FAKULTE / ENSTITU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIM DALI ADI

Fizik

DERSIN ADI

Hidrojen Enerjisi

DERSIN KODU

F174520

YEREL KREDISi

3

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

0

ONKOSULLAR

Yok

YARIYIL

Giiz, Bahar

DERSIN DiLi

Tiirkce, ingilizce

DERSIN SEVIYESI

Lisans

DERSIN TURU

Secmeli @ Fizik Lisans Program

DERSIN KATEGORISI

Uzmanhk Alan Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSI SUNAN AKADEMIK
BiRIM

Fizik Boliimii
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DERSIN AMACI

Bu dersin amaci, dgrencilerin hidrojen enerjisinin temel 6zelliklerini ve yenilenebilir enerji
kaynagi olarak 6nemini 6grenmelerini amaglamaktadir. Ders kapsaminda hidrojenin iiretim
yontemleri, depolama ve tasinmasi, yakit pillerinin termodinamik ve elektrokimyasal
temelleri, hidrojen yakit pillerinin uygulamalari ile hidrojen enerjisinin diger enerji tiirleriyle
kombinasyonlar1 ele alinacaktir. Ayrica diinyada ve Tiirkiye’deki hidrojen enerjisi
calismalart incelenerek ogrencilerin hidrojen teknolojilerinin ¢evresel, ekonomik ve
teknolojik boyutlarini kavramalar: saglanacaktir.

DERSIN iCERiGi

Diinyada enerji iretimi ve tiiketiminin tarihsel gelisimi; enerji ve enerji kaynaklari;
hidrojenin tanim ve yakit olarak temel 6zellikleri; hidrojenin {iretim yontemleri,
depolanmasi ve tasmmasit; yakit pillerinin termodinamik ve elektrokimyasal temelleri;
hidrojen yakit pilleri ve kullanilan yakit tiirleri; hidrojen enerjisinin diger enerji tiirleriyle
kombinasyonlari; diinyada hidrojen enerjisi ve yakit pili uygulamalari; yenilenebilir enerji
baglaminda hidrojen enerjisinin Tiirkiye’deki potansiyeli.

DERS KiTABI/ MALZEMESI /
ONERILEN KAYNAKLAR
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Ders Kitabi:
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Onerilen Kaynaklar:

[1] Li, Qingfeng. Introduction to Fuel Cells: Electrochemistry and Materials, 2021.
[2] Dinger, Prof. Dr. Ibrahim, Bilimsel Yaynlari.
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Bu dersi basariyla tamamlayan 6grenciler,

1. Diinyanin enerji iiretim ve tiikketim egilimlerini, enerji kaynaklarini ve cografi
dagilimlarini agiklayabileceklerdir.

Hidrojenin genel ve yakit 6zelliklerini tanimlayabileceklerdir.

Ders Ogrenim Ciktilar1 . Hidrojenin  {iretim, depolama ve giivenli tasinma ydntemlerini
uygulayabileceklerdir.

Yakit pillerinin tiirlerini, termodinamik ve elektrokimyasal temellerini
aciklayabileceklerdir.

Tiirkiye’nin hidrojen enerjisi potansiyelini yenilenebilir enerji baglaminda
degerlendirebileceklerdir.

DEGERLENDIRME SISTEMI

Etkinlikler Say1 Katki Pay1
Devam/Katilhim:
U icerik: Ogrencilerin derse devam etmeleri ve katilmalar
o Detayh Degerlendirme Kriterleri: 14 %15

- Derse aktif katilim ve soru sorma
- Sinif-i¢i tartigmalara ve problem ¢6zme siireglerine katki saglayabilme

‘ Laboratuvar: H H

| Uygulama (Sézlii Sinav): H H

‘ Arazi Caligmasi H H

Derse Ozgii Staj

Kisa Sinavlar/Stiidyo Kritigi:

e Icerik: Sinav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmasi

e  Format: Yiiz yilize. Coktan se¢meli kisa sinav (10-15 dakika)

e Detayh Degerlendirme Kriterleri:
-Derste islenen teorik konular ile ilgili problemleri ¢6zebilme

4 %15

‘ Odev: H H

| Sunum/Jiiri: H H

‘ Proje: H H

| Seminer/Workshop H H

Ara Smavlar:
Igerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorular
Format: Yiiz yiize. Siav (90 dakika) 1
Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin goésterilmesi
-Teorik konularla ilgili problemlerin ¢6ziilebilmesi
-Teorik diisiinme siireclerinin yiiriitiilmesi

%30

e Igerik: Dersin tiim igerigini kapsayan kapsamli sorular

e  Format: Yiiz yiize. Sinav (90 dakika)

e Detayh Degerlendirme Kriterleri: 1 %40
-Derste iglenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-Ileri diizey problem ¢dzme becerilerinin kullamlabilmesi
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Dénem i¢i Cahsmalarin Basar1 Notuna Katkisi H

Final Sinavimin Basar1 Notuna Katkisi H

TOPLAM H

HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI

KONULAR

On Hazirhk

Konu Anlatimi: Diinden bugiine Diinyanin Enerji Uretimi ve]
Tiiketimi.

Simif-i¢i Tartisma (10 dk.): Glinliik ev kullanimi ve diger enerji
ihtiyaclari ve tiikketimi ile enerji tiretimi konusunda tartisma.

Insanhk tarihinde enerji ihtiyact ve
kargilanmasi.

Diinden bugiine Diinyanin Enerji Uretimi
ve Tiketimi OECD Diinya Enerjj
Istatistiklerini inceleme-anlama ve tartisma.

IKonu Anlatimi: Enerji ve Enerji Kaynaklari.

Enerji ve iliskili kavramlarin tanimmi ve
aciklanmasi.

Enerji  kaynaklarin  incelenmesi  ve
siniflandiriimast.

Konu Anlatimi: Hidrojen nedir?

Hidrojen atomu incelenmesi.
Bohr atom modeli ve Kuantum mekaniksell
yaklasimla degerlendirilmesi.

Konu Anlatimi: Hidrojen Yakit Ozellikleri.

Kisa Sinav 1 (15 dk.): Ders sonunda, derste bu hafta dahil islenen|
konulari iceren bir kisa sinavin yapilmast.

Hidrojenin kesfi ve fiziksel ozelliklerini

ayrintili incelenmesi.

Hidrojenin  yakit  Ozelliklerini  dige
yakitlarla karsilastirilmali degerlendirilmesi
ve incelenmesi.

Konu Anlatimi: Hidrojenin Uretim Yéntemleri.

Hidrojen iretimi  yontemlerinin  tii
yonleriyle tanimlanmasi
karsilastiriimasi.

KKonu Anlatimi: Hidrojenin depolanmasi ve taginmasi.

Hidrojenin depolanmasi ve taginmast ve
teknolojilerinin tanitilmasi.

Konu Anlatim: Yakit Pili.

Kisa Sinav 2 (15 dk.): Ders sonunda, derste bu hafta dahil islenen|
konulari igeren bir kisa sinavin yapilmasi.

Yakit Pili tanimlanmasi ve en giincel
formda bir yakit pili yapisinin incelenmesi
ve tanitilmasi.

|Ara Smav 1

Sinav haftasina kadar islenen konular
tiimiinii degerlendiren bir sinav yapilmasi.

Konu Anlatimi:
|Ara Smav 1 ve Kisa Sinavlarin soru ¢éziimii ve Genel 6zet.

Ara Smmav ve Kisa Sinav Sorularmi
¢oziimii ve 6zet yapilmasi.

Konu Anlatimi: Yakit Pili Termodinamigi.

Termodinamik siireglerin yakit pili icin|
degerlendirilmesi.

IKonu Anlatimi: Yakit Pili Elektrokimyasi.

Kisa Sinav 3 (15 dk.): Ders sonunda, derste bu hafta dahil islenen|
konulari igeren bir kisa sinavin yapilmasi.

Yakat pillerinde elektrokimyasal siireglerin|
incelenmesi.

Konu Anlatim: Yakit pili yakitlari ve Hidrojen Yakit Pili.

Diger yakitlar ve Hidrojen yakit piline
bakis.

IKonu Anlatimi: Hidrojen enerjisinin diger enerji tiirleriyle]
kombinasyonu.

Hidrojen enerjisinin diger yenilenebili
enerji tiirleriyle degerlendirilmesi yesil
hidrojen iiretimi.

Konu Anlatimi: Diinyada Hidrojen Enerjisi ve Yakat Pili.

Giincel literatiirden Diinya da hidroje
enerjisi yatirimlari ve yakit pillerindeki
gelismelere bakis.

Konu Anlatimi: Yenilenebilir Enerji-Hidrojen Enerjisi ve
Tirkiye.

Kisa Sinav 4 (15 dk.): Ders sonunda, derste bu hafta dahil islenen|
konulari igeren bir kisa simavin yapilmasi.

Tirkiye igin Yenilenebilir ve Hidroje
enerjisi fizibilite ¢caligmalarina bakis (Prof.
Dr. Ibrahim Dinger calismalarinda
inceleme).

Final

Islenen konularm tiimiiniin tekrar edilmesi.
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Etkinlikler

Toplam Tsyiikii

Ders Saati

42

Laboratuar

Uygulama (sozlii Sinav)

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Siavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirhik Siiresi)

Final (Sinav Siiresi + Sinav
Hazirhik Siiresi)

Toplam s yiikii:

Toplam s yiikii / 30(s):

AKTS Kredisi:
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FACULTY / GRADUATE SCHOOL

COURSE INFORMATION FORM

Faculty of Arts and Sciences

DEPARTMENT / PROGRAMME

Physics

TITLE OF COURSE

Hydrogen Energy

CODE

F174520

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Spring/Fall

COURSE LANGUAGE

Turkish, English

LEVEL OF COURSE

First Cycle

COURSE TYPE

Elective @ Bachelor Programme in Physics

COURSE CATEGORY

Major Area Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Physics

COURSE COORDINATOR

Siireyya AYDIN YUKSEL

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to provide students with an understanding of the fundamental properties
of hydrogen energy and its importance as a renewable energy source. The course covers
hydrogen production methods, storage and transportation, the thermodynamic and
electrochemical principles of fuel cells, applications of hydrogen fuel cells, and the
integration of hydrogen with other energy sources. In addition, global and national
perspectives on hydrogen energy, including developments in Turkey, will be examined to
help students understand the environmental, economic, and technological aspects of
hydrogen Technologies.

COURSE CONTENT

Historical development of energy production and consumption worldwide; energy and
energy resources; definition of hydrogen and its basic properties as a fuel; hydrogen
production methods, storage, and transportation; thermodynamic and electrochemical
principles of fuel cells; hydrogen fuel cells and fuel types; integration of hydrogen with
other energy sources; global applications of hydrogen energy and fuel cells; potential of
hydrogen energy in Turkey within the context of renewable energy.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

O’Hayre, Ryan, Cha, Suk-Won, Colella, Whitney ve Prinz, Fritz B. Fuel Cell
Fundamentals.

Recommended Readings:

[1] Li, Qingfeng. Introduction to Fuel Cells: Electrochemistry and Materials, 2021.

[2] Dinger, Prof. Dr. Ibrahim, Bilimsel Yaynlari.
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Upon successful completion of this course, students will be able to

1. Explain global energy production and consumption trends, energy resources, and
their geographical distribution.

Define the general and fuel-related properties of hydrogen.

Course Learning Outcomes
Apply methods for the production, storage, and safe transportation of hydrogen.

Explain the types of fuel cells and their thermodynamic and electrochemical
principles.

Evaluate the potential of hydrogen energy in Turkey within the context of
renewable energy.

EVALUATION SYSTEM

Activities Number Percentage of Grade

Attendance/Participation:
e  Content: Student attendance and participation in the course.
e  Detailed Assessment Criteria: 14 %15
-Active participation in lessons and asking questions
-Ability to contribute to in-class discussions and problem-solving
processes

‘ Laboratory H H

‘ Field Work H H

| Application (Oral Examination): H H ‘

| Special Course Internship (Work Placement) H H

Quizzes/Studio Critics:
e  Content: Comprehensive questions covering all topics addressed up
to the exam week
e Format: Face-to-face multiple-choice quiz (5-10 minutes) 4 %15
e  Detailed Assessment Criteria:
-Ability to solve problems related to the theoretical topics covered in
the course

‘ Homework Assignments: H H

| Presentations/Jury: H H ‘

Midterms:

e  Content: Comprehensive questions covering all topics addressed up

to the exam week

e  Format: Face-to-face written exam. (90 minutes).

e  Detailed Assessment Criteria: 1 %30
-Demonstration of understanding of the fundamental concepts of the
course
-Ability to solve problems related to theoretical topics
-Ability to carry out theoretical reasoning processes

Final:
e  Content: Comprehensive questions covering the entire content of the
course
e  Format: Face-to-face written exam. (90 minutes). 1 %40
e  Detailed Assessment Criteria:
-Ability to apply advanced problem-solving skills
-Demonstration of a thorough understanding of all topics
covered in the course
‘ Percentage of In-Term Studies H %60
| Percentage of Final Examination %40
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TOTAL H

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

COURSE OUTLINE

Related Preparation

Lecture: World Energy Production and Consumptio
from Past to Present.

[n-Class Discussion (10 min.): Discussion on dail
household use, other energy needs and consumption,|
land energy production.

Energy needs and their fulfillment throughout human
history.

World Energy Production and Consumption from Past
to Present Examining, understanding, and discussing
OECD World Energy Statistics.

Lecture: Energy and Energy Resources.

Definition and explanation of energy and related
concepts.
Examination and classification of energy sources.

Lecture: What is Hydrogen?

Examination of the hydrogen atom.
Evaluation using the Bohr atomic model and the
quantum mechanical approach.

Lecture: Hydrogen Fuel Properties.

Quiz 1 (15 min.): A quiz at the end of the lesso
covering the topics covered in the course this week.

Discovery of hydrogen and detailed examination of its
physical properties.

Evaluation and examination of hydrogen's fuel
properties in comparison with other fuels.

Lecture: Hydrogen Production Methods.

Identification and comparison of all aspects of
hydrogen production methods.

Lecture: Hydrogen Storage and Transportation.

Introduction of hydrogen storage and transportation
technologies.

Lecture: Fuel Cell.

Quiz 2 (15 min.): A quiz at the end of the lesso
covering the topics covered in the course this week.

Definition of a fuel cell and examination and
introduction of a fuel cell structure in its most current
form.

Midterm 1

Review of all topics covered up to the exam week.

In-Class Practice: Solution to Midterm Exam 1 and|
Quizzes.

Solution and summary of Midterm and Quiz Questions.

Lecture: Fuel Cell Thermodynamics.

Evaluation of thermodynamic processes for fuel cells.

Lecture: Fuel Cell Electrochemistry.

Quiz 3 (15 min.): A quiz at the end of the lesso
covering the topics covered in the course this week.

Examination of electrochemical processes in fuel cells.

Lecture: Fuel Cell Fuels and Hydrogen Fuel Cell.

Overview of other fuels and the hydrogen fuel cell.

Lecture: Combining Hydrogen Energy with Other
Energy Forms.

Evaluation of hydrogen energy with other renewable
energy types: green hydrogen production.

Lecture: Hydrogen Energy and Fuel Cells in th
World.

Current literature on hydrogen energy in the world A
review of investments and developments in fuel cells.

Lecture: Renewable Energy - Hydrogen Energy and
Turkey.

Quiz 4 (15 min.): A quiz at the end of the lesso
covering the topics covered in the course this week.

A review of feasibility studies on renewable and
hydrogen energy for Tiirkiye (review of the work of
Prof. Dr. Ibrahim Dinger).

Final

Review of all topics covered.

ECTS WORKLOAD TABLE

Activities Number Duration Total Workload

(Hour)

Course Hours 42

Laboratory

Application

Field Work

Study Hours Out of Class
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Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

Mid-Terms (Examination Duration + Examination Prep. Duration)

Final (Examination Duration + Examination Prep. Duration)

Total Workload:

Total Workload / 30(h):
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

PC-1

Temel bilimler ve fizik
alaninda kapsamli bir
kuramsal bilgi altyapist
edinerek, bu bilgileri
akademik diizeyde
analiz, yorum ve
problem  ¢6ziimiinde
etkin bigimde
kullanabileceklerdir. /
Use their - - - - =
comprehensive
theoretical knowledge
in fundamental
sciences and physics
for analysis,
interpretation, and
problem-solving at an
academic level.

PC-2

Edindikleri uygulamali
bilgileri fiziksel
siireglerin
modellenmesi,
deneysel tasarim ve
problem  ¢6ziimiinde
etkili ve amaca yonelik
bi¢cimde
kullanabileceklerdir./ - - - - -
Apply their practical
knowledge -effectively
and strategically in
modelling physical
processes,
experimental  design,
and

problem-solving.
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PC-3

Kuramsal ve/veya
deneysel bilgilerini
karmagik fizik
problemlerinin
¢oziimiinde etkili
bi¢imde kullanarak, bu
problemlere yonelik
uygun analiz ve

modelleme
yontemlerini secip
uygulayabileceklerdir./ = = = = =

Use their theoretical
and/or  experimental
knowledge -effectively
in solving complex
physics problems by
selecting and

applying  appropriate
analysis and modelling
methods for these

problems.

PC-4
Disiplinlerarasi bir
yaklagimla, farkli
alanlarda edinmig

olduklar1 bilgileri
sentezleyebileceklerdir
J

Synthesise knowledge
acquired from different
disciplines through an
interdisciplinary
approach.

I~
I
I~
I~
1
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PC-5

Fizik biliminin temel
ve uygulamali
alanlarinda edindikleri
bilgi birikimlerini ve
kuramsal analiz,
deneysel uygulama ve
sayisal modelleme ve
hesaplamali fizik
araglarini kullanma ve
gelistirme becerilerini,
kuramsal fizik, niikleer
fizik, yogun madde
fizigi, yiiksek enerji
fizigi, nanoteknoloji,
yenilenebilir/alternatif
enerji teknolojileri,
ileri malzeme tasarimi,
niikleer teknoloji  ve
kuantum teknolojileri
gibi  disiplin-ici  ve
disiplinlerarast
uzmanlik alanlarinda
gelistirebileceklerdir./
Advance their acquired
knowledge in  the
fundamental and
applied  fields  of
physics and their skills
in theoretical

analysis, experimental
application, numerical
modelling and using
and developing
computational physics
tools in both
disciplinary and
interdisciplinary areas
of specialisation such
as theoretical physics,
nuclear physics,
condensed matter
physics,

high energy physics,
nanotechnology,
renewable/alternative
energy technologies,
advanced materials
design, nuclear
technology, and
quantum technologies.

193]
L)
I~
193]
[)
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PC-6

Fizik alaninda yaygin
olarak kullanilan
bilgisayar ve yapay
zeka teknolojileri ile en
az bir programlama
dilini, problemleri
¢ozmek, veri analizi
yapmak ve
simiilasyonlar
gergeklestirmek  icin
etkin bigimde - = = = =
kullanabileceklerdir./
Use at least one
programming language
and computer and
artificial  intelligence
technologies ~ widely
employed in

physics for problem-
solving, data analysis,
and simulations.

PC-7

Fizik ve ilgili
alanlardaki kariyer
firsatlarini
degerlendirerek kigisel
ve mesleki gelisim
hedeflerini
belirleyebilecekler ve
bu hedeflere ulagmak
icin hayat boyu
O0grenme

stratejilerini
kullanabileceklerdir./
Follow scientific and = = = = =
technological
developments in
physics and related
fields, assess career
opportunities, identify
personal and
professional
development goals,
and adopt lifelong
learning strategies to
achieve these goals.

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 12/14



PC-8

Bilimsel
aragtirmalarini ve
mesleki faaliyetlerini
yiiriitiirken
dogabilecek hukuksal
sonuglari ve toplumsal
etkileri dikkate alarak
mesleki etik ilkeler,
kalite standartlari

ile evrensel degerler
dogrultusunda ve
sosyal sorumluluk
bilinci  ve  adalet
duygusuyla hareket
edebileceklerdir./

Act with a sense of
social  responsibility
and justice and in
accordance with
professional ethical
principles, quality
standards, and
universal values by
taking into account
potential legal and
societal consequences
of  their scientific
research

and professional
activities.

&
1
1
[[9)]
1

PC-9

Bireysel olarak ya da
takimlarda etkin
bigimde
caligabileceklerdir./ = = = = =
Work effectively both
independently and as
part of a team.

PC-10

Fizik alaninda,
giivenilir bilgi
kaynaklarina ulasarak
literatiir taramasi
yapabilecekler ve
akademik aragtirma
tasarlayip
yiirtitebileceklerdir./
Access reliable sources
of information,
conduct literature
reviews, and design
and carry out academic
research in the

field of physics.

I
1
1
1
1
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PC-11

fleri diizey fizik
konularm, teorileri,
arastirmalari ve
problem ¢dziimlerini,
fizik terminolojisi
kullanarak Tiirkce ve
ingilizcede tiim
paydaslara sozlii ve
yazili olarak
aktarabileceklerdir./
Effectively = = = = =
communicate  topics,
theories, research, and
problem solutions in
physics to all relevant
stakeholders using
appropriate physics
terminology, both
orally and in writing,
in Turkish and in
English.

PC-12
Laboratuvar
caligmalarinda,
bilimsel veri
toplayarak teknik
ve/veya bilimsel
raporlar
hazirlayabilecek ve
mevcut raporlari - - - - -
yorumlayabileceklerdir
./ Collect scientific
data during laboratory
work, prepare technical
and/or scientific
reports and interpret
existing

reports.
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