized battery 
packs; Further parametric optimization of cells spacing revealed that uneven cell spacing in the improved battery 
packs resulted in better battery thermal management system cooling performance just as battery packs with 
symmetrical air flow path did over their original counterparts [8]. 

Peng et al. (2020) carried out a study on the arrangement of the battery cells of the air-cooling system in their work. 
CFD analysis was carried out with horizontal and vertical air cooling by arranging the batteries as 1*20, 2*10 and 
4*5. It has been observed that air cooling is more effective when the battery cells are closer to each other [9]. 

In our study, 20 Li-Ion battery cells were used and designed as 4*5. It is made on a battery air cooling thermal 
management that wraps the lower and upper parts of the battery cells in a cylindrical manner. 

 
MATERIALS AND METHODS  

In the study, he worked on the 18650 cylindrical Li-Ion battery cell. The battery cells are connected in 4 series and 5 
parallel, and the connection type is given in figure 1. The battery pack has a voltage of 14.8 volts and a capacity of 10.4 
Ah. 
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Fig. 1: Battery cell Connection 
 
The battery cells are air cooled under 10 psi pressure. Battery cells charge-discharge cycle tests were tested at room 
temperature. Battery cells were tested at 2C, 3C and 4C charge-discharge rates. 
 
The devices used for battery thermal management and their functions are given in Table 1. 
 

Table 1. 

Device Function 

1 kW Source metre It provides battery charge and discharge settings and measurements. 

Thermal Camera It allows to examine the temperature change and air-cooling effect of the charge-
discharge cycle of the battery. 

Climatic Test Cabinet It ensures that the initial temperature of the charge-discharge cycle of the battery 
remains constant. 

BMS kart By controlling the voltage and current values of the battery cells during charging 
and discharging of the battery, damage to the cells is prevented. 

Battery cell load It discharges the battery. 

Compressor Provides air cooling required for thermal management of the battery. 

 
CONCLUSIONS 
When the battery cells are charged at 2C, 3C and 4C; 

-Reaching 29.8oC, 31.2oC and 34.7oC temperatures respectively in the absence of any thermal management 

-In the thermal management of the air-cooled coil, temperatures of 27.4oC, 30.2oC and 32.1oC were reached, 
respectively. 

According to this result, it was observed that air cooling thermal management was more successful at high C value. 
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ABSTRACT  

In recent years, abnormal environmental events have been observed frequently in our country and in the world. Against 
increasing environmental problems, more environmentally friendly and energy efficient products are preferred. With the 
developing technology, unmanned aerial vehicles (UAV) are used in many areas. In this study, the environmental effects 
of a fixed-wing UAV with a proton exchange membrane (PEM) fuel cell and a hybrid power group on agricultural lands 
and the sea were investigated. The life cycle assessment (LCA) method was used to reveal environmental impacts. 
Within the scope of the study, scientific researches on the use of PEM fuel cells in UAVs were examined. The PEM 
Hydrogen fuel cell UAV used in the study is introduced. Two different scenarios have been defined for this UAV. The 
PEM Hydrogen fuel cell UAV used in the study is introduced. According to the calculated environmental effects as a 
result of the study, the environmental effects on agricultural lands were higher than the effects on the sea.  

Keywords: Hydrogen fuel cell, Unmanned aerial vehicle (UAV), Life cycle assessment (LCA), Environmental impact   

 

INTRODUCTION 

Scientific researches are carried out on the use of fuel cells for the purpose of increase the flight times of UAVs.In 
this direction, optimum power consumption in fuel cells is modeled [1]. PEM hydrogen fuel cells were used to create 
the hybrid power pack [2], [3]. The energy production functions of fuel cells (DMFC) that use methanol fuel directly, 
which is another type of fuel cell, were investigated [4]. In recent years, research has been done on new types of fuel 
cells that use ammonia (NH3) as a fuel [5]. Research has been done on fuel cells that produce energy from H2 
provided by the hydrolysis of NaBrH4 [6]. Especially in mini-UAVs, there are studies indicating that aerostack-shaped 
H2 fueled PEM-FCs outperform Lithium-ion, Ni-MH batteries [7], [8]. LCA studies have been carried out on H2 and 
alternative fuels used in fuel cells [9].  

 
MATERIALS AND METHODS  

In this study, a fixed-wing mini-UAV was used, and its name is Hydra. Hydra was designed by Eskişehir Technical 
University Anatolia Aero Design Team. Hydra can take off by hand launch and has no landing gear. Therefore, it can 
land on the fuselage. The body, wings and part of the tail set are made of EPS foam. The wingspan is 2.8 meters. Its 
length is 1.6 meters. Maximum take-off weight is 6.5 kg. 
 
The main power unit consists of a 1300-Watt electric motor, 7-cell Lithium Polymer (LiPo) battery and propeller. 
Aerostack shaped 250-watt hydrogen PEM fuel cell was added to this power unit and a hybrid power unit was formed. 
It consists of PEM fuel cell, hydrogen tank and regulator. This power group is shown in Figure 1. 
 

 
Fig. 1. Power Unit of Hydra 

 
Two different scenarios were defined within the scope of the study. The first is a 1-hour flight over the agricultural lands 
in the Eskişehir Sarıcakaya Valley. The second is a 1-hour flight on a seacoast at an altitude of 0 – 300 meters, at a 
distance of 100 meters from the seashore to the sea. In both scenarios, there is no wind, and the average temperature 
is 15 °C. the LCA method was applied in the cradle-to-door process for calculate the environmental effects. In LCA 
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application, SimaPro 9.1 software was used. The analysis is based on the Ecoinvent 3.6 database. Calculated using 
CML-IA Baseline and ReCiPe method in software. In the calculations, impact categories such as abiotic depletion, 
abiotic depletion (fossil fuels), global warming (GWP100a), ozone layer depletion (ODP), human toxicity, freshwater 
aquatic ecotoxicity, terrestrial ecotoxicity, photochemical oxidation, acidification and eutrophication were selected. 
 
CONCLUSIONS 

A contribution to the literature will be made by revealing the environmental effects of a UAV with a hybrid power unit 
equipped with a hydrogen-fueled PEM fuel cell using the LCA method. Thus, with the developing UAV technology, it 
will set light to the production of more environmentally friendly and energy efficient UAVs. 
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ABSTRACT  

In this study, a novel marine diesel engine waste heat recovery layout is designed and thermodynamically analyzed 
for hydrogen production, electricity generation, water desalination, space heating, and cooling purposes. The 
integrated system proposed in this study utilizes waste heat from a marine diesel engine to charge an organic 
Rankine and an absorption refrigeration cycle. The condenser of the ORC provides the heat for the multi-stage flash 
distillation (MSF) process, which uses seawater as the feedwater. A portion of the produced freshwater is used to 
supply the PEM electroylzer array. This study aims to store the excess desalinated water in ballast tanks after a UV 
treatment. Therefore, it is expected to preclude the damage of ballast water discharge on marine fauna. The 
integrated system's thermodynamic analysis is performed using the Engineering Equation Solver software package. 
All system components are subjected to performance assessments based on their energy and exergy efficiencies. 
Additionally, the capacities for power generation, freshwater production, hydrogen production, and cooling are 
determined. The system's overall energy and exergy efficiencies are calculated as 25.3% and 13.4%, respectively, 
where the hydrogen production, power generation, and freshwater production capacities are 300.9 kg/day, 659 kW, 
and 0.535 kg/s, respectively. COP of the absorption refrigeration cycle is calculated as 0.4463. 

Keywords: Waste heat recovery, hydrogen production, desalination, power production, efficiency  

INTRODUCTION 
CO2 emissions caused by ships will significantly increase in the future, as the number of marine vessels is expected 
to grow continuously. According to a review conducted by D.Toscana and F.Murena [1], sea transportation now 
accounts for a more significant proportion of global trade in both quantitative and monetary terms. The number of 
commercial products is expected to grow at a 3.2 percent of annual rate till 2022. According to M.Yang [2], SO2, CO2, 
and NO2 gases emitted from exhausts are potential pollutants for rivers and the atmosphere. Furthermore, 30% of 
total NOx ejection is caused by ships, and CO2 poses a global warming risk. Two-stroke diesel engines are more 
prevalent in marine propulsion and continue to be used to power ships in the near future. According to the literature 
[3], a standard two-stroke diesel engine only transmits 49.3% of the thermal energy to the shaft while rejects 25.5% 
of the potential directly via the exhaust. The purpose of this study is to provide an in-depth examination of waste heat 
recovery (WHR) concepts for marine vessels. From this perspective, integration with WHR enables the system to 
produce more with the same input, allowing ships to consume less fuel, resulting in economic and environmental 
benefits. After turbocharging, exhaust gas temperatures range between 250 and 300 °C for two-stroke engines and 
300–350 °C for four-stroke engines, depending on engine load and surrounding conditions [4]. Therefore, even 
generating implements and electricity in a ship's main and side operations may be possible with a WHR system 
without increasing CO2 emissions or fuel consumption[5]. 
 
SYSTEM DESCRIPTION 
The proposed system is presented in Fig. 1. The exhaust gas with a potential heat capacity released out from the 
exhaust manifold with a temperature of 300-celsius degrees and a mass flow ratio of 111.1 kilograms per second. 
Specific amounts of heat will be transferred to isobutane and so that the energy need for ORC is supplied. After this 
point, the exhaust stream continues to the generator, which is a part of the absorption refrigeration system. Here, it 
brings the heat required to the system, which is worked with water and ammonia. The assumptions, such as the 
effectiveness and pressure losses pertaining to the heat exchanger and rectifier, are taken from the ref [6]. Then, the 
isobutene, which is in superheated vapor form since it is charged with the waste heat, and that gained pressure by 
the pumps, enters the expander. The produced work feeds the generator and so that electricity is generated as the 
alternative current. A certain amount of AC can be used for different purposes in the ship. Excess electricity can be 
converted into direct current to be sent to the PEM electrolyzer stack. The thermal efficiency of the PEM electrolyzer 
is chosen as 75%, according to the literature survey. The dead steam that comes out of the expander enters the 
heat- exchanger for condensation. Here, it rejects its heat to the seawater and changes phase. After that, the 
seawater, which is heated up, continues into multi-stage flash chambers, losing its pressure and the temperature 
gradually through cascade flash chambers from 100 kPa to 7.4 kPa. This study aims to store the excess desalinated 
water in ballast tanks after a UV treatment. Therefore, it is expected to preclude the damage of ballast water discharge 
on marine fauna. The rest of the water can be sent to the ballast and other water tanks. Water that is required for the 
PEM system is also supplied from this point. In this way, PEM delivers the electricity need from the ORC while 
providing the water from desalination chambers. Finally, it produces hydrogen and conveys it to the hydrogen storage 
unit. The brine at moderate temperature is also utilized for space heating with a radiator/heat exchanger mechanism. 
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Fig.1. Waste heat driven multigeneration system layout 

The system is modeled in EES. Calculations are performed under the assumption of steady-state flow, negligible 
changes in potential and kinetic energies. Considering the system's inputs and outputs, the overall energy, exergy 
efficiencies, and COP of the absorption refrigeration cycle are defined as follows: 

𝜂 =
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CONCLUSIONS 
In this study, a marine vessel waste heat recovery system for hydrogen production, electricity generation, freshwater 
production, cooling, and heating is designed and analyzed thermodynamically. The main findings of this study can be 
listed as follows: 
• The energy and exergy efficiency of the WHR system is determined as 25.3% and 13.4%, respectively 
• COP of the absorption refrigeration cycle is calculated as 0.4463 
• The energy of the organic Rankine cycle is determined as 12.7% 
• The net power production capacity of the WHR system is determined as 659 kW 
• The hydrogen production capacity of the PEM stack is calculated as 300.9 kilograms per day. 
• The freshwater production capacity of the WHR system is calculated as 0.535 kg per second 
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ABSTRACT  
Green energy strategies that offer an opportunity to reduce negative impacts on global warming has become more 
attention in recent years. This study presents a perspective on various green energy strategies for local governments 
through technical and environmental framework. The utilization of green energy is known as one of the rational 
solutions to urban environmental problems. The combination of energy efficient building design, energy efficient 
urban planning and energy efficient of transportation increases the capacity to cope with climate change of local 
governments. Furthermore, in today's green development, cities need to adopt environmentally friendly practices to 
maintain their competitiveness. In recent years, green energy strategies of local governments have been successful 
in reducing environmental problems caused by global warming. 

Keywords: Green energy, Global warming, Local governments, Urban planning,  

 
INTRODUCTION 

Urban energy use increases dramatically with the rapid population growth. Today, this energy demand is mostly met 
with non-renewable energy resources. The excessive use of non-renewable energy sources causes various major 
environmental problems in cities. Cities are major responsible of the global climate change with releasing the 
greenhouse gases, extensively. Decision makers are interested in green energy strategies for many reasons such 
as environmental and economic.  In this regard, many scientists and research groups have proposed various energy 
strategies to ensure the sustainable future [1-5]. Midilli et al. presented the main steps of the use of green energy 
technologies and implementation of the green energy strategies [5]. 
By the way, we have to solve these environmental problems urgently by implementing the green energy strategies, 
effectively. Planning the green energy strategies are more powerful if the national and local governments have a 
cooperation [6-8]. These strategies are mainly based on Ref. [5];  

• Understanding the concept of the green energy utilization, 

• Understanding the concept of sustainability, 

• Increasing the utilization of the green energy sources, 

• Providing the energy security, 

• Meeting the growing energy demand from renewable energy sources, 

• Reducing the environmental problems with the green energy strategies, 

• Determining the green energy strategic proposals for local governments with relevant actors, in detail. 

This study presents some green energy strategy proposals for local governments with a specific focus on urban 

planning. 

 

GREEN ENERGY STRATEGY PROPOSALS  
In the literature, there has been several projects applied to achieve the sustainable urban environment. These 

projects can be categorized as; net zero building, installation of street LED lights, biogas plants, smart transportation 

systems and renewable energy source farms such as wind, solar, hydrogen etc.   

In this regard, some green energy strategy proposals are offered in the below with considering the open literature.  

• Transition to new sustainable energy system 

• Production from different renewable energy sources 

• Ensure the energy self-sufficiency  

• The green growth vision  for urban planning process 

• Low carbon cities by reducing greenhouse gas emissions 
 

CONCLUSIONS 

"Urban green energy strategies" should be promoted that can make the cities sustainable with an comprehensive 
approach for environmental and energy problems. While the cities can become more sustainable by the new urban 
green energy strategies and also, urban environmental problems can be minimized. Cities should define a green 
energy concept for ensure the low carbon city according to the given criteria in the above. As a result, the defined 
green energy strategies are more useful if it coorperates at local and national level. 
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ABSTRACT  

TeacHy is a project funded by the Horizon 2020 program through FCH JU. The offers its network partners access to its 
educational material and the use of the MSc course modules available on the TeacHy web site. There are 12 partners 
from 11 European countries. Until this moment the partners contributed together to the realization of 20 didactical 
modules. 

Keywords: TeacHy, hydrogen, modules, master  

 
INTRODUCTION 

The project, entitled: Teaching Fuel Cell and Hydrogen Science and Engineering Across Europe within Horizon 2020, 
acronym TeacHy, is addressed to universities that have master's courses covering elements related to hydrogen 
economics and the benefits that will be obtained by implementing it. Also, the deliverables generated by the project 
are intended to be useful tools for teachers in various European universities, which deal with the implementation of 
hydrogen in the renewable energy and alternative fuels, so that the number of students, PhD students and specialists 
with up-to-date knowledge in this field, to be bigger and bigger. 
 
METHODS  

As hydrogen and its industry develop, gradually creating a specific market, the need for trained personnel becomes 
more pressing. TeacHy specifically addresses university and postgraduate education in hydrogen technologies across 
Europe. Through this project, the members of the consortium aim to train the student / master student in a scientific and 
technical-economic field of great interest and very current, with the obvious purpose of clarifying certain aspects that 
will be part and will contribute to the development of hydrogen economy. 

TeacHy made progresses in building a repository of educational material, and design and run a master course in the 
area of hydrogen and fuel cells technologies, accessible to students from all universities of Europe. The project has 
created a core group of highly experienced institutions collaborating with a network of associate partners (universities, 
vocational training bodies, industry, and networks). The consortia offers these partners access to its educational material 
and the use of the master course modules available on the TeacHy webpage. Any institution being able to offer 20% of 
the course content locally, can draw on the other 80% to be supplied by TeacHy project. This will allow any institution 
to participate in this European initiative with a minimised local investment. The project consortia provides solutions for 
accreditation and quality control of modules, and support student and industry staff mobility by giving access to 
placements. The continuous professional development (CPD) is integrated into the project activities. There is a portfolio 
of the educational material for the general public (e.g., MOOC’s. The project partnership covers the prevalent languages 
and educational systems in Europe. The associated network has over 20 partners, including two IPHE countries, and 
a strong link to IPHE activities in education.  

The didactic deliverables of the project deal with various problems posed by the beginning of the use of hydrogen in the 
energy sector, insisting on all aspects, in the immediate, medium and long term. The materials were produced as a 
result of extensive documentation of the 12 partners from 11 countries, scrutinizing the European and international 
portfolio of research, development and innovation of technologies involving hydrogen. 

The partners have prepared 7 compulsory (mandatary) modules, 11 optional modules and 2 additional modules. 

Compulsory modules: 

1. Thermodynamics (KIT), electrochemistry (KIT, BAS-IEES, INP), chemistry (KIT), 

2. Introduction to fuel cells, 

3. Hydrogen (production, storage, handling), fuels (P2G, P2X), electrolysers, 

4. Fuel cell modelling tools (POLITO, Grenoble INP) and control, 

5. Characterisation methods, 

6. Lab experience, 
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7. Hydrogen safety, 

Optional modules: 

1. Environmental analysis, life cycle analysis, 

2. Low temperature fuel cells (materials, stacks, thermodynamics, electrochemistry, chemistry),  

3. High temperature fuel cells (materials, stacks, thermodynamics, electrochemistry, chemistry),  

4. Low temperature systems, 

5. High temperature systems, 

6. Advanced characterisation, 

7. High temperature chemistry for SOFCs/SOEs,  

8. Fuel cell electric vehicles, 

9. Politics, markets, regulation, codes and standards,  

10. Energy systems and storage, 

11. Advanced modelling, 

Additional modules: 

1. Electrocatalysis, 

2. Power to X. 

Participants: 

1.  University of Birmingham – UBHAM; UK  

2  Technical University of Delft – TUD; The Netherland 

3  Politecnico di Torino – POLITO; Italy  

4  National Technical University of Ukraine 'Kyiv Polytechnic Institute' – KPI; Ukraine 

5  Denmark Technical University – DTU; Denmark  

6  University of Chemistry and Technology, Prague – UCPT; Czech Republic  

7  École Polytechnique Fédérale de Lausanne – EPFL; Switzerland 

8  Université libre de Bruxelles - ULB Belgium 

9  University “Politehnica” of Bucharest ( and ICSI Rm. Vâlcea); Romania  

10  Grenoble Institute of Technology - Grenoble INP; France  

11  Ulster University – UU; UK  

12 Karlsruhe Institute of Technology – KIT; Germany 

CONCLUSIONS 

The innovative contribution is that TeacHy enable institutions to offer educational courses that would otherwise not be 
available locally and allow students access to a mix of both face-to-face and e-learning content across borders. Any 
educational institution across Europe that fulfils minimum requirements and adheres to the project quality standards of 
delivery can participate in these activities. 
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ABSTRACT  

Ethanol and ethanol-gasoline blends have lower well-to-wheel emissions and are easily applicable for existing engine 
technologies. In the current study, a real engine has been modelled in which an ethanol-gasoline blend fuel is used. In 
addition, the effect of a real driving cycle on the performance of the engine is investigated. Considering the effect of the 
blend on the emissions, Life Cycle Assessment (LCA) for the vehicle is studied. The pollution effects of adding ethanol 
to gasoline fuel in well-to-wheels (WTW) in ICE engines are evaluated. Results show that these blends are viable 
alternatives for gasoline spark-ignition (SI) engines, regardless of their lower energy density. 
 
Keywords: Ethanol-gasoline vehicle, Electric car, Fuel consumption, Global warming. 
 
INTRODUCTION 

Bioethanol is increasingly promoted as an alternative transport fuel worldwide and its global production increased from 
17 to 86 billion litres between 2000 and 2011, accelerated with government supports such as mandates, subsidies and 
tax benefits [1]. Ethanol and ethanol-gasoline blends are being considered as alternatives to the gasoline in spark-
ignition (SI) engines. Ethanol is commonly used as a blend with gasoline and the most typical blends are low blends 
such as E10 (E represents ethanol and the number represents the volume percentage of ethanol) for regular gasoline 
vehicles. High blends such as E85 are used in flexible fuel vehicles (FFVs) that can run on any mixture between pure 
gasoline and E85. These blends have some disadvantages compared to gasoline. The lower energy density of the fuel 
mixture results in higher volumetric fuel consumption, which decreases the vehicle driving range for each charging of 
the fuel tank. The higher latent heat of vaporization results in cold-start issues [2]. The issues are more pronounced 
when higher-level ethanol blends are used. On the other hand, higher knock resistance results in better engine efficiency 
at higher loads [3]. The flex-fuel vehicles that are currently available in the market have demonstrated improvements in 
terms of material compatibility, calibration changes to meet fueling requirements, and injection timing. The higher octane 
number of ethanol blends can be further exploited by using higher compression ratios and making additional calibration 
changes [4, 5]. In this study, a real engine has been modeled and ethanol-gasoline blend fuel is used which is a new 
fuel that is used all around the world. In addition, the effect of a real driving cycle on the performance and LCA of the 
vehicle is investigated. 
 
MATERIALS AND METHODS 

Life Cycle Assessment (LCA) method is based on a comprehensive assessment of the economic and environmental 
impacts of a technology, product, or service. This internationally recognized evaluation tool helps decision-makers 
to determine the impact of new products on the environment. The pollution effects of adding ethanol to gasoline fuel 
in well-to-wheels (WTW) in ICE engines are evaluated in this regard. For the current research, GREET software is 
used. It is obtained through the analysis of greenhouse gas emissions so that the vehicle travels through the 
worldwide harmonized Light vehicles Test (WLTC) driving cycle over a distance of 100 km. 
 
It is also worth noting that ethanol and gasoline production results from the US are considered as a basis. The engine 
has been simulated to calculate the fuel consumption. For this purpose, the naturally aspirated PFI engine EF7 has 
been simulated in AMESIM software. Then with the help of EF& typical vehicle modelling in AMESIM software, fuel 
consumption has been simulated. It is calculated in the desired driving cycle, which is shown in Figure1. 
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Figure 1. AMESIM model of ICE engine 

 
RESULTS AND DISCUSSION 

The use of ethanol in gasoline as a potential option to reduce net CO2 emissions in the atmosphere, increase the 
octane rating of gasoline and reduce dependence on petroleum products has become a global trend. 
 

          
Figure 2. Total energy used for different fuels 

 

 

 
Figure 3. Comparison of the amount of Sox and Co as an example pollutants produced by each of the 

simulated vehicles for 100 Km with the help of GREET software. 
 

Adding ethanol to gasoline increases energy consumption (Figure 2) but shows a factor in reducing CO2 emissions 
in LCA analysis. This increase in energy compared to conventional and electric vehicles is the amount of fuel 
consumption. The simulation shows that when 10% of ethanol is added to gasoline (E10), fuel consumption increases 
by almost 12%. When 100% ethanol is used, it causes a 58% increase in consumption (Figure 2). Gasoline has 15 
times less SOx emission than EVs, where electricity comes from the natural gas power plants, and adding ethanol 
increases the amount of SOx, mainly due to ethanol production (Figure 3). The current study results also show that 
CO is one of the most dangerous pollutants, and the results show that the E10 mode reduces CO by about 7% 
compared to gasoline, but the use of E100 fuel reduces CO production by 2%. 
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CONCLUSIONS 

In general, the addition of ethanol increases the fuel consumption of the vehicle. It reduces CO2, which can be 
mentioned as a factor to reduce the consumption of other pollutants in the fossil fuel power plant. EVs. We also found 
that as the percentage of ethanol increases, the amount of energy consumption per km of vehicle drive increases 
but does not reduce pollution. In some cases, according to the ethanol production cycle, it also increases the SOx. 
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ABSTRACT 

Air quality has been an important topic due to its effects on both environment and human health. The local air quality 
measurements at emission sources hold importance in optimizing the overall air quality in a region. Hazardous particle 
emission locations as industrial chimneys, landfill crematoriums, thermal reactors must be filtered for better air quality. 
Even after filtering, problematic locations must be inspected within periods to understand if the filter is faulty. In this 
point, unmanned aerial vehicles (UAVs) are efficient platforms in terms of costs that have been used in inspection works. 
In this study, a custom-designed multirotor UAV with carbon monoxide sensor and a data collection module was 
designed. Collected data transmitted to a cloud server using Internet of Things (IoT) technology. A novel sensor 
extension design was used to keep the sensor away from propellers. Flight tests have been conducted and the air 
quality measurements were performed. A heatmap was created using live flight data. Challenges in this operation were 
explained to provide guidance for future researchers and entrepreneurs. Opportunities in such UAV platform appliances 
were detailed.  

Keywords: UAV, Drone, Air Quality, Pollution, Remote Sensing 

 
INTRODUCTION 

Unmanned aerial vehicle applications are considered as multi-disciplinary studies. Thus, the introduction was 
prepared as two sections to provide readers a well-rounded background. The motivation of this study is explained 
within the first section. The requirement for air quality measurements and control was explained in detail. The second 
section includes conventional methods for air quality measurements and previous UAV appliances in inspection 
tasks. 
 
MATERIALS AND METHODS  

Performing air quality measurement operations using a UAV as remote sensing platform requires a number of special 
design requirements.The vertical flow problem is an important characteristic issue must be considered when designing 
an air quality measurement drone. The vertical flow occurs around the propellers and mixes the air around the multirotor 
UAV. There are studies in the literature including airframe upgrades such as booms to extend the sensor for sampling 
from the undisturbed air [1,2]. 
 
Rotary wing UAV frames carry a high percentage of the structural and electronic equipment of UAVs and are generally 
the largest volumetric components of UAVs. Vacuum infusion technique provides a better fiber-resin ratio and spread 
closer to the optimum level compared to the other production techniques such as hand lay-up [3]. 
The rotor arms and landing gear of the UAV were made of shelf purchased carbon fiber tubes. Carbon fiber tubes have 
been widely used in UAV design applications to connect motors and the frame [4,5]. Polylactide (PLA) thermoplastic 
material was heated and then layered up using a 3D printer. 
 
Mission subsystem design of the AQM UAV were held carefully since its the most important subsystem that defines the 
performance of the overall system. The mission of the AQM UAV could be defined as autonomously detect and measure 
carbon monoxide particles in air as stated in previous chapters. The subsystem consists of a sensor that detects carbon 
monoxide, a sensor extension and a mission computer/board that gather the sensor data and perform the transmission.  
the AQM UAV were flown autonomously over the area on six meters altitude from the ground. Pre-determined waypoints 
were created using the ground station and the flight control card created a flight path for the mission. A heatmap of the 
flight area that based on carbon monoxide particle per million value was generated using the sensor data. Sensor 
carbon monoxide PPM readings were uploaded as live data to the IoT cloud server through Wi-Fi communication during 
the flight as labeled with timestamps. The sensor data that uploaded to IoT server with live connection is also presented 
as Figure1. 
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Figure 1. CO PPM Value - Local Time Chart 

CONCLUSIONS 

The conclusions of the study were detailed in the bases of methodology, challenges, and opportunities. Distancing the 
sensor and the airflow generated by the UAV components requires attention in these studies. There are applications in 
the open literature with no precaution and the rest of the applications use a solid boom type extension from the airframe 
as a conventional method. Thus, the hanging sensor extension used in the study provides a novel method for air quality 
monitoring UAV concept. Furthermore, the flight altitude of the UAV is not limited by the emission source. If the air 
pollution source is in ground level, UAV can maintain its flight in a safe altitude and avoid collision risks in the operation 
environment. 

IoT technology utilization in the study provided opportunity to gather and assess data on live transmission. Instead of 
saving the data on removable drives like an SD card would require human interaction for data assessment. Using IoT, 
entirely autonomous monitoring could be performed around potential problem sources. 

The main drawback of the autonomous monitoring using an AQM UAV is the uncertainties may arise during the 
operation. Windy air both affects data measurement quality and the UAV flight negatively. Thus, operation under this 
condition should be avoided for a healthy data acquisition.  
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ABSTRACT  
The current study is undertaken to investigate the renewable-based hydrogen production potential using wind power in Turkey 
with the statistical data. The wind energy options in different locations and cities are in this regard considered for both on-
shore and off-shore applications. Also, the undersea turbines are considered as a renewable energy potential. The output of 
generated hydrogen is described in detail for each city and for Turkey as whole, showing a big picture of wind-driven hydrogen 
generation. It shows a great potential for Turkey to be one of the leaders in green hydrogen production. 

Keywords: Green hydrogen, Wind energy, PEM electrolyser, Renewable Energy 
 
INTRODUCTION 
Intermittency is recognized as one of the main obstacles for renewable energy resources, particularly for solar and wind 
sources. One of the solutions is considered through Power to Gas or P2G to overcome this. The output of the main renewable 
resources, namely wind and solar are electricity, therefore, transforming the produced surplus electricity into a suitable energy 
carrier is expected to play a big role in improving the renewable energy systems. Hydrogen is treated as a promising energy 
solution, and there is a synergy among hydrogen, electricity and renewable energies. In terms of hydrogen production 
methods, two main groups are renewable and non-renewable resources. One can choose among different methods including 
steam reforming of methane, oil/naphtha reforming, coal gasification, biomass, biological sources and water splitting methods 
[1-2].  
 
The main idea of developing new infrastructures for hydrogen production is to utilize renewable resources out of the above-
mentioned options which will lead to the production of green hydrogen. The concept of hydrogen farm is developed for this 
purpose in which the available resources are exploited to provide green hydrogen as a sustainable path to feed the economic 
sectors and their activities [3]. Wind energy and hence wind farms are recognized as very feasible for energy production to be 
used in the electrolyzes to generate hydrogen. How much potential do we have in different regions of Turkey and more 
specifically in every city to produce green hydrogen is the main idea behind this study? The energy input to water splitters and 
the amount of produced hydrogen depends on the type of the electrolyzer. The proton exchange membrane (PEM) type 
electrolyzers are deployed widely. This type of electrolyzer is considered in this particular study to convert the excess power 
available from three sources, namely on-shore wind, off-shore wind and undersea current into hydrogen. In this regard, every 
city in Turkey is studied very carefully for its wind and current sources available and excess power availability after deducting 
the electricity needs. The hydrogen production potential for every city is then calculated based on the excess power availability. 
 
SYSTEM DESCRIPTION, ANALYSIS AND ASSESSMENT 
Electrolysis is known as an easily applicable approach for producing pure hydrogen where water electrolysis is based on 
the movement of electrons through an external circuit [4]. Table 1 lists the specifications for the polymer membrane (PEM) 
type electrolyser in the study. 
 

Table 1. Typical specifications of (PEM) type electrolyser. 
Specification PEM 

Cell temperature, °C 50-80 
Cell pressure, bar <30 

Current density, A/cm² 0.6-2.0 
Cell voltage, V 1.8-2.2 

Power Density, W/cm² Up to 4.4 
Specific energy consumption, kWh/Nm³ 4.5-7.5 

Hydrogen production, Nm³/h <300 
System lifetime, yr 10-20 
Hydrogen purity, % >99.999 

In the current study, a PEM electrolyser with an efficiency of 80% is considered for hydrogen production. Turkey’s average 
wind speed both in onshore and offshore areas, changes between 3.5 and 13.26 m/s as published by the General Directory 
of Meteorology [5]. This value increases in offshore areas. In this study, wind turbine with an 80 m height and 90 m wing 
length taken into account with a coefficient of 40% for both onshore and offshore calculations. For undersea commercial 
type turbine with a cut in speed 0.14 m/s is chosen because the undersea current potential is not very strong in Turkey. 
 
RESULTS AND DISCUSSION 
In this study, Turkey’s wind power sources are divided into two potential areas, namely onshore and offshore applications. 
For the costal cities, the potential undersea current is also considered. There are many cities in Turkey where mountains 
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are available. Some specific location factors are considered for identifying the availability for every location, including 
mountainous areas. Table 2 lists total hydrogen production potentials in Million tons (Mt) using wind power for onshore and 
offshore regions along with the undersea current power.  
 

Table 2. Total hydrogen production potential for every city.  

No. City 
Average 
Speed (m/s) 

Hydrogen 
Production (Mt) 

No. City 
Average 
Speed (m/s) 

Hydrogen 
Production (Mt) 

1 Adana 5.14 2.75 42 Konya 5.65 11.57 

2 Adıyaman 4.11 2.33 43 Kütahya 5.54 1.39 

3 Afyon 5.65 4.43 44 Malatya 4.5 5.27 

4 Ağrı 6.2 5.02 45 Manisa 5.65 2.04 

5 Amasya 5 0.78 46 Maraş 6.68 3.98 

6 Ankara 6.6 6.66 47 Mardin 4.7 3.05 

7 Antalya 4.16 6.79 48 Muğla 5.65 3.24 

8 Artvin 4.11 2.15 49 Muş 4.5 3.68 

9 Aydın 5.14 1.15 50 Nevşehir 5.11 1.43 

10 Balıkesir 6.17 3.58 51 Niğde 5.09 2.68 

11 Bilecik 5.1 0.69 52 Ordu 5.9 1.01 

12 Bingöl 5.6 3.46 53 Rize 3.90 1.13 

13 Bitlis 5.1 3.47 54 Sakarya 5.65 0.81 

14 Bolu 5.09 1.27 55 Samsun 6.17 1.57 

15 Burdur 5.7 1.64 56 Siirt 4.16 1.76 

16 Bursa 5.14 2.3 57 Sinop 5.65 1.76 

17 Çanakkale 8.23 2.84 58 Sivas 7.20 11.09 

18 Çankırı 4.1 2.53 59 Tekirdağ 6.68 1.14 

19 Çorum 5.11 1.82 60 Tokat 6.17 1.47 

20 Denizli 4.6 1.82 61 Trabzon 4.01 1.41 

21 Diyarbakır 4.5 4.7 62 Tunceli 4.0 3.1 

22 Edirne 6.68 1.75 63 Urfa 7.0 6.4 

23 Elazığ 4.16 3.97 64 Uşak 5.65 0.81 

24 Erzincan 5.8 5.64 65 Van 5.10 11.75 

25 Erzurum 5.65 11.06 66 Yozgat 6.17 3.24 

26 Eskişehir 4.16 2.97 67 Zonguldak 5.2 1.11 

27 Gaziantep 6.17 1.53 68 Aksaray 4.8 2.71 

28 Giresun 4.5 2.03 69 Bayburt 5.16 1.65 

29 Gümüşhane 5.3 2.29 70 Karaman 4.5 2.02 

30 Hakkari 5.1 3.25 71 Kırıkkale 4.9 0.78 

31 Hatay 6.6 1.31 72 Batman 4.1 1.81 

32 Isparta 5 2.19 73 Şırnak 4.0 2.39 

33 Mersin 5.1 3.25 74 Bartın 4.0 0.99 

34 Istanbul 6.68 2.25 75 Ardahan 6.6 2.81 

35 Izmir 5.65 4.18 76 Iğdır 3.5 2.01 

36 Kars 5.5 5.11 77 Yalova 6.17 0.28 

37 Kastamonu 5.4 2.72 78 Karabük 4.7 0.67 

38 Kayseri 6.17 6.38 79 Kilis 5.9 0.09 

39 Kırklareli 6.8 1.28 80 Osmaniye 4.5 0.38 

40 Kırşehir 5.1 2.01 81 Düzce 4.1 0.37 

41 Kocaeli 4.8 0.96  Total  235.15 

 
Figure 1 shows hydrogen energy map for Turkey in terms of hydrogen production potential using the excess power coming 
out of the onshore wind power in every city. The color codes are provided depending on the average wind speeds The 
locations with highest hydrogen production potential are shown in yellow while the black areas have insufficient potentials 
to generate hydrogen. The offshore wind energy potential is also considered in this study. The offshore wind increases the 
hydrogen production potential for cities, particularly for the ones on costal areas. Figure 2 shows both offshore wind 
potential and undersea current potential cumulatively for every city.  
 
CONCLUSIONS 
This paper has aimed to study the hydrogen production potential of Turkey by utilizing the excess electricity potentially 
available from wind and undersea current sources. This study has considered 81 cities together for cumulative potential of 
Turkey to play a critical role with its wind power. The results of the current study have shown that wind energy potential is 
a promising alternative resource for hydrogen production in different zones of Turkey using the actual data available.  
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Figure 1. Hydrogen production potential based on the excess power coming out of onshore wind power. 
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Figure 2. Hydrogen production potential based on the excess power coming out offshore wind and undersea current. 
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ABSTRACT  

This work focuses on the generation of blue hydrogen by steam reforming of a synthetic biogas mixture (CH4:CO2 = 
60:40) in a Pd-Ag membrane reactor, packed with a novel Ru-Ni catalyst, prepared via solution combustion method. 
The experimental campaign was carried out at 400 °C, weight hourly space velocity (WHSV) of 0.2 h-1, H2O/CH4 feed 
molar ratio between 1.5 and 2 and reaction pressure between 150 kPa and 250 kPa. As best result, the membrane 
reactor converted 99% of the inlet CH4, recovering a COx-free hydrogen stream in the permeate side and reducing the 
CO2 content present in the inlet biogas stream of around 90%. 

Keywords: hydrogen, membrane reactor, biogas reforming, CO2 reduction 
 
INTRODUCTION 

Nowadays, the necessity of pursuing a sustainable development is passing through the utilization of new and more 
eco-friendly energy carriers. Among them, hydrogen is receiving particular attention as it is seen as the fuel of the 
future to drive the society towards a green and decarbonized World [1]. Industrially, most of the hydrogen produced 
today comes from the steam reforming of natural gas [2]. According to the requests to limit the utilization of fossil 
fuels and favor the exploitation of bio-derived sources, biogas and biomethane have been recently proposed as an 
alternative to the natural gas to generate hydrogen through reforming reactions, with the objective of reducing the 
greenhouse gases pollution, under the perspective of the net-zero carbon emission [3]. In the meanwhile, membrane 
reactors (MRs) are receiving considerable interest as alternative devices able to generate and purify hydrogen 
simoultaneously in only one stage process [4]. Combining biogas and MRs to generate blue hydrogen may represent 
a valid option to the conventional multi stages process. The aim of this experimental work is to generate blue 
hydrogen by steam reforming of a synthetic biogas over a novel bimetallic (Ru-Ni) catalyst, recovering a COx-free 
hydrogen stream in the permeate side and reducing the CO2 amount present in the inlet stream.  
 
DISCUSSION 

Figure 1 shows that, during the biogas steam reforming tests at 400 °C, H2O:CH4 = 2:1 and WHSV = 0.2 h-1, CH4 
conversion in the MR increased with the pressure up to 99%, meanwhile favoring a larger recovery of COx-free H2 in 
the permeate side (> 30% at 250 kPa) due to the enhanced H2 permeation driving force through the membrane (higher 
transmembrane pressure). Furthermore, the removal of H2 from the reaction towards the permeate side promoted the 
shift of the steam reforming reaction, which was emphasized at higher pressure, globally favoring the inlet CO2 reduction 
up to achieving almost 90% at 250 kPa.  

 

Figure 1. CH4 conversion, CO2 reduction and H2 recovery vs reaction pressure during the steam reforming of biogas in a MR 
exercised at 400 °C, H2O:CH4 = 2:1, WHSV = 0.2 h-1. 

Comparing the performance of the MR with an equivalent conventional reformer exercised at the same conditions, a 
general decrease of CH4 conversion and CO2 reduction were observed by increasing the pressure, caused by the 
adverse thermodynamic, reaching at 250 kPa the values of around 40 and 26%, respectively. 
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CONCLUSIONS 

A Pd-Ag MR packed with a novel Ru-Ni catalyst was used to carry out the steam reforming of a synthetic biogas mixture 
reaching almost complete CH4 conversion at 400 °C, well below the normal industrial temperature used to perform the 
steam reforming of CH4 (700-900 °C) and recovering more than 30% of COx-free H2 in the permeate stream at 250 kPa 
and stoichiometric feed ratio. Furthermore, comparing the results between the MR and an equivalent conventional 
reformer operated at the same conditions, the MR showed superior performance in terms of either CH4 conversion 
either inlet CO2 reduction, demonstrating to be a valid and advantageous alternative to generate blue H2 with respect 
to the conventional reactors. 
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ABSTRACT  

Diesel engine is the prime mover of any economy. However, it emits harmful emissions which are a serious health 
issue for the humans, and it is also a cause of global warming. The consumption of diesel is also very high and the 
fossil fuel is depleting at an alarming rate. Therefore, it is imperative to look for alternates to diesel. One such alternate 
is the use of biomass-based fuel. In the present study 20% sweet almond oil was mixed with diesel on volume basis 
and engine tests were carried out. To further improve the engine performance and reduce emissions, hydrogen was 
inducted in the inlet manifold at different flow rates. The highest improvement in engine characteristics were observed 
at 30 LPM (litre per minute) flow rate of hydrogen. The thermal efficiency improved by 8.38% at full load for 30LPM 
flow rate of hydrogen as compared to blend fuel operation. Moreover, HC, CO and smoke emission for the same flow 
rate showed a maximum reduction of 70%, 56% and 27%, respectively, whereas NOx emission increased by 14% 
as compared to engine operation with only blend.  

Keywords: Sweet almond oil, Hydrogen, Emission reduction  

 
INTRODUCTION 

The growth of economy of any country is dependent upon energy. A report by International Energy Agency says that 
by the year 2040, the energy requirement of the world will increase by 40% of its present energy requirement and 
India’s energy requirement will be doubled [1]. To cater to its requirement for fuel, India imports oil from Saudi Arabia, 
Iran, Iraq and the USA. The issue with using petroleum oil is its rapid depletion and its negative effects on the 
environment [2,3]. Therefore countries are moving towards biomass based fuels which are renewable in nature, non-
toxic and biodegradable [4]. For compression ignition (CI) engines, biofuels as a fuel is being emphasized upon in 
last two decades. Since the CI engines are the preferred prime movers in the transportation and off-road sectors. 

In the present work, the feasibility of using 20% blend of sweet almond oil in diesel as a fuel for a single cylinder 
diesel engine is studied. Then hydrogen was inducted in the intake manifold and the engine’s performance and 
emission characteristics at various flow rates of hydrogen were studied. Since India has a huge population of single 
cylinder diesel engines therefore the characteristics of a dual fuel engine is worth studying. 

 
RESULTS AND DISCUSSION 

The engine used in the present study is a four-stroke, water-cooled, direct injection single cylinder diesel engine. The 
engine was manufactured by Kirloskar. The engine was loaded with the help of a water-cooled eddy current 
dynamometer. The fuel flow rate was measured using a burette and a stop watch. The engine exhaust emissions 
namely HC, CO and NOx were measured using an AVL gas analyzer. While the smoke opacity was measured using 
an AVL smoke meter.  20% blend of sweet almond oil with diesel and varying hydrogen flow rates (0 LPM – 30 LPM) 
were used for operating the engine. The engine was loaded from no load to full load in steps of 25%. The data was 
taken when the engine reached stable conditions. 
The variation in brake thermal efficiency with load for 20% blend of sweet almond and diesel, with and without 
hydrogen induction is shown in Fig. 1. It is seen that the efficiency increases with increase in load for all the test fuels 
as more fuel is injected with increase in load thereby releasing more heat energy. Also, as the hydrogen flow rate is 
increased the thermal efficiency increases and the maximum efficiency was observed with the highest flow rate of 
hydrogen. Since hydrogen is homogeneously mixed with air, the start of combustion causes the hydrogen to burn 
almost instantly and as hydrogen has a very high flame velocity, the entire combustion chamber is engulfed within 
no time. 
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The variation in unburned hydrocarbon emission is given in Fig. 2. 
The emission increases with increase in load for all the test fuels. 
The HC emission with hydrogen induction was lower than neat 
blend operation at all the loads. Increase in hydrogen flow rate 
resulted in decrease in emission and the lowest emission was 
observed with the maximum flow rate of hydrogen. The decrease 
in emission with hydrogen induction can be attributed to the 
substitution of carbon containing fuel with zero carbon fuel. Another 
reason for decrease in emission is the improvement in combustion 
with hydrogen as the flame reaches the crevices where the fuel is 
generally left unburnt. The variation in CO emission with load for 
the test fuels is shown in Fig. 3. It is seen that the CO emission 
increases with increase in load for all the test fuels.  

 

Fig. 1 Brake thermal efficiency versus brake power  

The CO emissions are formed when the oxygen availability is less and there are local fuel rich zones. As hydrogen 
replaces the liquid fuel, the emission is reduced and with increase in substitution the emission further reduces. As 
discussed previously, hydrogen is a carbon free gas hence on its combustion no carbon products are formed. 
However, the emission is formed due to the carbon containing blend. As the flame speed increases the turbulence 
in the cylinder increases which in turn allows the fuel molecules to find oxygen resulting in the near complete 
combustion of fuel thereby lowering the CO emission.  

 
Fig. 2 Unburned hydrocarbon emission versus  Fig. 3 Carbon Monoxide emission versus brake 

brake power       power 

 
Fig. 4 Oxides of nitrogen emission versus brake power  Fig. 5 Smoke emission versus brake power 

The variation in NOx emission with engine load is shown in Fig. 4. It is seen that the NOx emission increases with 
increase in load. The 20% blend of sweet almond oil and diesel resulted in lowest NOx emission since the combustion 
temperature and pressure was lowest with the fuel. As the high combustion temperature and pressure are the main 
reasons for NOx formation. Another reason for NOx formation is the presence of excess oxygen which is generally 
present in a diesel engine as the engine operates on lean mixtures. With the induction of hydrogen, the emission 
increases and as the flow rate increases the emission further increases. As hydrogen burns almost instantly, the heat 
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is released at a very high rate and the rate of pressure rise is also very high resulting in an environment conducive 
enough for oxidation of nitrogen. 

 
Fig. 5 shows the variation of the smoke opacity with load. The opacity increases with increase in load for all the test 
fuels. The highest emission was observed with the blend in single fuel mode. Induction of hydrogen in the intake 
manifold resulted in decrease in emission and with the increase in hydrogen flow rate the emission further decreases. 
Soot particles are formed due to thermal pyrolysis of the fuel molecules in absence of oxygen. As hydrogen replaces 
the carbon containing liquid fuel the probability of fuel getting pyrolyzed reduces thereby reducing the smoke 
emission. Also, the increase in turbulence due to burning of hydrogen allows the liquid fuel to burn in presence of 
oxygen thereby further reducing the emission. 

CONCLUSIONS 

In the present study, the performance and emission characteristics of a compression ignition engine were studied. 20% 
blend of sweet almond oil and diesel was selected for reduction in engine out emission and improvement in 
performance. To further improve the engine characteristics, hydrogen was inducted in the intake manifold at different 
flow rates (10LPM – 30LPM). At maximum flow rate of hydrogen, the maximum improvement in thermal efficiency was 
observed. At full load the thermal efficiency improved by 8.38% as compared to the engine operation with the sweet 
almond oil blend in single fuel mode. Similarly, a reduction in HC, CO and smoke emission was observed with hydrogen 
induction for all the loads. As the percentage substitution of hydrogen increases the emissions reduces. The maximum 
reduction in emission was observed at 30LPM flow rate of hydrogen. The HC, CO and smoke emission emissions 
reduced by 70%, 56% and 27% as compared to single fuel mode engine operation. Moreover, NOx emission increased 
by 14%. The study shows that the combination of hydrogen and sweet almond oil can give the dual benefit of 
improvement in engine performance and reduction in engine emission. 
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ABSTRACT 

Energy consumption of the airport terminals is intensive due to the passenger circulation and the enormous amount of 
closed volume. On the other hand, terminal buildings compromises service layers, food and beverage area, offices and 
shopping areas consumes high energy too. The energy consumption in these areas creates a severe environmental 
effect in the neighbourhood area. This paper is focused on highlighting the differences in environmental effects when 
using renewable energy. 

Keywords: Airport terminal buildings, Environmental effects, Energy consumption, Renewable energy, 
Environmental performance 
 
INTRODUCTION 

Airport terminals consume energy in three main sections: heating, ventilating and chilling (HVAC) of the building spaces, 
lighting of the areas, and the automation conveyors for the people and luggage items [1]. There have been many 
technological developments made for the current lighting technologies. These technological attempts ended with 
numerous transition projects to the light effect diode (LED) lighting in the airport terminal buildings [2]. LED technology 
can be developed into some intelligent technologies for the lighting of airport terminals [3]. Lighting comfort is an 
essential subject like the thermal and other amenities like automation systems in airports. Although information 
technology consumes power in the airport terminal buildings, computers and the system rooms consume high power 
as neither the automation devices nor the lighting implementation.  
On the other hand, heating, ventilating, and chilling systems consume much higher energy in airports, considering the 
environmental effects of the used energy type. The change in the energy supply can reduce the environmental effects 
caused by the consumption of energy. However, more efficient approaches to control environmental heat comfort 
control the zones in the large space buildings like airport terminal buildings [4]. Zonal modelling will help to improve the 
building’s thermal comfort and efficient energy consumption by the terminal management.  
The automation devices in the terminal buildings can be divided into two parts as passenger used devices and baggage 
systems. Baggage belts can assume 5 kW for each 10-meter part, carry 600 kilograms, and workload differs on the 
operating conditions of the slope [5]. The total baggage capacity for the airport will change by the length of the baggage 
system and the load on the belt system. Passenger travelators, escalators, and lifts are other automation parameters 
for the airport terminal energy consumption. This part of the problem can be solved by counting the number of items in 
the airport terminal [6]. 
 
MATERIALS AND METHODS  

The HVAC systems cause the biggest input variable for the airport energy consumption because of the intense nature 
of heating energy compared to the mechanical needs of the terminal's baggage conveyors or lighting needs.  
 
Table 1: Water cooled chiller capacity and COP ranges for the airports related part-load values [7] 

Chiller Type Capacity Range (tons) COP Range IPLV Range (COP) 

Reciprocating/Scroll 50 - 230 (400) 4.2 - 5.5 4.6 - 5.8 

Screw 70 - 400 (1250) 4.9 - 5.8 5.4 - 6.1 

Centrifugal 200 - 2000 (10,000) 5.8 - 7.1 6.5 - 7.9 

Single-Effect Absorption 100 - 1700 0.60 - 0.70 0.63 - 0.77 

Double-Effect Absorption 100 - 1700 0.92 - 1.20 1.04 - 1.30 

Engine Driven 100 - 3000 (10,000) 1.5 - 1.9 1.8 - 2.3 

 
Table 1 summarizes the installation capacity for the chillers of airport terminals. Although the coefficient of performance 
(COP) can be higher in some small-sized chiller units in HVAC, many other components consume energy or affect the 
environment by evaporating water in cooling towers. On the other hand, integrated part-load value (IPLV) defines the 
similar performance of the equipment and can be used for the total load of the chiller unit. There are similar energy-
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based assumptions and calculations for the heating part of the HVAC systems. In each type of energy consumption, 
there will be the cost of environmental performance can be calculated by the below exergy and exergo-economic 
equations [8].  

  

�̇�𝑥𝑄 + ∑�̇�𝑖𝑒𝑥𝑖

𝑖

= ∑�̇�𝑒𝑒𝑥𝑒 + �̇�𝑥𝑊 + �̇�𝑥𝐷

𝑒

 

 

�̇�𝑄.𝑔𝑒𝑛 + �̇�𝑃 + �̇�𝑐ℎ𝑖𝑙𝑙𝑒𝑟 = �̇�𝑄.𝑒𝑣𝑎 

 

Where �̇� is the exergy rate and �̇� represents the cost of the system. 
�̇� describe the mass flow rates of the appropriate system 

components. �̇� represents the function of the cooling capacity of the 
chiller. The indices of Q shows the heat rejection rate of each chiller 
unit. As W indicates the work and D indicates the destruction rate 
of the relevant chiller system. 
The Chiller system’s main parts have been described in the Fig. 1. 
Absorber, Solution Heat Exchanger, Generator, Condenser, and 
Evaporator are the system’s main components. These components 
have their thermodynamic analyses, and each of them can be 
calculated by their inputs and outputs. The environmental 
performance of the terminal building can be calculated after the total 
energy and work are calculated.  
 
The heating system’s thermodynamic, exergetic and exergo-economic analyses can be done by each of the systems. 
These analyses will show the performance of the terminal building. Terminal building’s design and HVAC efficiency will 
guide the points to improve environmental performance. These points can be exploited on the lighting strategy and 
automation smart-start approaches [9]. The energy consumption and energy used in the working areas will highlight the 
energetic environmental impact. 
 
CONCLUSIONS 

The complex energetic environmental effects and the guide points have been given for the large airport terminal 
buildings in this study. The major impact for environmental performance has been defined as HVAC systems. The 
lighting and electrical automation systems have been considered as a secondary effect in these buildings.  
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Fig. 1: A diagram for an absorption chiller [8[ 
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ABSTRACT  
The digestion of a slurry of sugarcane leaves and tops was compared with the co-digestion of a mixture of sugarcane 
leaves and tops and cow manure. The substrate slurry of sugarcane leaves and tops:cow manure:water at the ratio 
of 20:0:80 and that of the ratio 10:10:80 were prepared as the substrate for digestion and co-digestion, respectively. 
Fifty-milliliter syringes were used as anaerobic batch reactors in a trial to compare biogas production. Experiments 
were performed at 30 oC. The methane (CH4) yield from the system was used as an indicator of the reactor 
performance. The results showed that the CH4 yield obtained from the co-digestion of a slurry of sugarcane leaves 
and tops with cow manure was 145 L at standard temperature and pressure (STP)/kg chemical oxygen demand 
(COD) degraded while that of the digestion of sugarcane leaves and tops was 61 L at STP/COD degraded. The pH 
of the reactor for digestion was acidic and showed at 6.48 while that for co-digestion was just over neutral and showed 
at 7.33.  

Keywords: Agricultural waste, Anaerobic digestion, Biogas, Renewable energy, Sugarcane 
 
INTRODUCTION 

Nowadays, there is an increasing awareness that renewable energy is crucial for creating economic opportunities 
and protecting the environment. Anaerobic digestion is the bioreaction process for biogas production which can 
change agricultural wastes into renewable sources of energy. Leaves and tops of sugarcane can be sources of 
renewable energy because they have the ability to generate electricity [1]  that increases energy costs to protect the 
industry from economic decline. The harvesting of sugarcane is mostly done by labour or by mechanical harvesters. 
Sugarcane leaves and tops are often burnt prior to harvesting. This causes the increase of particular matter in the 
environmental perspective. A farmer of the sugarcane crop intends to earn extra income from the leaves and tops 
available from the sugarcane crop. In this paper, the leaves and tops were studied to be a source of biogas because 
their nutritional value is superior.The anaerobic co-digestion process is a reliable way to solve the disadvantages of 
a single substrate digestion system concerning substrate characteristics. In this study, the digestion of a slurry of 
sugarcane leaves and tops was compared with the co-digestion of a mixture of sugarcane leaves and tops and cow 
manure at 20% solid content. The methane (CH4) yield from the system was used as an indicator of the reactor 
performance. 
 

MATERIALS AND METHODS  

Ten 50 mL syringes were used as anaerobic batch reactors. The plain tip of syringes was sealed with silicone glue. 
The mixed substrate slurry of sugarcane leaves and tops:cow manure:water at the ratio of 20:0:80 (a slurry of 
sugarcane leaves and tops) was prepared as the substrate for digestion and that of 10:10:80 (a slurry of mixed 
sugarcane leaves and tops with cow manure) was prepared as the substrate for co-digestion. The ratio prepared 
was recommended by the previous studies [2,3,4]. The initial substrate slurry was analyzed for chemical oxygen 
demand (COD), total solids (TS), total volatile solids (TVS) and pH. Mixed ruminal microorganisms from cow rumen 
were used as the inoculum. The inoculum of 4 mL was added in all ten syringes. The bacterial biomass was measured 
in terms of mixed liquor volatile suspendeded solids (MLVSS). The prepared substrate slurry of sugarcane leaves 
and tops was added to four syringes for digestion and the prepared mixed substrate slurry of sugarcane leaves and 
tops and cow manure was added to another four syringes for co-digestion to make up 20 mL (Fig.1). Blank was 
prepared by adding inoculum and water (substitute for substrate) in the last two syringes. All ten syringes were placed 
upstanding in a rack. The bioreaction started at room conditions (30oC). The produced biogas in syringes was 
recorded every day and was sampled for CH4 analysis. A Shimandzu GC-2014 gas chromatograph equipped with a 
thermal conductivity detector was used to quantify the CH4 content in total biogas. The pH of the digested slurry was 
recorded every five days. The bioreaction stopped by 57 days when the biogas ceased. At the end of the batch 
process, the digested slurry was analyzed for COD, TVS, and pH. The experiment was repeated three times under 
the same conditions. Analysis was performed according to the procedure of the Standard Methods [5] and was 
conducted in duplicate. The results were calculated and expressed as the mean of the experimental values.  
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Fig.1. Syringes as anaerobic batch reactors for digestion and co-digestion. 

CONCLUSIONS 

Sugarcane leaves and tops could be a source of energy to produce biogas by using co-digestion process. The 
bacterial biomass was recorded approximately 5 g MLVSS/L. The results showed that the pH of the digested slurry 
in the reactor for digestion was acidic and showed at 6.48 while that for co-digestion was just over neutral and showed 
at 7.33 which is appropriate for microbial reaction. Co-digestion of the mixture of sugarcane leaves and tops and cow 
manure gave a higher yield than that of digestion of sugarcane leaves and tops. The methane yield obtained from 
the co-digestion of a slurry of sugarcane leaves and tops with cow manure was 145 L at STP/kg COD degraded 
while that of the digestion of sugarcane leaves and tops was 61 L at STP/COD degraded. The addition of different 
environmentally friendly co-substrate can improve the performance of the anaerobic process. However, the methane 
yield obtained from this study was still far from the theoretical methane yield (350 L at STP/kg COD degraded) [6]. 
The process improvement of biogas production from sugarcane leaves and tops still seeks further investigation.  

 
REFERENCES  

[1] Pierossi MA, Bernhardt HW, Funke T. Sugarcane leaves and tops:Their current use for energy and hurdles to  be overcome, 
particularly in South Africa, for greater utilization. Proceedings of the South African Sugar Technologists' Association; 
2016,89:350–360. 

[2] Sawanon S, Sangsri P, Leungprasert S, Sinbuathong N. Methane Production from Napier Grass by Co–digestion with Cow 
Dung. Chapter 7 in Energy Solutions to Combat Global Warming. Lecture Notes in Energy; 2017. 33:169–180. Edited by Xin–
Rong Zhang and Ibrahim Dincer. Springer Nature 

[3] Sinbuathong N, Khun–Anake R, Sawanon S. Biogas production from sunn hemp: International Journal of Global Warming; 
2019,19(1/2):24–36.  

[4] Sinbuathong N, Sillapacharoenkul B. Enhancement of biogas production from sunnhemp using alkaline pretreatment. Int J 
Hydrogen Energy; 2021,46(6): 4870–4878. 

[5] APHA, AWWA, and WEF. Standard Methods for the Examination of Water and Wastewater, 21 st ed. Washington, DC: 
American Public Health Administration; 2005. 

[6] Tchobanoglous G, Burton FL. Wastewater Engineering Treatment, Disposal, and Reuse, Revised from Metcalf & Eddy Inc. 
3rd ed. Singapore: McGraw Hill Inc.;1991.  

 
 

 

  

For measuring the total 

biogas and CH4 analysis  For pH 

measurement 

 

For final COD and 

TVS analysis 

analysis 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

302



 

Submission ID: 127 
 

COMPARATIVE SUSTAINABILITY INVESTIGATION OF HYDROGEN PRODUCTION 
METHODS  

 
1, 2* Canan Acar 

1 Bahcesehir University, Faculty of Engineering and Natural Sciences, Energy Systems Engineering 
Ciragan Cad No: 4 – 6 34353 Beşiktaş, Istanbul, Turkey 

2 University of Twente, Faculty of Engineering Technology, Thermal Engineering, 7500 AE Enschede, The Netherlands  
  

*Corresponding author e-mail: Canan.Acar@eng.bau.edu.tr; C.A.Acar@utwente.nl  
 

ABSTRACT 

Hydrogen has a crucial importance in combating global energy challenges. As a carbon-free energy carrier, hydrogen 
not only can be used to bridge the gap between intermittent renewable energy supply and ever-growing continuous 
energy demand. Hydrogen can also replace the use of fossil fuels in many applications as a sustainable fuel. Globally, 
the majority of the hydrogen supply comes from fossil fuels. However, in order to curb emissions causing climate 
change and address the limited nature of fossil fuels, hydrogen needs to be produced from renewable sources in a 
sustainable manner. With this motivation in mind, the aim of this study is to comparatively assess the sustainability 
of hydrogen production methods. Sustainability investigation is conducted by taking various criteria into account to 
ensure a comprehensive approach. The selected sustainability criteria are energy and exergy efficiencies, production 
cost, social cost of carbon, global warming and acidification potentials, and technology maturity level. 16 methods 
are assessed in this study, which are namely electrolysis, plasma reforming, thermolysis, thermochemical water 
splitting, biomass gasification, PV electrolysis, photocatalysis, photoelectrochemical cell, high temperature 
electrolysis, hybrid thermochemical cycles, coal gasification, coal gasification with carbon capture, steam methane 
reforming, steam methane reforming with carbon capture, photofermentation, and artificial photosynthesis. 

Keywords: Energy efficiency, Exergy efficiency, Global warming, Hydrogen production, Sustainability 

 

INTRODUCTION 

Our heavy fossil fuel-dependent energy systems are the primary driver of climate change. We see the results of climate 
change in its impacts on the environment, economy, health, biodiversity, and more. Extreme weather events, 
biodiversity loss, droughts, wildfires, disappearing of Arctic and Antarctic ice, sea-level rise, and loss of agricultural 
productivity are some of the effects of climate change that are expected to be worsened in the future if no actions are 
taken. In order to tackle all of the issues related to climate change, stopping the problem at its source, transitioning from 
fossil fuels to renewables is a must. Hydrogen is the key to enable this transition. 

In this study, a comprehensive classification of hydrogen production methods from renewable and non-renewable 
sources is presented, and these methods are discussed, assessed and compared. 16 hydrogen production 
technologies are compared based on technology maturity level, energy and exergy efficiencies, production cost, global 
warming potential (GWP), acidification potential (AP), and social cost of carbon. 

MATERIALS AND METHODS 

The hydrogen production methods evaluated in this study are given in Table 1. The performance data are taken from 
the sources [1-3]. The sustainability ranking performance of the selected methods are conducted based on the 
procedure described in [4]. 

 

CONCLUSIONS 

The primary sustainability investigation results show the following: 

• High temperature electrolysis has the highest and photofermentation has the lowest energy efficiency. 

• Hybrid thermochemical cycles have the highest and photofermentation has the lowest exergy efficiency. 

• Photoelectrochemical cells have the highest and steam methane reforming has the lowest hydrogen production 
cost. 

• Coal gasification has the highest and photonic based hydrogen production methods have the lowest global 
warming potential. 

• Biomass based hydrogen production options have the highest and photonic based hydrogen production 
methods have the lowest acidification potential. 

• Overall performance investigation shows that in the short term, steam methane reforming with carbon capture 
has the highest potential. 
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Table 1. Selected hydrogen production methods. 

Method 

Source 

Brief Description 
Primary 
Energy 

Material 

M1 Electrolysis 

Electrical 

Water 
Direct current is used to split water into O2 and H2 (electrochemical 
reaction)  

M2 Plasma reforming Fossil fuels 
Cleaned natural gas is passed through plasma arc to generate H2 and 
carbon soot 

M3 Thermolysis Thermal  Water Thermal decomposition of steam at temperatures over 2500 K  

M4 
Thermochemical 
processes 

Water 
splitting 

 
Water Cyclical chemical reactions (net reaction: water splitting into H2) 

M5 Gasification Biomass Conversion of biomass into syngas 

M6 PV electrolysis 

Photonic Water 

PV panels are used to generate electricity  

M7 Photocatalysis 
Water is split into H2 by using the electron-hole pair generated by the 
photocatalyst  

M8 Photoelectrochemical method 
A hybrid cell simultaneously produces current and voltage upon 
absorption of light 

M9 High temperature electrolysis 

Electrical + 
Thermal 

Water 

Electrical and thermal energy are used together to drive water splitting 
at high temperatures 

M10 Hybrid thermochemical cycles 
Electrical and thermal energy are used together to drive cyclical 
chemical reactions 

M11 Coal gasification 
Coal 

Conversion of coal into syngas 

M12 Coal gasification with CC Conversion of coal into syngas 

M13 Natural gas reforming 

Natural gas 

Fossil fuels are converted to H2 and CO2  

M14 Natural gas reforming with CC Fossil fuels are converted to H2 and CO2  

M15 Photofermentation 
Photonic + 
Biochemical 

Biomass + 
Water 

Fermentation process activated by exposure to light 

M16 Artificial photosynthesis Chemically engineered systems mimic photosynthesis to generate H2 

 

REFERENCES 

[1] Parra D, Valverde L, Pino FJ, Patel MK. A review on the role, cost and value of hydrogen energy systems for deep 
decarbonisation. Renewable and Sustainable Energy Reviews. 2019 Mar 1; 101:279-94. 

[2] Wang YJ, Fang B, Wang X, Ignaszak A, Liu Y, Li A, Zhang L, Zhang J. Recent advancements in the development of bifunctional 
electrocatalysts for oxygen electrodes in unitized regenerative fuel cells (URFCs). Progress in Materials Science. 2018 Oct 1; 
98:108-67. 

[3] Nikolaidis P, Poullikkas A. A comparative overview of hydrogen production processes. Renewable and sustainable energy 
reviews. 2017 Jan 1; 67:597-611. 

[4] Dincer I, Acar C. Review and evaluation of hydrogen production methods for better sustainability. International journal of 
hydrogen energy. 2015 Sep 14;40(34):11094-111. 

  

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

304



 

Submission ID: 128 
 

HYDROGEN REFUELLING STATIONS: STATE OF THE ART AND PERSPECTIVES 
 

Doria Marciuš, *Ankica Kovač, Matej Paranos 
University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Department of Energy, Power and 

Environmental Engineering, Ivana Lučića 5, Zagreb, Croatia 
 

*Corresponding author e-mail: ankica.kovac@fsb.hr  
 

ABSTRACT 

The rapid development of hydrogen technology over the last decade is the result of the public comprehending the 
gravity of environmental pollution and global warming necessitating a drastic reduction of greenhouse gas emissions. 
Hydrogen technology that has the biggest impact in media is a fuel cell electric vehicle (FCEV), no matter its small 
segment in the overall hydrogen application. For this reason, amongst the other considerable benefits, FCEVs are 
ideal promotors of a hydrogen society. For hydrogen to progress further into the vehicles industry and for users to 
comfortably drive FCEVs, it is imperative to build an adequate infrastructure of hydrogen refuelling stations (HRSs). 
Ergo, the rapidly growing number of HRSs and worldwide interest in forming hydrogen infrastructure, evident through 
hydrogen strategies incorporated in the newest national policies, are the key indicators of hydrogen technology 
development overall. This review brings HRSs infrastructure progress over the last decade, the period of the 
emerging hydrogen market, as well as estimated trends and future perspectives on the global level. 
 
Keywords: Hydrogen, Hydrogen refuelling station, Fuel cell electric vehicles, National hydrogen strategies 
 
INTRODUCTION 

Hydrogen in conjunction with renewable energy sources (RES) is established as an accelerant of the ongoing energy 
transition. The change in people’s awareness regarding the severity of climate change as well as the need for 
implementation of green energy solutions is being reflected through the newest national strategies. On July 14th, 
2021, as a part of the European New Green Deal, the European Commission announced a set of proposals 'Fit for 
55' with the most enthusiastic target yet, to reduce the greenhouse gas emissions by 55% (relative to 1990) by 2030 
[1]. With the newest legislation, European Union (EU) is promoting green hydrogen as a renewable fuel in the 
transport sector, where the decarbonization progress is slow [2]. The recognized vast potential of hydrogen resulted 
in a growing number of research and development (R&D) projects in the last decade, presently reaching its peak, with 
predictions of an even bigger increase [3]. According to Hydrogen Council’s report from July 15th, 2021 [4], 359 large-
scale projects worldwide with a total investment of circ. USD 500 billion through 2030, have been announced since 
the last report from February 2021. Moreover, their estimations show that low-carbon hydrogen production capacity 
will exceed 10 million tons by 2030 (an increase of 60% since February 2021). This positive upward trend is also 
evident through the fast-rising number of HRSs. The global investments through 2030 in hydrogen-linked transportation 
projects, which include HRSs, amount to USD 16 billion, which makes transport the second most invested sector, just 
behind industry [5].  

 
HRS RECENT PROGRESS 

By the end of 2020, the number of 100 newly installed HRSs was exceeded for the first time, with an estimation of 
currently 553 active HRSs in the world [6]. When comparing these data with 2011, the number of installed HRSs 
increased by 157%. Moreover, in just 6 years, the number of HRSs in the world has more than tripled. Given the number 
of announced projects, it is realistic to expect the continuation of the positive trend in the years to come. Another 
contributing factor to the increasing numbers is the implementation of hydrogen strategies in national policies worldwide, 
as well as directives towards clean solutions to overcome climate change. The latest report of the IEA Technology 
Collaboration Programme [7] in 2021 shows that South Korea has opened the most HRSs, currently having 52 of them 
(with 1,200 HRSs planed by 2040), thus joining Japan (137), Germany (90), China (85), and USA (63). South Korea 
has the majority of the total of 34,804 FCEVs on the global level, which is the result of the country’s significant increase 
in the number of FCVEs during a single year (2020) due to their national roadmap development plan published in 2019. 
This accomplishment serves as a great motivator and proves that fulfilling the ambitious hydrogen strategy targets is 
achievable. One of the examples of such targets is Japan’s vision for 2025 and 2030, which includes the rise in the 
number of HRSs to 320 and 900, respectively [8]. Although according to the 2011 – 2021 statistics, USA trend of HRSs 
number is stagnant, their government declared a goal to have zero-emission by 2050. Therefore, California announced 
a yearly investment of USD 20 million until 100 HRSs are available for the public, with a plan to have 200 HRSs in 
operation by 2025 [9]. Other commendable examples of turning national policy towards decarbonization are the EU and 
China with the common goal to become carbon neutral by 2050. China’s government announced 53 hydrogen projects 
of which 50% are related to transport applications, with the most prominent one being Sinopec’s target to build 1,000 
HRSs with 500,000 t of green hydrogen capacity by 2025 [10]. Their further ahead plan is to build 5,000 HRSs by 2035 
[11]. EU expects to have a minimum of 747 HRSs by 2025, of which Germany plans to contribute the most with 400 
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installed HRSs. According to Hydrogen Roadmap Europe [12], there should be 3,700 HRSs across the EU by 2030, 
and 15,000 HRSs by 2040. As a part of the ‘Fit for 55’ legislative, the EU directed that one HRS will be installed every 
150 km along an urban area and the Trans-European Networks for Transport core network [13]. This hydrogen 
framework is expected to be finished in December 2021 and will explain in detail how green hydrogen will play a key 
role in fulfilling 2030 energy targets. One of Hydrogen Europe’s [14] recommendations for hydrogen strategy, is to 
implement multipurpose HRSs, usable for different transport applications (e.g., at airports and ports) at appropriate 
locations. Another notable proposal is for the Member States to include in their national policies, binding requirements 
on the HRSs number increase. Also, they suggest the regulatory framework for HRSs network alongside EU's ports 
for supplying small ships on the same location where they are being constructed, to eliminate the ‘chicken-and-egg 
dilemma’. Fuel Cells and Hydrogen Joint Undertaking (FCH JU) [15] also stated 2030 targets for their projects 
regarding HRSs. Among them, the most notable ones being a reduction in energy consumption and green hydrogen 
cost to 3 kWh / kgH2 and 6 EUR / kgH2, expanded lifetime and durability to 20 and 15, respectively, and making 99% 
of HRSs available for the public. Listed association's future perspectives alongside inspiring regulations emerging 
across the whole world, the forming of a commendable hydrogen framework is imminent. 
 
CONCLUSIONS 

To achieve climate neutrality by 2050, hydrogen technology development and worldwide implementation in the next 
decade is crucial for the present greenhouse gas emission (GHG) levels to drop substantially. Therefore, the 
governments are instituting scaling-up projects for clean energy solutions with the incorporation of national hydrogen 
strategies. An example of it being the EUs ‘Fit for 55’ proposal with extensive investments into green hydrogen projects. 
The development of hydrogen society is the most evident through the rapid expansion of HRSs infrastructure as well 
as multiple nation’s ambitious plans, which if accomplished, will increase the global number of HRSs to at least 22,351. 
Present leading countries in the number of installed HRSs are Japan, Germany, China, and the USA. Given the 
worldwide incline trend of the number of active HRSs, it is eminent that the huge potential of hydrogen in the transport 
sector is recognized, contributing to the stabilization and social acceptance of hydrogen technology. Presently, GHGs 
in the transport sector are still increasing, which is why the expansion of the HRSs network is essential for accelerating 
the ongoing energy transition. 
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ABSTRACT  

The main intention of this study is to look at hydrogen as a clean and promising alternative to diesel fuel for buses. As 
fuel cells are the heart of the hydrogen buses, their degradation is one of the main challenges for their widespread 
deployment. In this study, a dynamic simulation for an actual city bus driving cycle and an existing fuel cell bus in 
Vancouver, BC, Canada is carried out. To have a realistic simulation and proper results, fuel cell degradation is 
predicted using various machine learning (ML) techniques. The results showed that PEM FC degradation can increase 
the bus fuel consumption for 21% which is equivalent to 12% of the total lifecycle GHG emission. The economic 
assessment prediction showed that if hydrogen FC bus wants to be cost competitive, 600 hydrogen FC bus should be 
produced each year.  

 

Keywords: Hydrogen fuel cell, degradation, machine learning, efficiency, fuel economy. LCA  

 
INTRODUCTION 
We are living in an era that both energy and the environment are the two major concerns. Energy is linked with almost 
all activities human beings are involved in. Environment, on the other hand, is strongly connected to energy, and the 
higher the energy consumption, the higher the emission will be released to the environment [1]. The importance of 
energy is significant when we know that during the last 30 years the world population has increased by about 45% 
and reached 7.9 Billion people. It is worth noting that during the same period, world primary energy consumption has 
increased by almost 63% between 1990 to 2020. It is also interesting to know that more than 85% of the world's 
primary energy consumption still comes from fossil fuels and the rest is provided by renewable energies, hydropower, 
and nuclear energy [2]. Looking at the global CO2 emission during this time shows an increase in approximately 50% 
of the total global CO2 emission. Transportation accounts for about 25% of the global CO2 emission where 74% of this 
emission contributed to road transportation. In road transportation, HDV and buses are responsible for almost 47% of 
the road transportation. Therefore, reducing the emission from HDV and buses is of great significant importance to 
mitigate global warming. There are several methods to reduce the emission from the transportation sector such as 
increasing public transportation, driving less, driving wise, improving the vehicle engine performance, reducing the 
vehicle weight, do not idle the vehicle, using low carbon fuels, using alternative fuels, etc. Among these options, 
alternative fuels such as CNG, LNG, biofuels, hydrogen, and electricity have gained growing interest during the last 
decades. Although CNG, LNG, and biofuels are good options to reduce emissions, they still come from fossil fuels 
which results in releasing emissions to the environment. Since most of the power plants still consume fossil-based fuels 
such as natural gas, oil, and coal, electric vehicles (EVs) face several limitations for widespread deployment. Hydrogen 
on the other hand is a good and viable option that can be considered as an alternative to gasoline and diesel as it does 
not have any Carbon which eventually eliminates the CO and CO2 emissions [3]. In addition, its heating value is higher 
than all the conventional fuels. Hydrogen fuel cell vehicles can offer a promising way to reduce emissions however they 
still face some challenges such as the high cost of fuel cells, fuel cells longevity and degradation mitigation, how to 
produce and store hydrogen. Load cycling, freezing/thaw, humidity changes, mechanical stress, and radical attacks are 
the major causes of PEM fuel cell degradation [4]. In addition to this, the high cost of fuel cell buses is one of the 
challenges of using them. Whenever fuel cell costs are significantly decreased to the DOE objective of $40 kW−1, fuel 
cells can be cost-competitive for almost any form of power generation. Most of the research has not considered a fule 
cell degradation when they want to see technical, economical, and environmental aspects of hydrogen fuel cell buses. 
Thus, their results are not reliable. The main contribution of this study is to predict fuel cell degradation using some 
experimental data and with the help of various machine learning techniques. Once we predict the fuel cell degradation 
(i.e., voltage drop versus time), we can employ that in the vehicle simulation tool for the dynamic simulation. Since the 
driving cycle is one of the main parameters affecting any EVs, we consider a real driving cycle of a bus route in British 
Columbia, Canada. Simcenter Amesim software is used with the ability of dynamic simulation to calculate real-time fuel 
consumption, fuel cell degradation, and engine performance. 

MATERIALS AND METHODS 

For the dynamic simulation of a hydrogen fuel cell bus, a real driving cycle of a bus route in the city of Victoria, the 
capital of British Columbia, Canada is selected where velocity and road angle as a function of time is given. In Figure 
1, the bus route and the velocity and road angle are shown.  
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Figure 1. The bus route in the city of Victoria, BC, Canada (A), the velocity and road angle profile (B) 

 

For the PEM fuel cell degradation, four different machine learning (ML) prediction methods including, Deep Neural 
Network (DNN), Simple Recurrent Neural Network (SRNN), Long Short Term Memory network (LSTM), and 
Bidirectional Long Short Term Memory (BLSTM) are implemented to predict the fuel cell output voltage. Figure 2a 
shows the fuel cell voltage drop training and prediction and Figure 2b shows the screenshot of the simulation of a 
hydrogen fuel cell bus.  

A

 

B 

 

Figure 2. PEM fuel cell voltage drop prediction using machine learning methods (A), a screenshot of the simulation 
from Amsiem software 

To see the effect of fuel cell degradation on the total energy consumption and the fuel consumption, the dynamic 
simulation is used with the driving cycle, hydrogen bus specifications such as weight, drag coefficient, front area, etc 
and they have been implemented in the software. The results are shown in Figure 3. It indicates that after 2000 h of FC 
bus operation, the total energy consumption and the fuel consumption increase for about 23% and 21%, respectively.   

A 

 

B 

 

Figure 3. The effect of fuel cell degradation on the total energy consumption (A), fuel economy (B) 

In addition, the LCA showed that fuel cell degradation can increase the total lifecycle GHG emission for about 12%. It 
means that if the fuel cell degradation for FC buses were not considered, the results would not have been reliable and 
that can misguide the policy maker when they try to mitigate the global warming. A comprehensive economic 
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assessment is carried out between 2009 to 2020 to see how fuel cell cost has varied. The results showed that in 2009 
the total lifecycle cost of hydrogen FC bus was almost five times more that diesel-power bus. In 2016, both FC bus 
purchase cost and FC maintenance dropped which eventually resulted in 50% reduction in the total lifecycle cost of 
hydrogen FC bus. However, this cost was almost double that the one for diesel. FC bus purchase cost and hydrogen 
cost prediction reveled that if more than 600 bus are produced per year and hydrogen comes from SMR and the cost 
of this hydrogen production methods could drop for 15%, the hydrogen FC bus would be cost competitive, and the total 
lifecycle cost of FC bus would be 15% cheaper that diesel-powered bus.  

CONCLUSIONS 

In this research study, a hydrogen fuel cell bus with PEM fuel cell degradation prediction via ML is considered and 
dynamic simulation for a real driving cycle for the city of Victoria, BC, Canada was investigated. The results showed 
that fuel cell degradation plays a key role when FC bus deployment needs to be considered as a part of sustainable 
ground transportation. The results showed that PEM FC degradation can increase the bus fuel consumption for 21% 
which is equivalent to 12% of the total lifecycle GHG emission. The economic assessment prediction showed that if 
hydrogen FC bus wants to be cost competitive, 600 hydrogen FC bus should be produced each year. It should be noted 
that all these numbers are based on the prediction and the hydrogen production method was from fossil fuel sources 
(i.e., SMR).  
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ABSTRACT  

In this paper, a technological assessment of a solar PV collector system for freshwater, cooling and electricity is 
evaluated. Technological assessment is made via use of energy and exergy analyses and system performance is 
carried out in terms of exergetic and energetic efficiencies. Desalination of water is carried out by employing freezing 
defreezing technique run by the evaporator of a vapor compression cycle. The heat from the PV is utilized for defreezing 
the water. A parametric study is carried out to see the effect of key parameters such as ambient temperature, evaporator 
temperature, and mass flow rate of freshwater. Analysis shows that system attains an energetic efficiency of 19.2% 
whilst exergetic efficiency as 7.5%. The system produces a net electric power of 4.7 kW and freshwater of 54 liter per 
hour.  

Keywords: PV collector, Freshwater, Cooling, Electricity, Energy  

 
INTRODUCTION 

In todays’ era availabillity of fresh water to masses is one of the main challenges and numerous efforts have been 
carried out by the researchers worldwide to solve this problem in a cost and energy effective way. One of the most 
popular method is the purification of seawater. Various methods like freezing defreezing, multistage flashing, reverse 
osmosis, forward osmosis, humidification dehumidification etc. are being employed to purify the seawater to obtain 
freshwater [1-3]. According to Youssef et al. [4] freezing defreezing technique may be an efficient way to produce 
freshwater for drinking purpose.  With the use of solar energy one can make this method more sustainable and 
renewable. This can be achieved by employing a vapor compression cycle to run freezing defreezing process 
operated by photovoltaic collectors. Atia [5] concluded that if the freezing defreezing process run by vapor 
compression method it can be a cost effective compare to other available methods.  

The key goals of the present study are as follows: 

• To design a system for cooling, electric power, and freshwater run by photovoltaic collectors 

• To use freezing defreezing process employing R-134a based vapor compression cycle 

• To do the technological assessment of the designed system via thermodynamic analysis 

ANALYSIS 

Photovoltaic collectors 

Cell temperature has an essential role in the performance of the photovoltaic collector. Duffey and Beckman [6] used 
the following equation is employed to find the temperarure of the cell 

𝑇𝑐𝑒𝑙𝑙 =
𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡+(𝑇𝑐𝑒𝑙𝑙,𝑁𝑂𝐶𝑇−𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡,𝑁𝑂𝐶𝑇)(

𝐺𝑇
𝐺𝑇,𝑁𝑂𝐶𝑇

)[1−
𝜂𝑚𝑝,𝑆𝑇𝐶(1−𝛼𝑝𝑇𝑐,𝑆𝑇𝐶)

𝜏𝛼
]

1+(𝑇𝑐𝑒𝑙𝑙,𝑁𝑂𝐶𝑇−𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡,𝑁𝑂𝐶𝑇)(
𝐺𝑇

𝐺𝑇,𝑁𝑂𝐶𝑇
)[

(𝛼𝑝𝜂𝑚𝑝,𝑆𝑇𝐶)

𝜏𝛼
]

      (1) 

The energetic and exergetic performance of the overall system are computed as follows: 

𝜂𝑒𝑛,𝑜𝑣 =
(�̇�𝑐𝑜𝑜𝑙+�̇�𝑛𝑒𝑡+𝐸�̇�𝑜𝑢𝑡,𝑤𝑎𝑡𝑒𝑟−𝐸�̇�𝑖𝑛,𝑠𝑤)

(�̇�𝑠𝑜𝑙)
         (2) 

𝜂𝑒𝑥,𝑜𝑣 =
(�̇�𝑐𝑜𝑜𝑙(

𝑇0
𝑇𝑒𝑣𝑎𝑝

−1)+�̇�𝑛𝑒𝑡+𝐸�̇�𝑜𝑢𝑡,𝑤𝑎𝑡𝑒𝑟−𝐸�̇�𝑖𝑛,𝑠𝑤)

(𝐸�̇�𝑠𝑜𝑙)
        (3) 

 
RESULTS AND DISCUSSION 

Technological assessment of the proposed system gives rise to various values of some key parameters which have 
been tabulated in Table 1. The COP of the vapor compression system found to be as 2.6 while the rate of work done 
by its compressor is 5.8 kW The net cooling produced by the proposed system is 6.0 kW. 
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Table 8 Value of key parameter obtain via technological assessment  
Key Parameter Value 

Isentropic efficiency of compressor (%) 74.1 

Evaporator temperature (℃) -5 

COP of the vapor compression cycle 2.6 

Cooling effect (kW) 6.0  

Work rate of compressor (kW) 5.8 

  

 

Fig. 1. Effect of ambient temperature on various efficiencies 
 

The effect of ambient temperature on the performance of photovoltaic collectors, and overall system is presented in 
Fig. 1. With the rise in ambient temperature, photovoltaic collectors and overall system performances declines. This 
trend can be a bit described by the point as the temperature of the ambient environment rises, work rate produced 
by the photovoltaic collector declines.  
 
CONCLUSIONS 

A solar operated trigeneration system that can be produced three useful outputs namely cooling, electricity, and 
freshwater is presented and evaluated for technological assessment by a thermodynamic analysis. Simulation results 
shows that presented system can produced a cooling effect of 6.0 kW with a freshwater production rate as 54 kg/h. The 
findings reported in the current research may assist the investigators to design more efficient system for remote areas 
where solar energy is abundant in nature and access to freshwater is limited.    
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ABSTRACT  
In this study, a carbon-free ammonia-hydrogen internal combustion engine is integrated with ammonia dissociation 
separation unit (DSU) and proposed for green vehicles. This integrated system aims to produce hydrogen onboard to 
enhance the combustion characteristics of the ammonia fuel and enhance internal combustion engine (ICE) 
performance to achieve an adequate performance comparable to conventional gasoline ICE. The proposed system is 
analyzed both energetically and exergetically. Also, the variation of ICE power and torque and available ammonia 
decomposition heat are studied during the different phases of the driving cycle.  

Keywords: Ammonia, Hydrogen, Fuel Cells, Hybrid Vehicle, Energy, Exergy, Efficiency 
 
INTRODUCTION 
The utilization of fossil fuels has a significant effect on releasing the greenhouse gas (GHG) emissions, particularly 
the release of carbon dioxide, which is believed to cause global warming (1). Transportation sector contributes with 
a significant share of around 61.2% of the world oil reserves, and it also emits around 23% of the global carbon 
dioxide emissions due to fuel combustion (2). Thus, utilizing alternative clean fuels in the transportation sector should 
be promoted and applied (3).Implementation of ammonia as a fuel in internal combustion engines (ICE) took place 
in Belgium during World War II because of the scarcity of fossil fuels supplies (4). Since then, there has been 
increasing interest in using ammonia as a potential fuel in vehicle applications has been flourished.  Grannell et al. 
(5) concluded that utilizing ammonia as a sole fuel in spark ignition (SI) ICE will result in a deterioration in engine 
performance. However, blending ammonia with combustion promoter such as gasoline with specific percentages 
leads to a substantial enhancement in the SI engine performance. Reiter and Kong (6) blended ammonia and diesel 
in compression ignition (CI) engine to study the combustion mechanism and emissions. The results demonstrated 
that, for the same engine power output, the engine with blended ammonia and diesel recorded higher carbon 
monoxide and hydrocarbon emissions compared to the engine operating with diesel fuel. Moreover, they observed 
that increasing the ammonia ratio in the fuel blend resulted in a higher ignition delay and causes a deterioration in 
the peak pressure of combustion. Hydrogen can efficiently function as a combustion promoter in ammonia ICEs, 
even a small amount of hydrogen (around 1% hydrogen to ammonia ratio by mass and nearly 10% by volume) 
blended with ammonia can achieve satisfactory combustion speed and better engine performance (7,8). Frigo and 
Gentili (8) utilized hydrogen as combustion promoter in an ammonia ICE. They found that adding hydrogen to the 
ammonia combustion process enhances combustion speed. However, the performance of the hydrogen-ammonia 
ICE was relatively low compared to a gasoline engine. Furthermore, no significant mechanical inconvenience existed 
in the ammonia-hydrogen ICE during the experiment. Ezzat and Dincer (9) proposed two energy systems for vehicle 
applications, the first one comprises liquefied ammonia tank, dissociation and separation unit (DSU) for thermal 
decomposition of ammonia and an internal combustion engine (ICE) to power the vehicle, hydrogen was produced 
on board and blended with ammonia for better engine performance. The present system is a hybrid system consisting 
of liquefied ammonia tank, DSC unit, a small ICE and a fuel cell system. In the present system, the hydrogen is 
ultimately produced on board and supplied to operate both the ICE and fuel cell system. 
 
SYSTEM DESCRIPTION  
The system displayed in Fig.1 consists of ICE, which is the primary powering source and can generate up to a 
maximum traction power of 118 kW. The power generated from the ICE will be delivered to the front axle drive via a 
manual transmission system. The starting of the ICE will be initiated by the battery as shown in the figure. The ICE 
will be fueled with a blend of ammonia and hydrogen fuels with a mass ratio of 1% hydrogen to ammonia. Ammonia 
is supplied to the ICE from the liquid NH3 tank placed at the rear of the vehicle. Liquefied ammonia leaves the tank 
and enters the pressure regulator at state point 1 so that the ammonia fuel is supplied to the ICE at the designated 
pressure of 2.5 bar. Ammonia leaves pressure regulator at state point 2, and the main stream will be divided into two 
streams. The first one enters the ICE at state point 4 providing the ICE with the required ammonia fuel, while the 
second stream will be used in the ammonia thermal cracking process via the dissociation and separation unit (DSU). 
The heat required for the ammonia decomposition process will be provided by the high temperature exhaust gasses 
which leave the ICE. The exhaust gases enter the DSU at state point 8 and leave the DSU at state point 9. Ammonia 
inside the DSU will be decomposed and separated into hydrogen and nitrogen. Nitrogen is released into the air 
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through state point 11. Hydrogen enters a heat exchanger at state point 6 so that its temperature can be reduced 
before it is supplied to the ICE and to provide a pre-heating process for the ammonia which enters the DSU unit. 
Hydrogen exits from the heat exchanger at state point 7 and enters the ICE to enhance the combustion process of 
ammonia. 

 
Fig. 1. Schematic of the integrated system with an ICE fueled with ammonia and hydrogen, and ammonia DSU for 

onboard hydrogen production. 
 
ANALYSIS 

The thermodynamics analyses of the suggested systems will be based on energetic and exergetic approaches. In 
this section, basic equations of energy and exergy for the different system components will be introduced. The 
analysis of the main powering option will be described. In addition, equations that are used for the dynamic analysis 
will be provided. 

The general conservation of mass in a control volume for any system can be expressed as follows: 

∑ṁin − ∑ṁout =
dm

dt
                                       

(1) 

Here,  m ̇ denotes mass flow rate, and the terms “in” and “out” refer to the inlet and outlet of the control volume. 

The conservation of energy equation can be obtained from the first law of thermodynamics as follow: 

E2 − E1 = δQ − δW                                 
(2) 

Here, E, Q, and W are the energy of the system, the heat, and work that the system exchange with the environment. 
The general energy balance equation can be presented as follows: 

Q̇cv + ∑ṁin (h +
u2

2
+ gz)

in
= Ẇcv + ∑ṁout (h +

u2

2
+ gz)

out
                                      

(3) 

where z is the elevation, V is the velocity and h is the specific enthalpy. 

The exergy balance equation describing any system is presented as follows: 

∑ ĖxQ + ∑ Ėxflowin = ∑ Ėxw + ∑ Ėxflowout + Eẋd                               

(4) 

where �̇�𝑥𝑄 represents the exergy transfer rate. Ėxflow denotes the exergy flow which transfer in or out of the system  

Ėxw refers to shaft work applied to or done by the system. And finally, Eẋd is the exergy destruction. 

 

RESULTS AND DISCUSSION 

For this system, a dynamic analysis is carried out using the world harmonized light vehicle test procedure (WLTP). 
This system is chosen to be modeled dynamically because it have the potential to replace the current conventional 
vehicle systems with minor manufacturing modifications to the current ICE design. Moreover, the parts that need to 
be added to the introduced system are not expensive. In overall, this system can be easily commercialized in the 
near future. The WLTP driving cycle consists of 4 phases with a total duration of 1800 seconds, and the vehicle in 
these phases experiences transition modes such as; accelerations, decelerations and idling, this is mainly to evaluate 
vehicle performance in every possible driving condition. The first phase is called the low phase, and its duration is 
589 second, the vehicle in this phase attains a maximum speed of 56.5 km/h. The second phase is called the medium 
phase, and its duration is 433 seconds, and the vehicle attains a maximum speed of 76.6 km/h. 
 
Fig.2 shows the ICE output power, torque, and DSU decomposition heat variation during the WLTP driving cycle. The 

3

Motor 

 

Liquid NH3 tank

IC
E

N2 to 
environment 

12

4

5
6

1
1

7
8

9

1
0

Air in

Heat exchanger

ADSU

B
at

te
ry

 

www.tuba.gov.tr wcest@tuba.gov.tr

TUBA World Conference on
Energy Science and Technology
(TUBA WCEST-2021) August 8-12, 2021 / Online

313



 

four phases of the driving cycles are separated for better presentation. In the first phase, the ICE output power and 
torque attains a maximum value of 43.79 kW and 210.3 N.m respectively at 228 seconds. The maximum 
decomposition heat available for ammonia decomposition is found to be 14.21 kW at 228 seconds as shown in Fig. 
4a. In addition, in the second phase, the ICE output power, torque, and decomposition heat attain maximum values 
of 43.88 kW, 210.3 N.m, and 14.24 kW respectively at 646 seconds as shown in Fig.2b. In the third phase, the ICE 
output power, torque and the heat available for ammonia thermal cracking reach maximum values of 43.79 kW, 210.3 
N.m, and 14.21 kW respectively at 1126 seconds as shown in Fig 2c. Finally, in the fourth phase, the ICE output 
power, torque, and decomposition heat reach maximum values of 52.74 kW, 213.6 N.m, and 17.12 kW respectively 
at 1724 seconds as shown in Fig.2d. 

 

 

Fig. 2. Torque and power and heat rates during the during the WLTP driving cycle for four cases. 

 

CONCLUSIONS 
An integrated energy system for vehicle applications comprising ICE, DSU unit is introduced and analyzed using 
energy and exergy approaches. The purpose of the introduced integrated energy system is to provide an alternative 
environmental clean transportation option for vehicle applications. The performance of the system is analyzed 
dynamically using WLTP cycle. The ICE output power, torque, and decomposition heat reach maximum values of 
52.74 kW, 213.6 N.m, and 17.12 kW respectively at 1724 seconds during phase four of the WLTP driving cycle.  
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ABSTRACT 
Regenerative cycle, copper-chlorine cycle, and electric heater with PID controller are studied in this paper to integrate 
them with MCFC to increase the efficiency of the overall system. Copper-Chlorine cycle is integrated to provide a 
stable stream of hydrogen and oxygen for the fuel cell. The Molten Carbonate fuel cell generates 1.203MW of power 
at 1.2V per cell. Waste Heat recovery system is installed, namely regenerative Steam cycle which produces 2.94MW 
of power. The total efficiency of system was found to be 57% with the total power generation of 4.143MW. 
 
Keywords: Molten Carbonate Fuel Cell, Copper-Chlorine Cycle, Regenerative Steam Cycle, Electric Heater, PID 
Controller 
 
INTRODUCTION 
The proposed system is different from the regular or typical multigeneration system with two or three components.  
The system incorporates Copper-Chlorine Cycle, Molten Carbonate Fuel Cell, Regenerative Rankine Cycle, and 
Electric Heater with PID Controller to maximize efficiency of this multigeneration system. Heated water exactly at 
4500C coming from Electric Heater with PID Controller is fed into Copper-Chlorine Cycle, which splits water into H2 
and O2 at 4500C and 5000C respectively. H2 and O2 are fed into Molten Carbonate fuel Cell for the generation of 
power with Heat and water as by-products. Water is then fed to regenerative cycle which recovers the waste heat 
and converts it into power. Exhaust heat from regenerative cycle heats water to 3110C which is fed into Electric 
Heater with PID Controller. PID Controller ensures that water is heated to precisely 4500C. The overview of the 
system is portrayed in the Figure 1. below. 
 

 

Figure 1. Project Overview 

System Description 
Nowadays the need for clean and cost-effective source of energy is evolving a lot. A cogeneration system is the one 
in which the production of usable heat and electricity merges into a single system which can substantially reduce 
carbon emissions and energy costs due to higher efficiency. Our cogeneration system starts with the Copper-Chlorine 
cycle. Copper-Chlorine cycle splits water to hydrogen at 4500C and oxygen at 5000C with specific flowrates which is 
fed into Molten carbonate fuel cells (MCFCs). Heat lost from MCFC is recovered by incorporating a regenerative 
steam cycle which receives the waste heat as input. Regenerative steam cycle involves extracting turbine’s 
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steam(bleeding) at various places for feed water heating, called feed water heater. Steam leaves the Regenerative 
cycle at 3110C and is directed to an electric heater, whose output is regulated by a PID controller at 4500C. This 
steam at controlled temperature is fed back into the CUCL cycle where the process repeats. Due to regeneration, 
efficiency of the Rankine cycle improves considerably. 
Dynamic model represents how the output parameters of whole system changes with time along with input 
parameters to achieve stability. The governing input parameter is the temperature of steam at the input of Cu-Cl 
cycle that is controlled with PID controller operating an electric heater. Stability of this temperature holds immense 
importance in attaining maximum efficiency of whole system. 

The heat which enters the copper chlorine cycle is governed by this thermodynamic model, which results in dynamic 
mass flow rates of hydrogen and oxygen as usable outputs from the Cu-Cl cycle. These flow rates generate dynamic 
voltage and output power response of the stack of fuel cell. By-product of the fuel cell is water which is produced 
dynamically. This water flowrate is then fed into regenerative cycle that produces dynamically stable output power of 
turbine. This water then enters the Cu-Cl cycle after passing through electric heater. This is how cycle is completed 
with a dynamically behavioral response. It is very important to have stable response of every sub system as stable 
system are robust, efficient, and effective. For this reason, tuning of PID controller is essential to achieve desired 
stable response. Tuning of PID controller needs optimized proportional (Kp), integral (Ki) and derivative (Kd) gain 
parameters to achieve maximum stability. Kp = -28807.622, Ki = -5510.389, Kd = 6070.815. 

RESULTS AND DISCUSSION 
The proposed system presents the integration of Copper-Chlorine Cycle with Molten Carbonate Fuel Cell along with 
waste Heat Recovery cycle. Molten Carbonate Fuel Cell’s steady state and dynamic models are modelled using 
MATLAB/SIMULINK R2020a. Implementation of Copper-Chlorine Cycle results in the generation of steady state flow 
of hydrogen and oxygen with mass flow rates of 3.23kg/s and 8.47kg/s respectively. Hydrogen and Oxygen with 
these flow rates are fed into Molten Carbonate Fuel Cell to generate a steady state Power of 1.2039750 MW as 
shown in Fig. 2. The voltage generated for each cell is 1.2V and a Cell stack of 100 cells is used. Simulation is carried 
out to evaluate these stated values which gives us an insight; before fabrication as to how the real system will operate 
and reduces the chances of defects as well as failures. 
 
A Regenerative Steam Cycle is used with open feed water heater to recover the heat lost from fuel cell. The overall 
output power achieved from the regenerative cycle is 2.944MW. Wastewater from Regenerative Cycle at 3110C is 
taken to an Electric heater with PID controller which heats water precisely to 4500C. PID controller is tuned as to 
optimize the heat supplied by electric heater. Every component of the system has an individual efficiency of less than 
50%, but once integrated together in such a way that losses are reduced by utilizing waste heat and optimizations 
by the use of PID controller, the overall system's efficiency came out to be 57% by using these approaches as shown 
in Fig. 3. 

 
Figure 2. Net Power Output of the system 

 
Figure 3. Overall Efficiency of the system 

 
CONCLUSION 
This cogeneration system turned out to produce acceptable results with considerably high efficiency. In this work a 
detailed model was developed in the MATLAB/SIMULINK R2020a. However, a typical efficiency of 70-80 % which is 
common for cogeneration systems can be achieved by carefully studying and minimizing some limitations. There are 
several limitations in the various components of the system used. Noticeably in MCFC ohmic losses, concentration 
losses and activation losses occur which significantly affects the efficiency of fuel cell. Taking measures to minimize 
them can considerably improve the efficiency of fuel cell. Other issues include combustibility of fuel, high installation 
costs, transportation of hydrogen etc. The efficiency of the regenerative steam cycle can be improved by increasing 
the number of feedwater heaters. Solution to these issues will be proposed in further studies. 
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ABSTRACT 

The present study focuses on the use of Back Propagation Neural Network for prediction of outputs from geothermal 
energy based multigeneration system. Accuracy of the system is studied with variable number of neurons. Errors have 
been calculated for all instances and compared with Neural networks consisting of different number of neurons. Results 
show that higher number of neurons will provide better accuracies for prediction but will take more time for learning of 
the algorithm.  

Keywords: Geothermal Energy, Multigeneration, Neural Networks, Machine Learning, Back Propagation 

INTRODUCTION 

Geothermal Energy across the world is used in Power Generation as well as other heating purposes [1,2]. These 
systems are used in countries where Geothermal Energy is available abundantly. Some of these countries are 
Iceland [3, 4], Philippines, El Salvador, Costa Rica, Kenya, New Zealand and United States of America. 
Multigeneration systems are designed to extract the most out of a Geothermal Energy system [5]. These systems 
can provide multiple outputs simultaneously without any change if form of energy as geothermal fluid is already in 
the form where consumption is easy [6]. Such systems can provide outputs which can easily be quantified by using 
thermodynamic equations. But another approach may be using Machine Learning and Neural Networks [7]. With the 
advancement in technology all around the world, Machine Learning is increasingly being used in different kinds of 
prediction systems with very high accuracies [8]. 

SYSTEM MODELING 

The complete multigeneration system as show in fig. 1 was modelled on EES and the following variables were selected 
as inputs; the mass flow rate of water extracted from the well, the quality of the mixture extracted from the well, and the 
operating temperature of the Generator in VAC [9]. 

The following four outputs were predicted using the artificial neural network; the work output of the turbine, the heat 
released by the condenser, the heat absorbed by the generator, and the heat available for water heating. 

Following assumptions were made for the analysis; no pressure losses in the pipe, steady state conditions, isenthalpic 
flashing and throttling, pressure at exit of the flash chamber is 1500kPa, turbine efficiency is 0.6, no heat losses in the 
pipes, turbine exit temperature at 170°C, dead state 25°C and 101.3 kPa, and negligible kinetic and potential energy 
changes. 

NETWORK DESIGN AND ANALYSIS 

Using a Matlab script, an input data comprising of 18000 different sets of inputs was generated. The mass flowrate of 
the water extracted from the geothermal mixture was varied between 10 kg/s to 300 kg/s with an increment of 5kg/s. 
The quality of geothermal mixture was varied between 0.4 to 0.9 for each value of mass flowrate and the operating 
temperature of generator was varied between 323K to 399K for each value of quality and mass flowrate. 

Back Propagation Neural Network [10] was selected for the prediction of outputs. The input layer consisted of three 
neurons for the three inputs and the out put layer consisted of four neurons for the four outputs. A single hidden layer 
was used and the number of neurons in the hidden layer was varied with 5, 10,15, 20, and 25 neurons. Parameters 
used of training of neural networks are presented in Table 1. 

Table 1. Training parameters fixed for the training of all five neural networks. 
 

 

 

 

Training Function TRAINLM 

Adaption Learning Function LEARNGDM 

Performance Function MSE 

Transfer Function TANSIG 

Total Epochs 1000 
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Fig. 1. Schematic of the multigeneration system 

 

Fig. 2.  Comparison of outputs of five neural networks 

 

 

RESULTS AND CONCLUSION 

The analysis of outputs of each of the five neural networks concluded that the network with 25 neurons in the hidden 
layer provided the most accurate prediction of outputs of the neural network. The comparison of output of this network 
with the target data is shown in table 2 while a comparison of outputs of the five networks is shown in fig. 2. 

Table 2. Comparison of output of neural netword data with target output. 
 

W_turbine Q_Cond Q_Evap Q_Hx 

Minimum Errors 0.0000% 0.0000% 0.0000% 0.0000% 

Maximum Errors 48.7720% 2.2140% 1.9872% 48.7205% 

Average Errors 0.3410% 0.1692% 0.1540% 0.3413% 
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ABSTRACT 

The main objective of this study is to investigate the role of machine learning on metal hydride based hydrogen 
storage which is one of the most important hydrogen storage technologies. In this regard, metal hydrides that are 
important technological materials used for hydrogen storage were discussed, including lithium hydride, sodium 
borohydride, lithium aliminium hydride, and ammonia hydride. Considering the features of these hydrides, it is 
investigated how machine learning can contribute to design and development of novel metal hydrides that offer high 
hydrogen absorption capacity, thermodynamically stable and fast kinetics in the transition to hydrogen economy. 

Keywords: Hydrogen storage, Metal hydrides, Machine learning, Artifical intelligence 

 
INTRODUCTION 

Solid-state hydrogen storage studies are foused on understanding the behavior of both composition and structure as 

hydrogen interacts with a variety of materials [1]. A desired metal hydride used for hydrogen storage should meet the 

all requirements of high gravimetric and volumetric density, reversibility, fast dehydrogenation/rehydrogenation 

kinetics, resistance to O2 for long cycle life, high stability, and high safety [2]. In order to find a suitable material and 

go beyond the current materials, several researchers conducted their studies by applying Machine Learning (ML) 

techniques. Prediction of material behaviours is the most common area of study in the literature (e.g. Rahmada et al. 

[3] attempted (i) to predict hydrogen storage capacity of MHs by comparing four ML models, and (ii) rank the 

importance of variables that effects the storage capacity. Ding et al. [4] adopted an ensemble ML to find out the most 

significant factor for the hydrogen release ability from LiBH4, and dehydrogenation temperature was found to be the 

most important one among fourteen variables. Under these considerations, this study focuses on the importance of 

utilizing ML methods for discovering new MHs that offers improved kinetics and thermal requirements for hydrogen 

storage systems.  

 
MATERIALS AND METHODS  

Machine learning is a subbranch of artificial intelligence that extracts patterns from a set of data, and then uses these 

patterns through algorithms to improve themselves with experience [1]. Its techniques can be classified into three 

categories viz. supervised, unsupervised and reinforcement learning, each has its own objectives and uses 

depending on the data. In the context of hydrogen storage materials the most employed ML models are mainly 

supervised approaches. The type of algorithm to be chosen based on the amount of data and data type (numerical, 

categorical, image etc.) can also greatly change the predictive capabilities of the ML model [5]. Fig. 1 shows the 

process of a supervised ML in metal hydrides for hydrogen storage. 

 
Figure 14. Flowchart of a supervised machine learning example 

Generally, in the design of MHs, besides high gravimetric and volumetric density, appropriate hydrogen binding 

energy, thermodynamic stability, fast charge and discharge kinetics, and mild operating conditions are desirable [6]. 

Any of these variables and/or the hydrogen storage targets can be specified as the output parameters (objective 
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function) to be optimized in the algorithm. However, determination of the parameters is a challenging process that 

needs to be carefully tuned. Common input parameters used in the literature are stoichiometries, elemental property 

statistics, heat rate, temperature ranges from PCT curves, pressure kinetic curves, dehydrogenation temperature, 

rehydrogenation temperature, rehydrogenation time, the cycle, enthalpy, thermal conductivity, molar ratio in case of 

using catalyst and other additives [1,3,7,8]  

 
CONCLUSIONS 

Strategically, the role of ML on metal hydride hydrogen storage can be listed as follows; 

1. Conducting studies of metal hydride for hydrogen storage by ML can take an important place in the transition to 

hydrogen economy globbally. Because the discovery of new thermodynamically stable and fast kinetic compounds 

that can be used in both mobile and stationary applications is crucial to make this transition faster. 

2. ML is a low-cost and safe way to explore new MHs with high hydrogen storage capacity before conducting real 

experiments. 

3. With the ability to design MHs by learning from existing material behaviors, ML can offer various optimal 

compounds that are suitable for any hydrogen storage applications by testing numerous combinations of metals and 

predicting their thermodynamic properties in a short time. 
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ABSTRACT  

In this study, a detail optimization study of the multistage refrigeration vapor compression cycle is carried out with the 
statistical and thermodynamical approaches. The energy and exergy efficiencies are calculated for various experimental 
designs. R152a shows the best thermal performance according to Taguchi approach. In the specified optimum 
conditions, the COP of 5.072 and the exergy efficiency of 18.46% are achieved. The evaporator temperature has the 
largest effect on the performance with about 51% in the case of COP and exergy performance.   

Keywords: Energy and Exergy analyses, Multiobjective optimization, Multistage cycle, Vapor compression 
refrigeration cycle  

 
INTRODUCTION 

The air-conditioning, heat pumps, and refrigeration systems are some of the largest energy consuming components 
in the global share. Vapor compression refrigeration systems are extensively employed for the domestic, commercial, 
and industrial applications due to their high coefficient of the performances (COP). Industrial refrigeration systems 
operate in low temperatures thereby requiring high grade energy and components with larger capacity. One of the 
most logical approach to achieve low temperatures is operating more than one stage refrigeration cycles in series. A 
mixing chamber can be used between the cycles instead of the heat exchanger when the same fluid is used in the 
cycles since it has a better heat transfer performance. There are a couple of studies to evaluate the multistage 
refrigeration-system as a function of the energy and exergy efficiency.  
The analysis for the refrigeration system is mostly about the fluid selection or deciding the optimum operation 
conditions regarding to the results of the general energy and exergy performances. There are many studies in the 
literature dealing with the optimization of the operational parameter with energetic or exergetic performance 
evaluations and deciding the appropriate refrigerant selection. Exergy is a useful tool for deciding location, 
magnitudes, and causes of irreversibility. However, the optimization approach may be misleading without considering 
a more detailed investigation. Parametric design trough the Taguchi method was successfully applied in many 
engineering disciplines. There are a few researches about optimization of the thermodynamic cycles involving 
refrigeration cycles, organic Rankine cycle (ORC), heat exchangers and heat-pumps. Shajaeefard and Zare [1] 
optimized the performance of the condenser without changing dimensions of the system by utilizing modified NSGA-
II and TOPSIS. The results indicated that the optimized condenser effectiveness improved about 3.3% compared to 
the fundamental condenser. Bekiloglu et al. [2] made a multiobjective optimization study of an organic Rankine cycle. 
The thermal conductance regarding to net power and performance-factor were selected as objective function. 
Isobutane, R1234ze(e), and R1234yf were the optimum fluids at the source temperature of 90°C, 120°C, and 150°C, 
respectively.  
 
The refrigerants selected by using TOPSIS solutions is considered as a group of ideal refrigerants for the optimization 
of the operating conditions of the multistage refrigeration. ANOVA and Taguchi analysis were employed to decide 
the significance of the operating parameters, the best possible working conditions, and their contribution ratio on the 
performance. The study aims to reveal the parameters’ impact weights, to find out the optimal working conditions 
and to decide the ideal refrigerants by considering with many aspects. 
 

MATERIALS AND METHODS  

A two-stage vapor compression refrigeration cycle was considered for the evaluation. Flash-chamber are used instead 
of heat exchanger because they have a better heat transfer characteristic. The system works in steady-state conditions. 
The heat loss in connection-pipe among the components and pressure drops connection of the components throughout 
the cycle were ignored. The expansion valves process was isenthalpic. The compression processes were assumed 
irreversible adiabatic.  The balance equation regarding to the first and second law of the thermodynamic are used in 
the energy and exergy analysis. Taguchi method is frequently used in all engineering fields in experiment design, 
obtaining optimum test parameters and deciding the effects of the system parameters on the performance. Taguchi 
enables to determine of the effect of parameters on the efficiency of the system by doing less experiments. The larger 
the better method was used due to the evaluation of performance in this study. S/N ratio is obtained as follows: 
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where i represents the test number, yi represents the result obtained in test number i [3]. 

CONCLUSIONS 

The contribution ratio of the parameters is illustrated for the case of COP and exergy efficiency in Figure 1. The 
parameters have quite similar effect on the COP and exergy efficiency of the system. The results indicate that the 
evaporator temperature has the largest effect on the performance with about 51% for the case of COP and exergy 
efficiency. It is followed by the condenser pressure effect of 40.9%. The contribution ratios of the other parameters have 
very low effect compared to the others. These are followed by the isentropic efficiency of the low- and high-pressure 
compressor with about 3.4% and 2.5%, respectively. The contribution ratio of the refrigerants is about 1.3%. The cooling 
capacity and interstage pressure have very insignificant effect on the performance. The parameters’ importance-levels 
were comparably found in Taguchi and ANOVA methods. The parameters having impact on the COP were found as 

B>C>E>F>A>D>G in descending order. Namely, the order is TEVA>TCON>C,L>C,H>Refrigerant>QL>Pint. R152a show 
the best thermal performance according to Taguchi approach.  In the specified optimum conditions, the COP of 5.072 
and the exergy efficiency of 18.46% were achieved. 
 

Table 1. System parameters and their levels 

  
Parameters 

Levels 

  1 2 3 

A Working fluid R134a R152a R600a 
B Evaporator temperature (TEVA, °C) -20 -15 -10 
C Condenser temperature (TCON, °C) 30 35 40 
D Cooling capacity (kW)  1 10 20 

E Isentropic efficiency of low pressure compressors (C,L) 0.75 0.8 0.85 

F Isentropic efficiency of high pressure compressors (C,H) 0.75 0.8  0.85 

G Interstage pressure (Pint, kPa) (TEVA+ TCON)/2 √PEVAPCON    (√PEVAPCON)+ 5 ℃ 

 

 
Figure 1. Parameters’ contribution ratio of the exergy performance of Multistage Compression Refrigeration-system 
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ABSTRACT 

Renewable hydrogen for a deeply decarbonized future is considered to be an attractive energy carrier, which can be 
produced from many sources such as water, biomass, organic wastes, etc. by using different production techniques 
such as electrolysis, gasification, etc. In order to produce, store, distribute and use the renewable hydrogen, the 
renewable energy integrated hydrogen supply chain is required, which is one of the most important part of the renewable 
hydrogen ecosystem. Under these considerations, the main objective of this study is to investigate the basic criteria and 
determine the strategic framework for a renewable hydrogen ecosystem by developing the required hydrogen energy 
policies and strategies in terms of renewable hydrogen roadmap. In this regard, the following important issues are 
investigated and discussed in detail: i) why Turkey needs a renewable hydrogen ecosystem, ii) the key components, 
dimensions, structure, functions and stakeholders of the renewable hydrogen ecosystem, iii) the required key strategies 
and policies for renewable hydrogen roadmap, and iv) renewable hydrogen ecosystem readiness level (RHERL). 
Accordingly, the basic conceptual framework of renewable hydrogen ecosystem should be taken into consideration, 
including smart management of hydrogen ecosystem, applicable hydrogen policies and strategies, artificial intelligence 
integrated hydrogen ecosystem security and hydrogen ecosystem sustainability.  
 
Keywords: Hydrogen, Renewable Energy, Hydrogen supply chain, Hydrogen ecosystem 

 
INTRODUCTION 

Recently, world energy demand has increased because of the population growth, rapid technological developments 
and the high living standards. This has accelerated the consumption of economically available energy sources and 
caused some important world energy problems such as i) waste of resources, ii) decrease of economically usable 
fossil fuel reserves, iii) difficulties in alternative energy production, iv) Increased energy wastage, v) the emergence 
of inefficient energy sectors, vi) intermittent energy supply and supply-demand imbalance, vii) inequality and injustice 
in energy sharing, viii) energy security problem, ix) increasing energy demand, x) increasing energy cost, xi) 
increasing energy and environmental pollution, etc. All these problems are disrupting the global energy stability day 
by day [1-4]. Accordingly, they cause a negative impact on the social, environmental, cultural, industrial, technological 
and economic developments of a society in a country. In order to struggle these problems and overcome many 
difficulties, it is required to establish the cost-efficient renewable and clean energy ecosystem which can be 
renewable hydrogen ecosystem. A renewable hydrogen ecosystem includes renewable hydrogen energy demand 
and supply chain (containing of raw materials, renewable energy sources, renewable energy production technologies, 
renewable hydrogen production processes, renewable energy conversion technologies, integrated power generation 
systems, hydrogen storage systems, hydrogen distribution systems, hydrogen dispensing technologies), renewable 
hydrogen management sectors, hydrogen energy demand chain, hydrogen energy services, hydrogen energy 
utilization sectors, manufacturing sectors, artificial intelligence sectors, R&I and Commercialization sectors, hydrogen 
energy markets, hydrogen energy producers, hydrogen energy consumers, hydrogen policy makers, governments, 
media, private sectors, hydrogen import and export sectors, environment, livings, animals, flora, etc. Such an 
ecosystem is extremely important for the geostrategic, geoeconomic, geoenergetic, geopolitical, geoecological 
stability of the countries, as well as the security of the countries, as well as the economic and industrial stabilities. 

 
STRATEGY FRAMEWORK 

Renewable hydrogen ecosystem is a stable, renewable and sustainable techno-ecological system that creates a clean, 
balanced, efficient, economical and sustainable interaction among all components and stakeholders related to 
renewable energy supported hydrogen energy, the livings and the non-living environment surrounding those 
components and stakeholders.  
 
In order to develop a renewable hydrogen ecosystem, some strategies and policies are required. The most important 
of the such policies and strategies is to conduct a strategic sustainable useful interaction among the renewable hydrogen 
ecosystem, the livings and the non-living environment hydrogen in the region. Moreover, constitution of a strategic 
hydrogen terminal and bridge is another important strategy for a deeply decarbonized future of such an ecosystem. 
Although being a hydrogen energy terminal and a bridge brings many risks, it means managing and controlling the 
regional and even continental distribution of hydrogen energy and being a hydrogen playmaker. Being a hydrogen 
energy terminal and a bridge does not only mean managing hydrogen energy. It also requires the establishment of a 
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hydrogen energy knowledge pool, the establishment of highly specific hydrogen energy education institutions, hydrogen 
energy research centers, hydrogen energy technology zones. It also requires realizing the production and export of 
hydrogen raw materials, materials and products, the development and export of hydrogen technologies, as well as the 
diversification of hydrogen energy. In addition to these, renewable hydrogen ecosystem requires to manage a hydrogen 
demand and supply chain that includes hydrogen energy production, hydrogen energy conservation, hydrogen energy 
processing, hydrogen energy storage, hydrogen energy transportation, hydrogen energy consumers after hydrogen 
energy use in the process from the source to the end user. A schematic illustration of a renewable hydrogen energy 
ecosystem and the main sources of the instabilities in a renewable hydrogen ecosystem are illustrated in Fig. 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Main sources of the instabilities in a renewable hydrogen ecosystem 
 
CONCLUSIONS 

In order to establish a renewable hydrogen energy ecosystem, the basic conceptual framework should include 
smart management of hydrogen ecosystem, applicable hydrogen policies and strategies, hydrogen ecosystem 
security and hydrogen ecosystem sustainability. In this regard, the following strategies can contribute to establish 
a smart renewable hydrogen energy ecosystem: 

• Establishment of resource, data, information, knowledge, technology and marketing system related to hydrogen 
energy. 

• Empowering the stakeholders and sharing the knowledge for a sustainable hydrogen ecosystem in a deeply 
decarbonized future. 

• Establishing a hydrogen market economy based on the massification, internationalization, industrialization of 
renewable hydrogen ecosystem with country priorities. 
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ABSTRACT  

A solid oxide fuel cell (SOFC) is an electrochemical conversion device that generate electricity directly from oxidizing 
a fuel. SOFCs are made up of ceramic based material with operating temperatures ranging from 600°C to 1000°C 
that are mainly used in electricity and heat generations (especially combi-boiler applications). Single-cell SOFCs are 
combined with bipolar layers and transformed into stacks with obtaining high power densities. SOFCs have many 
advantages over other types of fuel cells [1,2]. These advantages can be explained as follows. (1) Since these type 
of fuel cells operate at high temperatures, there is no fluid in the liquid phase; thus there is no water management 
problem in this type of fuel cells; (2) cheaper materials and methods are used to produce electro-catalysts; (3) can 
be thermally integrated with other systems (e.g. Rankine cycle, Brayton cycle, and gas turbine) and can be easily 
used in compound power cycles; (4) It has a wide range of fuel usage due to its availability with fuels such as 
hydrocarbon, methanol and biomass; (5) carbon-containing gases transform into useful fuel by undergoing chemical 
conversion inside of fuel cell. This type of fuel cell has advantages as well as disadvantages: (1) Due to its high-
temperature operation, it has difficulties with its manufacture and durability, and (2) carbon deposition and sulfur 
poisoning problems occur when carbon-based gases such as methane and biogas are used. The main application 
of these fuel cell types is stationary power and heat generations. In addition, it has limited uses in transportation, 
military and portable applications. 
 

The aim of this study is to conduct mathematical model for SOFC with a novel approach to assess the electrochemical 
performance. Moreover, this model is suitable for the SOFC based integrated systems. In this study, the parallel 
circuit approach model is explained, as shown in Fig 1. In this approach, the oxidation of hydrogen and carbon 
monoxide is handled separately. Considering the parallel circuit approach, the cell voltages due to the hydrogen 
oxidation and carbon-monoxide oxidations is identical. The equations used in this model are also taken into account. 
It should be noted that the calculations of molar flow rates of each species entering and exiting the SOFC, equilibrium 
constant equations for reactions inside of the SOFC, steam to carbon ratio and fuel utilization calculations are 
considered in the model. The synthetic gas fed solid oxide fuel cell with anode recirculation is also considered.  
 

 

Figure 1. The equivalent circuit model for SOFC (adapted from Ref [3]) 
 
The results derived from the SOFC model are presented. In order to validate the model, a validation study is 
conducted to compare cell voltage and power density values taken from the literature data. Figs. (2a) and (2b) show 
the polarization and power density curves compared with the study published by Tao et al. (2005) [4]. The figures 
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show that the cell voltage and power density values are very agreeable to those of the Tao’s study. The detailed 
comparison with the errors is also presented in Table 1. 
 
 

 
Figure 2 The electrochemical performance curves (a) polarization curve (b) power density curve compared with 

literature data 
 
Table 1. The compared performance values between model and literature data 

Cell Current 
Density 
(A/cm2) 

Cell voltage from 
the experimental 

(V) 

Cell voltage 
found from 

the model (V) 

Error for 
cell 

voltage 
(%) 

Power density 
from the 

experimental 
study (W/cm2) 

Power 
density 
found 

from the 
model 

(W/cm2) 

Error for 
power 
density 

(%) 

0.1 0.86 0.8044 6.91 0.082 0.080438 1.94 

0.2 0.76 0.7267 4.58 0.15 0.14534 3.21 

0.3 0.68 0.6728 1.07 0.21 0.201836 4.04 

0.4 0.62 0.6313 1.79 0.26 0.252512 2.97 

0.5 0.57 0.5901 3.41 0.295 0.295048 0.02 

0.6 0.52 0.5552 6.34 0.315 0.333134 5.44 
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ABSTRACT  

Dual source heat pump systems comprise of a main cold source heat pump that is supported by an additional heat 
source. Two arrangements have been studied in detail: air source heat pumps combined with solar collectors; and 
ground source heat pumps coupled with solar collectors. In addition to a situation where solar collectors are devoted 
solely to direct heating, the solar system can be used with the heat pump in either a series or a dual source scheme. 
When set up in series, a higher COP can be achieved, but there is often a lower free energy fraction. This is due to the 
lack of direct solar heating, meaning that auxiliary energy is required more frequently. A careful analysis of all the plant 
elements, including location, heating and cooling demand, solar collector area, thermal ground probe length, etc. is 
fundamental for achieving the best outcome in terms of both good primary energy savings and profitable economic 
performance. 

Keywords: Solar energy; Heat pumps; Energy storage; Residential heating 

INTRODUCTION 

Heat pumps have a tremendous potential to bring renewable heating into houses. Because heat pumps are 
electricity-driven, there is a direct interaction with other energy demands within the built environment, such as PV 
panels and electric vehicles. By using heat pumps in a flexible way, it is possible to better integrate these different 
electricity-producing and electricity-consuming devices. Solar energy systems and heat pumps are two promising 
means of reducing the consumption of fossil energy sources and, potentially, the cost of delivered energy for domestic 
space heating and cooling with water heating. A logical extension of each is to try to combine the two to further 
reduce the cost of delivered energy. It is widely believed that solar heat pump combined systems will save energy, 
but what is not often known is the magnitude of the possible energy savings and the value of such savings relative 
to the additional expense. The principal advantage of employing solar radiation as a heat pump heat source is that, 
when available, it provides heat at a higher temperature level than do other sources, resulting in an increase in the 
coefficient of performance (COP). Compared with a solar heating system without a heat pump, the collector efficiency 
and capacity are materially increased due to the lower collector temperature required. 

The combination of a heat pump and solar energy system would appear to alleviate many of the disadvantages that 
each has when operating separately. During winter, the energy that could be collected by the solar system, but that 
would be too low in temperature to be useful for direct heating, may be used as a source for the heat pump. Because 
the solar collector storage system can supply energy at temperatures higher than the ambient outdoor air, the 
capacity and COP of the heat pump would increase over those for the heat pump alone, the peak auxiliary load 
requirement would be reduced, and the combined heating system would seem to operate more economically. The 
operation of the solar system at temperatures near or below room temperature would decrease the collector losses 
and allow more energy to be collected. The lower collection temperature might allow the use of collectors with one 
or no covers, and this would reduce the first cost from a conventional two-cover solar system. Finally, for those areas 
where warm temperatures occur during cloudy periods, the combined system might compensate for the reduced 
performance of the conventional solar system under cloudy conditions and the low capacity of the heat pump in cold 
weather. 
 
MATERIALS AND METHODS  

The dual-source SAHP system, illustrated in Fig. 1, combines the advantages of the parallel and series systems and 
overcomes their disadvantages. The solar collector, heat storage, and building heat exchanger all continue to work as 
a simple solar system so long as the tank temperature remains above 40°C. At temperatures below that, the heat pump 
system is called on by a microprocessor controller, and a decision is made as to whether it is better to draw the heat 
pump's heat from the tank or from the outside air. The control strategy options are numerous for this system; it can be 
operated to optimize savings of electricity or to reduce peak loads. It would be the most efficient of all the systems 
described here. It has the disadvantage that the required heat pump is complex and will be costly to manufacture. 
Considerable development work will be required to ensure that the unit can be operated in all sequences of its modes 
with full reliability. With this system, air conditioning is accomplished by operating the unit as a simple air-to-air heat 
pump in the cooling mode, using only the outside heat exchanger as a condenser. So, it is obvious that the dual-source 
heat pump system takes advantage of the best features of the series and parallel heat pump systems. The system is 
not capable of using the storage tank to reduce air-conditioning peak loads during the summer because the heat pump 
cannot be used to cool the tank to the outside air. 
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Integrating solar thermal collectors with heat pump systems shows also positive nonenergetic advantages. For example, 
adopting solar thermal collectors as an additional heat source reduces the yearly operation time of the device resulting 
in an increased lifespan once again. Moreover, the noise of air source heat pumps is reduced or eliminated in summer, 
when customers are more likely to open buildings’ windows. 
Among all these advantages of SHP systems, energetic and environmental aspects have a leading position. The 
combination of solar thermal and heat pump technologies contributes to increasing the system SPF and consequently 
in reducing the final energy (FE) consumption of the system and consequently the CO2 emissions. The additional SPF 
induced by solar collectors is variable and dependent upon the SHP system configuration (series and parallel), the heat 
source typology, the surface area of the solar field, and the building loads. A value of SPF per m2 of solar field has been 
given according to parallel and series SHP system layouts. The benefit in terms of FE savings is dependent on the 
SPFref of a reference system and on the consequent SPF [2]. 
 
                                                                                          ʃ (QSH + QDHW) dt 
                                                                     SPFref  = ______________________________                                                                                  (1) 
                                                                                                ʃ (Ʃ Pel ) dt 
 
                                                                             FEref - FESHP                     1                 1                        1 
                                                        FE (%) = _________________________ = ( ____________ - _____________ ) / ( ______________ )                               (2) 
                                                                                   FEref                         SPFref         SPFSHP                SPFref 

CONCLUSIONS 

When the sun is shining, the collectors will be the primary source of energy for the domestic hot water preparation and 
for the space heating. Furthermore, the daily solar production can be stored for future use during a few days. When the 
sun is less abundant or when the solar storage is empty, the heat pump will take over the duty. The source of the 
primary low-energy “heat” for the heat pump to operate can be air, ground, or water from a river or an aquifer. A nice 
feature of the hybrid combination is that the solar collectors can also be used as the provider of the primary heat for the 
heat pump. The two components will then operate in the so-called serial mode. Combining solar and heat pump 
technologies is relevant in several aspects: a high renewable fraction can be achieved (solar + the heat pump heat 
source) and the safety of the solution makes it a good choice for many homeowners. The solar heat can help enhance 
the performance of the heat pump by raising the evaporation temperature. And the solar heat can be stored at low 
temperatures (0-80 °C) thus making good use of the collectors even during the cold season, cloudy days or at night. A 
good use of the latent heat of 1.0 m3 of water changed into ice around 0° C can also be achieved. Or a good use of the 
latent heat of 2.0 m3 of CaCl2.6H2O melted/solidified around 30 oC for heating and cooling applications (see Figs. 2-12). 
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Table 1. Theoretical performance of the solar-assisted dual-source heat pump system for heating season 

 

 

Months 

Working 

days for 

SADSHPS 

Heat 

Pump 

COP 

Outdoor 

Air temp. 

(oC) 

Solar 

Radiation 

(MJ/m2.day) 

Collector 

Efficiency 

(%) 

Storage 

Efficiency 

(%) 

Heating load 

supplied by the 

SADSPS (%) 

November 30 2.94 14.2 6.24 53 58 82 

December 30 2.92 10.1 4.74 55 60 78 

January 30 2.82 6.7 5.12 56 64 52 

February 28 2.72 5.4 8.06 52 62 42 

March 30 2.86 7.3 6.94 56 66 78 

April 30 3.00 11.7 11.84 58 68 88 

May 20 3.21 15.7 16.62 64 70 94 

SADSHPS: Solar Assisted Dual Source Heat Pump System 
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Fig. 1. Dual-source system.             Fig. 2. The PCM energy storage tank. Fig. 3. Fraction of the annual load met by free energy. 

                

Fig. 4. Collector efficiecy as a function of area.    Fig. 5. (a,b) Fraction of the heating                   Fig.6. Heating contributions                   

                                                                               requirement to purchased and free energy.      from all possible sources.                

                                                                           

 

Fig. 7. A dynamic model of a heat pump can be improved by taking into account transient heat losses. 
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ABSTRACT 

The present study was focused on three aims: (1) preparation of the phase change gypsum wallboard as novel phase 

change wallboard incorporating with the eutectic mixture of capric acid (CA) and myristic acid (MA) for latent heat 

energy storage (LHES) (2) determination of thermal properties and thermal reliability of prepared phase change 

wallboard using differential scanning calorimetry (DSC) technique; (3) estimation of thermal performance of the phase 

change wallboard in a simple building envelope. The maximum proportion of CA/MA eutectic mixture as phase 

change material (PCM) absorbed in gypsum wallboard was about 25 wt % of total weight. The melting and freezing 

temperatures and latent heats of phase change wallboard were measured as 21.12 and 21.46oC, 36.23 and 38.28 

J/g, respectively by DSC analysis. These properties make it functional as LHES medium can be applied to peak load 

shifting, improved use of waste heat and solar energy as well as more efficient operation of heating and cooling 

equipment. In addition, the phase change wallboard has good thermal reliability in terms of the changes in its thermal 

properties after 500 and 1000 thermal cycling.  

Keywords: Capric acid, myristic acid, phase change material, latent heat thermal energy storage.  

 

INTRODUCTION 

Thermal energy storage (TES) techniques are receiving more and more attention because of their main importance 

in energy economy, utilization of renewable energy resources and their ability to assist to match supply and demand 

patterns. Latent heat thermal energy storage (LHTES) is more attractive than sensible heat due to the advantages of 

its high storage density and isothermal characteristics of charging/discharging processes. The magnitude of the 

energy recovered from a LHTES system basically depends on the heat storage capacity of a phase change material 

(PCM) during the phase change at an almost constant temperature. PCMs can be incorporated in the building 

envelope to achieve latent heat with respect to the thermal comfort criteria. Within the human comfort temperature 

range (approximately 16-25 oC), PCMs are very effective. Research has been primarily concerned with salt hydrate 

type-PCMs require support and containment and cannot therefore be directly incorporated into a building material. 

In the last decade, the use of organic type-PCMs such as butyl stearate, capric acid/lauric acid mixture, paraffin, 1-

dodecanol, 1-tetradecanol and propyl palmitate has been investigated due to the advantage of their suitability for 

impregnation into porous building materials and thus creating a direct gain storage element. Literature survey 

revealed that PCM-impregnated building materials show great promise as functional and effective building elements 

which can affect significant energy savings. It will be seen that besides a direct reduction in energy consumption, 

these energy-storing building materials can reduce peaks in demand by creating a more even load-time 

characteristic.  

               

MATERIALS AND METHODS  

Capric acid (CA, 98% pure) and myristic acid (MA, 97% pure) were used in preparation of the eutectic mixture. 

Gypsum material with Turkish origin was used as wallboard material. The pore size distribution of the gypsum was 

determined using a mercury porosimeter. It consists of mesopores and macrospores since the pore size is mostly in 

the range of 20 and 1000 nm (Fig. 1). The organic PCMs can be easily held into its porous matrix. The eutectic 

combination ratio was found as 75.0 wt % CA and 25.0 wt %MA. Phase change wallboard samples in amount of about 

100 g were formed by soaking the gypsum material in melted CA/MA eutectic mixture for about 1 h. The mixture 

absorbed in the gypsum was 25% in maximum ratio of total weight and no PCM seepage from the phase change 

wallboard was observed after 1000 melting/freezing cycles. 

 

Thermal properties of CA, PA, CA/MA eutectic mixture and phase change wallboard such as melting temperature 

(Tm), freezing temperature (Tf), latent heat of melting (Hm ), and latent heat of freezing (Hf) were measured by a 

DSC instrument (SETARAM DSC 131 model). A 5C/min heating rate was considered optimal for all the experiments 

taking into account broad peaks in melting characteristics of the fatty acids as well as the broader peaks of their 

mixtures. Stearic acid with reagent grade (m.p.: 70.47C) was used as a reference for temperature calibration. 

Samples were measured in sealed aluminum pan with a mass of 4.5-8.5 mg. The DSC thermal analyses of CA/MA 

mixtures were carried out in the temperature range of 0–50C under a constant stream of nitrogen at atmospheric 

pressure. Tm and Tf values was taken as onset temperatures by drawing lines at the points of maximum slope of the 
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leading edges of the melting and freezing peak and extrapolating base lines on the same side as the leading edge of 

the peaks. Hm and Hf values were determined by numerical integration of the area under the melting and freezing 

peak, respectively. All DSC measurements were repeated three times and the mean standard deviation was 

calculated as ±0.14oC for phase change temperature and ±0.65 J/g for latent heat of phase change.        

Thermal cycling test was conducted to determine the thermal reliability of phase change wallboard in terms of the 

changes in its thermal properties after repeated thermal cycling. The test was conducted up to 1000 thermal cycling 

using the procedure given in literature. To determine the variation of thermal reliability with respect to the thermal 

cycling number, Tm, Tf, Hm and Hf values of the phase change wallboard were measured after 500 and 1000 thermal 

cycling. To study thermal performance of the phase change wallboard, six identical phase change wallboards were 

fabricated as mold in dimensions of 100 mm x 100 mm x 10 mm by pouring the prepared slurry (gypsum powder, 

water, and CA/MA eutectic mixture) into a stainless-steel mold. After vibrated for about 10 min, the molds were first 

kept at the room temperature for 24 h, and then dried in a vacuum drier at 50oC before use. In addition, six identical 

ordinary gypsum wallboards with control purpose were fabricated using the same method. After then, two simple test 

rooms were separately constructed by these molds. A photograph of the experimental apparatus designed for testing 

the thermal performance of the wallboards is shown in Fig. 2. A halogen tungsten lamp (150 W) was used as heat 

source. Temperature variations at inner surface of front wall, outer surface of front wall, indoor center of the both test 

rooms and environment were recorded by thermocouples linked to a data logger unit. When the lamp was switch on, 

the temperature variations at specified locals of the test room above were monitored (see Figs. 3-6). 

 

CONCLUSIONS  

The phase transition temperatures and latent heat values of eutectic mixtures which consist of 75 wt %CA and 25 wt 

% MA was suitable PCM for LHTES applications in building envelops. The CA/MA eutectic mixture can be loaded in 

gypsum wallboard in maximum proportion of 25 % of total weight and no eutectic PCM leakage from the phase 

change wallboard was observed at the temperature range 20-50oC after 1000 thermal cycling. The prepared 

wallboard impregnated with the CA/MA eutectic mixture melted and frozen at a narrow temperature range of 21.12-

21.46oC which was proper for storing and releasing heat in the human comfort zone. The phase change wallboard 

absorbed a heat of 36.123 J/g during the heat charging period and revealed a latent heat of 38.28 J/g during heat 

discharging period. The prepared phase change wallboard had good thermal reliability in terms of the changes in its 

thermal properties with respect to thermal cycling. Thermal performance test indicated that the phase change 

wallboard can significantly decreased the indoor temperature of a building envelope as about 4oC due to absorption 

of heat in conjunction with melting of the CA/MA eutectic mixture. Furthermore, the phase change wallboards can be 

used considered as an effective building element for storage of solar gains and improvement of thermal comfort. 

However, a further study is needed to investigate large scale thermal performance of a building envelope in practical 

dimensions and to test the fire resistance, mechanical properties and compatibility with the paints and wallpapers. 
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Table 1. Changes In Thermal Properties of Wallboard with Respect to Thermal Cycling Number 

 Phase change wallboard 

Number of  
thermal cycling 

Tm, (C) Hm, (J/g) Tf, (C) Hf, (J/g) 

0 21.12 36.23 21.46 38.28 

500 19.72 35.18 19.21 36.21 

1000 20.86 34.06 19.61 35.32 
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              Figure 1.                                     Figure 2.                                               Figure 3. 

 

          

                          Figure 4.                                               Figure 5.                                                   Figure 6. 
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