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2-  Hydrogen
Technologies and Applications by Bent Serensen

3- Hydrogen Energy: Challenges and Prospects edited by

Paul Ekins

and Fuel

Cells:

Fundamentals,
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= Flectrochemical
Storage: Battery

a—‘ .
s Fundamentals
8 palaall Battery chemistry, types
of batteries,
performance metrics
» Lithium-ion Batteries
Chemistry, operation,
safety, lifecycle, and
degradation mechanisms
el * Other Battery Technologies
Lead-acid, NiMH, sodium-
EReaY sulfur, flow batteries
PP overview
Gl g * Supercapacitors and ) ;
. f
il & palas | Ultracapacitors tyﬁu‘}fﬁ sl
- s4ks | Principles, design, applicatipns, il «_A: 5 oAl
3 pualadll 438l | advantages, limitations T ek o)
T S
* Mechanical Energy Storage
Systems
Flywheels, compressed air
energy storage (CAES), pumped
hydro
* Thermal Energy Storage
Olaial Sensible, latent,
5 s thermpchemlcal storage,
] o materials & s 5all agd
S e <l )mb-« * Hydrogen and Chemical Al 5 e
Clal g 3 4")“; Energy Storage ,Hydroge gl e oyl
" production, storage, fuel S
- power-to-gas concepts
‘BPM\
*Energy Storage
Shaial System Design &
5 s quelintngystem
. . sizing, efficiency, em gl g
& Sl alsa | Jifecycle analysis, Ermr .
i JL_‘ . . aball 3 @-“u‘
cilaal g5 3 N simulation tools diplas e kel
Al = Control Strategies and ol
5 aladll Power Electronics Batte
b‘)-i.a

management systems (BM

converters, control algorith
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® [ntegration with
Renewable Energy
Systems Grid
connection, microgrids,
demand response, hybrid
systems

= Economic,
Environmental, and
Safety Considerations

Cost analysis,

sustainability, recycling,
safety standards

* Emerging Trends and
Future Technologies
Solid-state batteries,
redox flow advances,
novel materials
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e Gl

olaial
ERESt

S e
Glaal g

ik

Lzl

= Case Studies and
Industry Applications
Utility-scale
projects, transportation,
consumer electronics
= Student Presentations

g s sall agd
Al
Ll i

-

and Project Discussions
Presentation of

term projects, peer

review, course wrap-up
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1. Energy Storage Systems: A Comprehens
Guide First Edition: September 2023
2. Energy Storage Fundamentals, Mater

and Applications Second Edition

3. Energy Storage Driving Renewable

Energy Transition, First Edition 2025

4 ENERGYS STORAGE IN POWER
SYSTEMS

5. Energy Storage Fundamentals, Materials
and Applications Second Edition
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1.Research Methods for Engineers David Thiel

2. Research Design: Qualitative, Quantitative, and Mixed

Methods Approaches

(Abaall) il gl yall

IEEE Xbplore, etc.

G s o) saladl malally o)
veee (2N (dralal) cOlaall)

Cu ) 8) ga cdig A< gl all

24




(5) Ladl

oA sl 37

FSLL Adash 4 il bl
oAl ey 38

(5) VAL

)/ Jiadll 39

2026-2025/(J5Y) Jusill) s

Caa o) s dlae & )l 40

2026/3/1

Al ) eoall JE5 4]

S olaal

(L,,JSS\) Cilas gl dae / (‘;Sl\) Al all Gile Ll aae 42

Baa 5 2/p sl 15%clu)

(S anl e JETIAY (o A 8 Jgpmmeand 43

BN g}‘; e .J.ei
abdullah.ali@atu.edu.iq :JaY)

i el 44

Lyl s Lghnom 53 5 gl A6 5 & i) Slalaaally LDl Gy i
Lee 38 5 Ay i) ilubually Aalall AL il Joe i€ e Goaill o Ll 1) Balal) Cilaa)
Ll ol ) il 45
alal) il yia)

Coansal) asladil) JOA (e gyl 53 gl Calaal) 3aa Qs 53 g Al iy jal) Jo ghadll 5 dalal) 2o gill A gane Jadi
sk o pad Caall ) 5 Aghuall Ll apdai g ) — oy pail) — Gawiil) — (i yall( e JS) Agliia) Taladl) auag
LAl e il I Caags ) g dllall Led o jay ) cle) a1 S sld) e Jais aledll b)) Al agles
Gl lgall Dllall oy Ledie Lasi) i) aledll 065 ddlinal) algall alady logleall dalles (3o LA (e oSas

el 8 b gediiing ) Aalal) Jaaaaall 5kl 5 lel I ) i)

| | [ | | Rl
DAdAs 46
.-.,‘w.. ~,‘~‘.v o \ ‘.. \ \ (Ja_'m Qlép - u
puill A3y k| aledl) 43 )k g sasall 5l Bas sl o 4 gl e Ll g sy
. o Introduction to
Olaial Nano Science and
5 ean Nanotechpology,
) Nanoparticles,
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> “ Nanomaterials, and g s f‘” ped LA
lal g o Nanocomposites. adall 6 2l
" - . Graphene as adphai e f’;‘dﬁ&\
i Electrochemical Sensor e S ’
5_palaall and Biosensor: Synthesis,
. Characterization
and Applications:
Graphene Material,
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Properties, Characteristics,

Preparation, and
Characterization.

o Applications of
Graphene as

electrochemical sensors, as
biosensors, Gas sensors,
Heavy Metal lons sensors,
and Smart Graphene-based
Sensors.

o Graphene-based
Nano Antennas and
Resonators.

Properties and Applicati
of Modified Carl
Nanotubes: Carl
Nanotubes, Types, Propert]
Characteristics,  Preparati
Characterization,
Applications.

Olaial
BRCLE

Ls B

w

Gl g
Al
? )b\;al\

1,2,5,6

° Fundamentals of
Nanosensors.

o Moving toward
Sensors and Transducers:
Meaning of Terms
“Sensors” and
“Transducers”.

. Definition of
Sensor Parameters and
Characteristics

° Definition and
Classification of
Nanosensors

= Mechanical
Nanosensors

. Thermal
Nanosensors

. Optical
Nanosensors

. Magnetic
Nanosensors

= Chemical
Nanosensors

. Nanobiosensors

° Nanosensors

Characterization Division

sal
s omlall
u.ud\.u]\
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° Nanosensors

Powering, Signal
Processing, and
Communication Division

o Emerging
Applications for
Nanosensors

. Nanosensors  for
Industrial Applications

. Nanosensors  for

Homeland Security
Powering, Networking,

Trends of Nanosens
(Nanogenerators and S

Powered Nanosensors)

e Introduction and
overview of
nanoelectronics:

e Introduction
e Nanoelectronics
e Market requirements

hasiel for nanoelectronics
S A e Nanofabrication
ek 2 * Microfabrication &&ﬁ”ﬂa@i
j pt, techniques alall 5l
Slaal g — e [ imits of adpls e el
Ul photolithography and gnea ISy
advanced lithographic
5 paladll processes
e Self-assembly
processes
e Nano measurement and
characterization tools
n-film  technology and
synthesis
e Emerging memory
Olaial devices
e Memristors
e © e Magnetoresistive effect PR
Cleal s N} appllcatlons' ' Al Lo Sl
) - e Magnetoresistive RAM I
Aled e Spin-transfer  torque &=
3 yualaall magnetic random-

access memory
e All-spin logic
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Phase-change memory
Resistive random-
access memory
Ferroelectric RAM
Mott memory
Carbon-based
emerging memory
devices

Molecular memory
Macromolecular
memory

Racetrack memory

omparison of memory types

olaial
5
Soes
Slal g
e
B yalsall

3,4,5,6

Modelling and
simulation
Technology modelling
and simulation

Device modelling
Device modelling tools
and technologies
Circuit simulators
Monte Carlo
simulation
Microelectromechanic
al/nanoelectromechani
cal device simulators
COMSOL
Multiphysics®
simulator
CoventorWare tools
System-level design
Lumped-element
modelling using
equivalent circuits
Hierarchical
abstraction of MEMS
and analytical
behavioral modelling
MEMS behavioral
modelling based on
finite and

Boundary element analysis

g2 ped
Al
L

3 e gl
e Gl

1,3,5,6

Nanosensor

Wireless
Networks

and [oNT

e sualall
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o Evolution of
Wireless Nanosensor
Concept

. Promising
Communication
Approaches for
Nanonetworking

o Molecular
Communication (MC)

. Electromagnetic
Communication (EMC)

o Envisaged
Electromagnetic Integrated
Nanosensor Module

. WNNs Formation
Using EMC Nanosensor
Modules:  The  WNN
Architecture

o Frequency Bands
of Electromagnetic WNN
Operation

o Modulation
Techniques for
Electromagnetic WNN5s

o Channel  Sharing
Protocol in WNN

. Information
Routing in WNNs

° Failure
Mechanisms and
Reliability Issues of WNNs
sernet of  Nano  Things

(IoNT): The Nanomachine.

D _al) ani
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1. Nanosensors: Materials and Technologies (sAbaall) duisll gl sall
2. Nanosensors, Physical, Chemical,

Biological Second Edition

3. Nanoelectronics, Physics, technology,

applications

4. Handbook of Wireless Sensor Netwoi

Issues and Challenges in Current Scenario’s
5. Graphene-based Nanosensors for WSN

6. Introduction to Nano Basics to Nanoscie
and Nanotechnology
P g T T N PR O Bl g (2 A S gl

ene (D cAsalal)

i AN 28 ga A g SN gl gall

(6) LAAl

DoRall sl 49

ahlaiV) g ASISiaY) 28U L S

Do ey 50

(6) oA

Lul/dadll 5]

2026-2025/( A Jeaill) Lt

Caagll 138 alac) < 52

2026/3/1

A emall JKE 53

Lﬁ_)\:ﬂ.;‘

(‘;\Sl\) Clas gl dae / (‘;SS\) Al Hall ile Ll dae 54

83x 52 /g sl 15%(£2 +02)

(S andd g S 13) ol i) Jspae ad 55

gxallue Fla ke 20

ol alal 56

Lplaraa 5 5eSll 5 (ASISEY) ol el SIS A8l Jysas o) )5 dgalall g0ladll agd o
(bS50

ASLY Jled dlas Jal (05 el anaais o) sall Jilai o

Baaaiall 48Ul 5 el ymaiioaall 5 eelai U AL iy 5 IV 8 clipdatl) CaliSin) o Lo Al Balal) Cifan)

Sl g slie o dalenall ol J3A e Aileall O el ki o

Jaall 138 8 23l clalasy) s sl ciladl i) syl o

30



adetll L) il
Alo il & jualaall g pdilsal) dua sili,

JaaiS duaiaiia s sall () Cum dpulu) 4 kil alial) apail Ll @) jualal) paAIul; dndil) &) pualaal) .
GS\.S.\;\-})@.SS\‘)ﬁhﬂwb)ﬂl\ddhd\w@.kud&uub}.aﬂ\ ‘)J.uu\a_\;.a u-\-’-\«w-ﬂu-\-um@swbﬁ
NCEEPHPH) un,.m 568 bl ) (S eS 52 )J\)

psle o8 GOl ALl pul) 46 jaall (pe 33l il yualaall ol & guia 51 asaliall Lay )iz Ciliaadiil) aania ggdll
A el dnigl) s RSl Aunigh 5 ) sall o sle e ) ey Of i, ol al Waaliaall 3l oS il 5l 550

tandl g (o Al alaili2

& sl panad, Llaal) el yyobat b (Jiaiall 52l Cine it Adaall Lbanall oyt el Abanal) cibuadal .
s} dlaien 5 36<l) il pall 5 (TENGs) LSSial 5 oSl & 51 il gall el pieall e )

:\.ILuJ\ u.a,)ﬂ‘ ;Lui 3)@;5‘2“ :‘AM Mﬁ)\i\;‘ Slaa ﬂ‘})i Jéj: %MU SISM‘ °

Loty | gald 1 ) gall (a Ll Jilaty oW1l Oy bl iyl Jatat s jlae 5

Gl o adlll) (u yaili3,

Oy B e ) N e sl OBA Lapss ¥ cipanll o) A1 Cile) g Cilal) daa) il Ul 4 53 ciluaal) A2 e .
Energy & Environmental sNano Energy JFie ¢ )3 ggiall 8 da i) il 53l <y codlaa) (e cile) 8
Smart Materials and Structures. sScience

A8 slas Jlaa 8 A0l Cilan) 5 2l ClalasDl gaiil) anill (Ul (e allati Aadsl aana; (o811 anlil) .

LA b 3 g dgad gl) clipdatllg,

5l Gy gl a5 dpe Ul il A5 Ll 5 Al ) 3 padinl: dslial) Hlai cilgay .
Jadl e glata aasil @i i) jue @l g2 gl Gl pualas aniil delicall (e o) pd 3 502 o8: i gudal) ¢y ghasiall .
Al 5 el DU AL il 5 ySIY) Jie A sale alasinl Clla e ddal) cilddliall S ) cliphal) e 38 5 cLidlia .

(T0T). L) i yiif ol ymivna 5 ALK Aiail

OIAY) alati g ay Ll o adldl) alaills,

ol o i) Al (8 OOl Aypais (sm 5 320 7 55 Al ol i g e (et iz oDM) e .
(,L-:\S\ @\;uﬂ Ol dpaastl) g gall W] ) @Y dral yo chlids g 3eld) chldsliall oy 53: OV daal e °
(gl

alisal) g..aliﬁb gigjsﬂ\ H,Q&mﬁ

Jia Gl 5 cJaadll & AS HLiall 5 6 il el LAY 5 el 5l DA (e aliily Ol (ol aiis pabisal) andil) .
Al sl e Ak 20

Gl & sl A (Ll 10) il ) deaadl) Caaiie (laial padials (Aads yal) <l JLEAYT) dpslial) Ja) pall < Ll .
(bl Y Al (A 70) Jalill ledl) laiall g

| | ] T
oAl Ay 57
asil) 33y 51a aleill 43y 5k ¢ pumsal gl sam gl o ?S‘fl;j:f“ cleldl | sl

31



Introduction to Energy Harvest

Discussion / Techno}ogies: Overview of eng &ybfd‘ ee-ﬂ ‘
‘ Lecture harvqstmg methods, Importance Al Jsy)
Exercise sustainable, renewable  ene Al e
sources, Comparison of frictiq g JSi
and piezoelectric energy harvesti
Fundamentals of  Triboelec]
Discussion / Effegt anq ‘Frictional ~ Ener g5 ;“‘” ped
‘ Lecture Physical pr1ngple§ of fr¥ct10n adall Ll
Exercise contact electrification, Triboelec Ak e §
series and material selection, Chg = gusaa JS
transfer and surface interactions
Materials for Triboelectric Eng
Harvesting: Polymers, composi| & s sall agd
Exercise Lecture and nanos‘tructl.lred rngteri ) adall )
Simulation | Surface modification techniques adpli e
enhance performance, Experime]  mssa JS5
characterization methods
Triboelectric Nanogenera
(TENGs): Basic architecture
working principles, Types g s sall agd
Exercise Lecture TENGs: vertical contact-separati bl X
Simulation | lateral sliding, single-electrode, adplai e &
freestanding  modes, Electr] maa S
output characteristics
optimization
: Fundamentals of
Piezoelectricity:
Crystgllqgraphy .and . & gumsall agh
Exerci Lecture polarl.zatlon‘m plezoe}ectrlc A-Ae\sl\} .
Xercise . . materials, Piezoelectric el
Simulation : ) agnli e
coefficients and material U<k
classes, Common piezoelectric &=
materials (quartz, PZT, PVDF,
ceramics)
Piezoelectric Energy
Harvesting Devices: Device
architectures and energy g a5l
Exercise Lecture conversion mechanisms, 4l Sl
Simulation | Mechanical-to-electrical adplai e d
energy conversion models, e S
Design and fabrication
techniques
Materials Engineering for g sea gall agd
Exercise Lecture Piezoelectric Energy 4l Ll
Simulation | Harvesting: Material synthesis Al e S
and processing methods, Thin e S
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films, composites, and flexible
piezoelectrics, Durability and
environmental effects

gsased ped
Exam \gglt en/ Midterm Exam m:L j\: el
Electrical Circuitry and Energy
S'tora'ge. Power conditioning & g sall agh
circuits for harvested energy, S vy
Exercise Lecture Capacitors, batteries, and N Ll
Simulation p LT T Ayl e &
super-capacitors integration, IS
Impedance matching and S
efficiency optimization
Hybrid Energy Harvesting
Systems: Combining
triboelectric and piezoelectric g soa gall agd
Exercise Lecture effects, Other hybrid systems bl Ll
Simulation | with electromagnetic and Ayl o >
photovoltaic technologies, T S
System design challenges and
solutions
Applications of Frictional and
Piezoelectric Energy
Technologies: Wearable and g saasall agd
Exercise Lecture implantable electronics, 4l i ool
Simulation | Structural health monitoring adpli e e
and smart infrastructure, e S
Internet of Things (IoT)
devices and sensors
Advanced Topics and
Emerging Trends: Nano-
generator advancements and g saa sall agd
Exercise Lecture scalability, Biocompatible and 4l e
Simulation | environmentally friendly adpls e ik
materials, Al and machine a8
learning integration for energy
management
Laboratory Sessions and
Practical Demonstrations: PR
Fabrication of simple TENG &}muéf
Exercise L'ecture' and piezoelectric generators, A e GG
Simulation 4spli e
Performance measurement and .
e JS

data analysis, Simulation tools
for device modeling (optional)

33




Case Studies and Industry
Perspectives: Review of recent &y sall ngi
Project / Lecture research papers aqd patents, AL,
Exercise Simulation Industrlal. appllc;atlons and dipls L 2 e il )l
commercialization challenges, I
Guest lectures / webinars from &= ’
experts (optional)
Student Presentations and
Project Project Discussions: Student- & soasall agd
Project led presentations on research or AL . )
Report/ ) Sirriulation desilggn projects, Peer review aipli e 2 e pualal
Presentation and constructive discussions o (S

oAl sl 58
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Zhong Lin Wang, "Triboelectric Nanogenerators,"
Springer, 2016.
Dagdeviren et al., "Piezoelectric Materials for Energy
Harvesting," Advanced Materials, various editions.

Research papers and review articles from journals like
Nano Energy, Energy & Environmental Science, Smart Materials
and Structures
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HW AXIOMS OF 1 2 1
PROBABILITY and
CONDITIONAL
PROBABILITY AND
INDEPENDENCE:
Sample Spaces Having
Equally Likely, Outcomes
Probability as a Continuous
Set Function, Probability
HW 1 as a Measure of Belief, 2 2 2
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Quiz

HW

Report

Report

1,2

1,2

1,2,3

1.3.4

1,3,5

Conditional Probabilities,
Bayes’s Formula.

RANDOM
VARIABLES: Discrete
Random Variables,
Continuous Random
Variables.

Expectation,  Variance
and Covariance:
Expected Value,

Expectation of a Function
of a Random Variable,
Variance, Expectation and
Variance of discrete and
continuous random
variable.

PROPERTIES OF
EXPECTATION:
Expectation of Sums of
Random Variables,
Obtaining Bounds from
Expectations  via  the
Probabilistic Method, The
Maximum—Minimums
Identity Moments of the
Number of Events that
Occur, Covariance,
Variance of Sums, and
Correlations.

DISCRETE RANDOM
VRIABLE AND
DISTRUBUTION: The

Bernoulli and Binomial
Random Variables,
Properties of Binomial
Random Variables,

Computing the Binomial
Distribution Function, The
Poisson Random Variable,
Computing the Poisson
Distribution Function,
Other Discrete Probability
Distributions, The

3 2 3

3 4 4,5
4 4 6,7
4 4 8,9
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HW

HW

HW

HW

1,2,3

1,2,3

1,2,3

Geometric Random
Variable, The Negative
Binomial Random
Variable, The
Hypergeometric Random
Variable, The Zeta (or

Zipf) Distribution.
CONTINUOS RANDOM
VRIABLE AND

DISTRUBUTION: The
Uniform Random Variable,
Normal Random Variables,

The Normal
Approximation to the
Binomial Distribution
Exponential Random
Variables, Hazard Rate
Functions, Other

Continuous Distributions,
The Gamma Distribution,
The Weibull Distribution,
The Cauchy Distribution,
The Beta Distribution, The

Pareto Distribution,
Identically Distributed
Uniform Random
Variables, Gamma
Random Variables, Normal
Random Variables,

Poisson and Binomial
Random Variables.

MIDTERM EXAM

Descriptive Statistics:
Describing Data  Sets,
Frequency Tables and
Graphs, Relative
Frequency Tables and
Graphs, Grouped Data,
Histograms, Ogives, and
Stem and Leaf Plots,
Summarizing Data Sets,
Sample Mean, Sample
Median, and Sample Mode,
Sample  Variance and

1-4

10

11

12

13

14
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Report

1,4,5

1,3,6

Sample Standard
Deviation, Sample
Percentiles and Box Plots.

Propagation of Error:
Measurement Error, Linear
Combinations of
Measurements,
Uncertainties for Functions
of One Measurement,
Uncertainties for Functions
of Several Measurements.

Confidence Intervals:
Large-Sample Confidence
Intervals for a Population
Mean, Confidence
Intervals for Proportions,
Small-Sample Confidence
Intervals for a Population
Mean, Confidence
Intervals for the Difference
Between Two  Means,
Confidence Intervals for
the Difference Between
Two Proportions, Small-
Sample Confidence
Intervals for the Difference
Between Two  Means,
Confidence Intervals with
Paired Data, Confidence
Intervals for the Variance
and Standard Deviation of
a Normal Population,
Prediction Intervals and
Tolerance Intervals.

Hypothesis Testing:
Large-Sample Tests for a
Population Mean, Drawing
Conclusions  from  the
Results of Hypothesis
Tests, Tests for a
Population Proportion,
Small-Sample Tests for a
Population Mean, Large-
Sample Tests for the

15
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Difference Between Two
Means, Tests for the
Difference Between Two
Proportions, Small-Sample
Tests for the Difference
Between Two  Means,
Tests with Paired Data,

Distribution-Free Tests.

Simple Linear and Nonlin
Regression: The Least-Squs
Line, Uncertainties in the Le
Squares Coefficients, Check
Assumptions and Transform
Data, The Multiple Regress
Model,  Confounding

Collinearity, Model Selectio|

oA s 69
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Statistics for Engineers and Scientists" by Willj
Navidi.
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Navidi.

tistics for Engineers and Scientists" by William | W (@ ) sailudl aaljally sl

<Blaall)
eee (M cAsalal)

FIRST COURSE IN PROBABILITY" by
Sheldon Ross.
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Atmospheric
Boundary
Layer

e Wind Statistics

and Weibull
Distribution

¢ Wind Power

Theory and Betz
Limit
Wind Turbine
Types g s 4l agd R
HW (Mechanical Adal ™~
. 1,2,5,6 ! Al 5 omalall
Perspective) Sle )
e Aerodynamic s JS5
Theory of Wind
Turbine Blades
e Blade Element
Momentum
(BEM) Theory g s34l pgd
Quiz 13.4.56 e Mechanical Al 8 e‘%‘
e Design of Wind il o el
Turbines g S
o. Loads,
Stresses, and
Fatigue g s sall ogd
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e Vibrations and
Noise
e Structural gaa gall
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Wind Turbine
Mechanics
¢ Research Topics in pua gall .
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e Applications of e Jl
nanotechnology in wind
turbines
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1. Introduction to Wind (Abaall) i 1 gl yall
Energy Systems Basics,Technology and Operati
Hermann-Josef Wagner - Jyotirmay Mathur
2. WIND ENERGY EXPLAINED
Theory, Design and Application
Second Edition J. F. Manwell and J. G.
McGowan , A. L. Rogers DNV —
Global Energy Concepts, Washington,
USA
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