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Active Solar Collectors and Their Applications, by Ari Rabl, Oxford University

Press (1985), plus distributed lecture notes.
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Renewable Energy: Sustainable Energy Concepts for the Future, by Roland

Wengenmayr and Thomas Bjhrke, Amazon.com (2008), plus distributed

lecture notes.
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Text: Distributed lecture notes.
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R.A. Knief, Nuclear Engineering: Theory and Practice of Commercial Nuclear
Power, Hemisphere (1992)
J. R. Lamarsh, Introduction to nuclear engineering, Addison-Wesley series in

nuclear science and engineering (1975)
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Special Report “The Rise of Biodiesel” World Peace Emerging, eBook (2008)

Handbook of Bioenergy Crops by N. El Bassam, Earthscan Publications Ltd,
ISBN: 9781844078547

Distributed lecture notes.
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R. Siegel and J.R. Howell, Thermal Radiation Heat Transfer, McGraw-Hill.
M.F. Modest, Radiative Heat Transfer, McGraw-Hill, plus distributed lecture

notes.
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A. Rabl, Active Solar Collectors and Their Applications, Oxford Univ. press,

1985. (Textbook, TJ 812.R33; 4 copies in the library available for three

days)

A. B. Meinel and M. P. Meinel, Applied Solar Energy, Addison-Wesley
Publishing Company, 1976. (TJ 810.M43)

J. A. Duffie, and W. A. Beckmann, Solar Engineering of Thermal Processes,
John Wiley, 1991 2nd ed. (TJ 810.D82 - first ed.)

J. F. Kreider and F. Kreith, Solar Energy Handbook, McGraw-Hill, 1981.(TJ
810.S6244)

D.Y. Goswami, F. Kreith, and J. F. Kreider, Principles of Solar Engineering,

Taylor and Francis, 1999.
J.M. Gordon, Editor, Solar Energy — The State Of The Art, James & James,
2001.
Distributed lecture notes.
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Industrial ventilation and air conditioning, by Tard Hayashi (1987), 7891 CRC
press inc., Boca Raton, Florida

Remote sensing of environment, by ScienceDirect (Online service) (1976),
Tomany J.P., American Elsevier Publishing co., NY. London,ams

Distributed lecture notes.
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Recommended text: Mechanics and Thermodynamics of Propulsion by Philip
Hill & Carl Peterson, Addison-Wesley (1992)
Distributed lecture notes.
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Internal Combustion Engines Fundamentals, McGraw Hill.J ,Heywood, B (1988)
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http://books.google.com/books?id=IgA1AAAAMAAJ&q=%22air+pollution.+the+emissions,+the+regulations+and+the+controls.%22&dq=%22air+pollution.+the+emissions,+the+regulations+and+the+controls.%22&num=4&client=internal-uds&cd=1&source=uds

Introduction to Internal Combustion Engines, Macmillan ,Stone, R., 3rd Ed. (2002)

Handbook of Air Pollution from Internal Combustion Engines, Sher, E., Academic Press
(1998)

Internal Combustion Engines and Air Pollution, Obert, F.E. Intext Education Publishers (1977)
The Two-Stroke Cycle Engine, Its Development Operation and Design, Sher, E. and
Heywood, J., Taylor and Francis (1999)

NI7I'7Mn NN N mun AN oM 97 '’n 378.2.2021

Imo 'nmo W"vw 3:™"m nrarm

NLABX 707 T T 7Y Mt ONIEN

7V D'oolann 77T RN ; NIMITIM NDIYNA DANLVEZR 12yn 12N pIoy' 0NN
[I'OXI [11DN7 NIV'Y ; D"AI71M-10I9 P77 'KN ; O'PT'N 7V D'00IANN 77T 'NN D'N'TIR
.DMU7M P77 KN 7Y D'YIN'YIN0TIN DM 77T 'KN

NS0

Fuel Cell Systems Explained By James Larminie, Maurice S Mc Donald, and Andrew Dicks,
Publisher: John Wiley & Sons

Biofuels for Fuel Cells Renewable energy from biomass fermentation, Edited by Piet Lens
Peter Westermann, Marianne Haberbauer and Angelo Moreno IWA, Publishing - London
Seattle
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1. Bayliss, C. R. (1999). Transmission and Distribution Electrical
Engineering. 2" Ed Oxford, Newnes.
2. Billinton, R and R. N. Allan. (1996). Reliability Evaluation of Power
Systems, New-York, Plenum.
3. Brown, R.E, (2002), Electric Power Distribution Reliability, New-York,
Marcel Dekker.
4. Farret, F. and A., M. Godoy Simoes, (2006). Integration of Alternative

Sources of Energy, John Wiley & Sons, Inc.
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Jan F. Kreider, Ari Rabl. Heating and Cooling of Buildings, Design for
Efficiency. McGraw-Hill 1994.

AHRAE Handbook of Fundamentals.

Duffie, J.A. and W.A. Beckman (1991). Solar Engineering of Thermal
Processes. 2nd Ed., Wiley & Sons.

D.Y. Goswami, F. Kreith, and J. F. Kreider, Principles of Solar Engineering,
Taylor and Francis, 1999.



Rabl, A. (1985). Active Solar Collectors and their Applications. Oxford
University Press, New York.
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R.A. Knief, Nuclear Engineering: Theory and Practice of Commercial Nuclear
Power, Hemisphere (1992)

J. R. Lamarsh, Introduction to nuclear engineering, Addison-Wesley series in
nuclear science and engineering (1975)
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1. Robert A. Ristinen, Jack P. Kraushaar, Energy and the environment,
John Wiley & Sons, 2005.
2. John R. Fanchi, Energy in the 21st Century, World Scientific Publishing
Company, 2005.
3. Adrian _Bejan, Peter Vadasz, Detlev_G. Krdger, Energy and the
environment, Springer, 1999.
4. Delbert W. Devins, Energy: Its Physical Impact on the Environment,
Krieger Pub Co, 1982.
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W.M. Mueller, J.P. Blackledge and G.G. Libowitz, Metal Hydrides, Academic
Press, New York (1968).
F.A. Kuijpers, Ph.D. Thesis, Technological University Delft (1973), also Philips
Res. Repts. Suppl. (1973) No.2.
Y . Fukai, The Metal-Hydrogen System. Basic Bulk Properties, (second
edition), Springer-Verlag, New York (2005).
T.B. Flanagan, in A.F. Andresen and A.J. Maeland(eds.), Hydrides for Energy
Storage, Pergamon, Oxford (1978), p.135.
J.W. Christian, The Theory of Transformations in Metals and Alloys, Part I,
Equilibrium and General Kinetic Theory (second edition), Pergamon, Hungary
(1975).
about ITER(International Thermonuclear Experimental Reactor):
http://www.iter.org/.
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El-Dessouky, H. T., and H. M. Ettouney. Fundamentals of Salt Water
Desalination. New York, NY: Elsevier (2002)
Wilf, Mark. The Guide Book to Membrane Desalination Technology. D'Aquila, Italy: Balaban
Desalination Publications (2007)
Spielger, K. S., and Y. M. El-Sayed. A Desalination Primer. D'Aquila, Italy: Balaban Desalination
Publications (1994)

20111mo 'no :w"w 3 :t"m NN N'D'7HD 378.2.2031

0119191 D''N T T 7Y Nt oI

D"'72'75 02N YW AN jIan oy TTIMNNY 01002 0'73 0'VITIVOY NNY ONIZN NTLVN
NIXIAYN ,TIO'N "AWIN 7V 110N — 072707 X1Ian 7170' 01Izn .n" 71X NOTINA DDINDN



"MINIINIRT NN X7 MM ,2'NAN 090D NINIT NN DATRA NI YT —
ONIZN .IM7Y9N NI7YI N'ANIX WTN WTN PN Dnpn DIV ,NIRT NN NIoIzZN
N1'N2AN [N DNNRPN 278 [0 — DAY NNIX 1NN DERTII NNV NN Tpnne

.DN7Y quIY 71yoN

NS0
o ']'7?1)'.]1 nxnn T Y |,7'7|n' D"9'¥X50 NINITI D'INKN

2012 2'ax 'no :w"w 3:1™"m NN nintva 378.2.1020
0119191 D*'N T T 7Y NI oI

NIN'0I] DIYZN D'VAN 7W 2N NIV DY NITTIMNNY D72 D'VITIVOY NP ONIZN
.N7IX NOTIN

N7y9n77 AwWpNNI NIN'VIA NI'O'0A NIO'OSN 7W 120N — NIN'VAY RIAN 177D DNIY'WUN
197 NN .TIVI DINNK,|'PNNI[IDIN NI DRNRY ,NRENNE 07NN 7in,0%0N
.127NN21 N1ANIR NOTINA NIWRN )*70N N7Y9n N7NNn

3 ™m N'2NIX Nayvaa "niiptim 910" Yw amn  378.2.1060
2011 1mo 'no W'y
17 07X T T Y Mt o0in

12YNn NIDWN N7V901 MDA NIANN DX NIz, NI7IR7M 1910 7¢ nmDIoy! oIn
NIDYAI NTNI'0I0ION 17NN NNAITD NI 71272 7w 0217172 070N TN .nNax
DNINI DMINANINIXK DNAIN 7V D'00IANN D'RV7IIVID D'RN NNAITI NI'VVL'O
NIDIYN 12 .07 DINNA NITIRYIM 19100 7W N'MDA NIA'WN WATIN .0"MN19/0M 211N
AIX NO™MO/N0Y7E NN ,NMIDR7A ATNA'OIVID 2D NI NIP7DN NIKV71VID
NI712' NO' .0 1DNNVFIRI D*VPRINTN DIPNN NNV LP7T 'RNL,DMAIX DNINI
[I'T V' D'RYIIN 722 . TIVI DY DYIN ,0M7 IR D907 NI'0VL'0I0ID NI7ID' DIY"
[N7w NIroa7apn NI7E7m 15100 7v '0'01N MDD NIANN AV YA 7'nyn
2V |NYSWI ,0N2¥] N'TANNAN DNIAXRND DX NIYAIRD DMWY NIYYPRI0VINI
DY NANIX QYN NDvN
:NN90

“Supramolecular Chemistry” by JW Steed and JL Atwood, 2009 by Wiley.
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Principal Components Analysis (PCA) .

Partial Least Squares (PLS) .

Canonical Correlation .

Linear Discriminant Analysis (LDA) ,n'00"ai7? n'0Nan .
nLu7NN 'Yy .

HCA-1 K-means -Cluster Analysis .
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Office Tel: 08-6472955
Office Fax: 08-6472955
Office E-mail: hamit@bgu.ac.il

General Background

Today it is clear to all who live in modern society that the subject of energy is central
to modern life. Its importance will continue to increase with the depletion of
conventional energy sources which currently support and make possible all our daily
activities. The purpose of the proposed program for a Master's Degree in Energy


http://cmsprod.bgu.ac.il/Eng/engn/Departments/
http://cmsprod.bgu.ac.il/Eng/engn/Departments/
http://www.bgu.ac.il/engn/energy/default.htm

Engineering is to train engineers holding a bachelor's degree to contend with the
energy crisis which is at our door, and this by means of organized study of alternate
energy sources and improvement of the utilization of conventional sources. Among
others, the following subjects will be studied: solar energy, bio-fuels, nuclear energy,
wind energy, fuel cells and batteries, biological and hydride fuel cells. All this is in
addition to conventional applications, as for example internal combustion, jet engines,
control of air pollution, and desalination of sea water. There will be a demand for the
graduates in a wide range of industry in Israel and abroad, whether by users of energy
or suppliers of energy.

Registration Conditions

Those who may register for the studies: holders of a baccalaureate degree in any
engineering area (B.Sc.) from a recognized academic institution in Israel or abroad
who have achieved a minimum average of 80, and a ranking in the top 30% of their
class; graduates holding a baccalaureate degree in natural sciences who have achieved
a minimum average of 85, and are ranked in the top 15%. To each student a program
of studies will be tailored based on his background in his studies toward the
undergraduate degree. The above admission conditions are threshold conditions
and having achieved them does not guarantee acceptance. The final decision as to
acceptance is at the discretion of the departmental and faculty admissions committees
(graduate students committee) after considering the entirety of data relating to the
applicant (grades, class standing, reference letters, academic background, professional
experience, etc.), and depending on the number of places available.

Structure of the Study Program

The Energy Engineering Unit offers studies toward the master's degree (M.Sc.) and
doctorate (Ph.D.). Requirements for the master's degree include 36 course credits.
The student must accumulate 12 [of the] credits doing a comprehensive research work
(thesis), in addition to 9 credits in required courses, 6 of these being for required
courses and 3 for a required seminar. Nine additional credits are from a list of
elective courses offered within the Energy Engineering program. Six additional
credits are from courses offered to master's students in the departments within the
Engineering Faculty; when choosing courses not on the list of the Energy Engineering
program they must be approved by the advisor and by the Instruction Committee of
the Energy Engineering Unit.

Details as to the studies toward the doctoral degree can be obtained from the Kreitman
School for Advanced Graduate Studies.

Academic Faculty Members and Teaching Staff

Faculty members in the Unit are faculty of the departments of the Faculty of
Engineering Sciences, of other faculties of the Ben Gurion University of the Negev
and external lecturers, all of whom are leader in fields related to Energy Engineering
in Israel. Following the staff member name are key words indicating the member
research and teaching activities.

Prof. Zeev Wiesman — Head of Energy Engineering Unit, Biofuels; Biomass Energy;
Intelligent Clean Tech for Bioenergy; Analytical Chemistry & Chemometrics; Multi-
spectral analysis; Physico-Chemical Properties; Biofuels Standards.



Prof. Raul Rabinovici Chairman of the Research Students Committee, Electric
Machines; Power Systems; Industrial and Power Electronics; Photovoltaic Solar
Energy; Wind Energy.

Prof. Eran Sher Internal Combustion Engines, Alternative Fuels, Combustion and
Emission, Fuel injection, Micro Engines.

Prof. Eli Korin crystallization, water desalination ,Fuel cells, Energy storage.

Prof. Jeff Gordon; maximum-performance radiative transfer; solar concentration;
advanced photovoltaic devices; nanomaterial generation; novel power production
methods.

Prof. Daniel Feuerman Solar Energy Systems, Nonimaging Optics, Material
Synthesis with Solar Ablation, Solar Concentrators.

Prof. Armand Bettelheim Electrocatalysis, Conductive Polymers, Fuel Cells,
Acrtificial Photosynthesis, Water Splitting, Hydrogen Storage, CO, Electroreduction.
Prof. Alex Galperin Nuclear Engineering.

Dr. Eugene Shwageraus  Nuclear Engineering.

Dr. Jack Gilron Wind-aided evaporation (WAIV), brine management, renewable
energy desalination (RED), energy efficient desalination.

Dr. Chaim Rappaport Prejects management, Process safety, Process engineering,
Optimizing energy using and engineering economy.

Dr. Charles Linder Macromolecules.

Dr. Moshe Hirsh  Wind energy, Efficient energy management.

Dr. Yisrael Parmet Statistics energy modeling.

Courses offered in the Energy Department Unit

Alternative energy sources 1:

SOLAR ENERGY:

1. Magnitude of the solar resource; the solar spectrum and its ramifications.

2. Sun-earth geometry and its use in system design.

3. Heat transfer in solar collector design and performance.

4. Optics of solar concentration.

5. Photovoltaic basics.

Text: Active Solar Collectors and Their Applications, by Ari Rabl, Oxford University
Press (1985), plus distributed lecture notes.

BIO-FUELS:

Introduction to plant energy resources. Historical brief introduction of the
development of organic materials produced by plant for various energy uses starting
from wood burning until biodiesel and bioethanol will be carried out. The basic light
energy fixation into organic material via the photosynthetic process will be studied.
The turn over of energy from the basic free sugar through lignocelluloses materials
used for fermentation and bioethanol production will be discussed. The secondary
plant energetic products, triglycerides and their processing into biodiesel will be also
reviewed. Various biological raw materials used today in the international biofuels
industry will be reviewed. Economical and environmental advantages and
disadvantages of biofuels will be discussed as well as future approaches of the
international industry.



Text: Renewable Energy: Sustainable Energy Concepts for the Future, by Roland
Wengenmayr and Thomas Bjhrke, Amazon.com (2008), plus distributed lecture
notes.

Alternative energy sources 2:

INRODUCTION TO NUCLEAR POWER:

The series of lectures will cover the fundamentals of producing electricity from

nuclear fission.

Basic concepts of nuclear physics will be reviewed such as atomic structure, isotopes,

radioactivity, fission phenomenon, chain reaction and criticality.

Next, fundamentals of nuclear reactor engineering will be covered along with short

descriptions of the most common reactor types.

Finally, a brief overview of the current status, challenges and prospects of nuclear

energy will be presented.

Text:

2. R.A. Knief, Nuclear Engineering: Theory and Practice of Commercial Nuclear
Power, Hemisphere, 1992.

3. J. R. Lamarsh, Introduction to nuclear engineering, Addison-Wesley series in
nuclear science and engineering, 1975.

WIND POWER:

Description of ideal wind turbine (the Betz limit); review of horizontal and vertical

axis conventional wind turbines and assessing their efficiencies. Various ways for

improving the turbine's efficiency; non-conventional wind turbines.

FUEL CELLS AND BATTERIES:

Introduction and basic principles of fuel cells and batteries; thermodynamics, kinetics

and transport phenomena in fuel cells and batteries. Classification of fuel cells, alkaline

and acid fuel cells, molten carbonate, solid oxide and solid polymer electrolyte fuel cells,

direct methanol and direct borohydride fuel cells. Primary and secondary batteries,

lithium ion batteries. Current status and new research & development directions in

electrochemical energy conversion.

References: Leo J. M.J. Blomen and M. N. Mugerraw, Fuel Cells Systems, Plenum
Press, New York and London (1993).

J. Larmine and A. Dicks, Fuel Cell systems Explained, John Wiley, New York (2000).
A. J. Bard and L. R. Faulkner, Electrochemical Methods: Fundamentals and
Applications, John Wiley, New York (2001).

T.R. Crompton, Battery Reference Book, Third Edition, Newnes, Oxford (2000).
INTRODUCTION TO NUCLEAR POWER

A series of lectures covering the fundamentals of producing electricity from nuclear
fission.

Basic concepts of nuclear physics will be reviewed such as atomic structure, isotopes,
radioactivity, fission phenomenon, chain reaction and criticality.

Next, fundamentals of nuclear reactor engineering will be covered along with short
description of the most common reactor types.

Finally, a brief overview of the current status, challenges and prospects of nuclear
energy will be presented.

Texts: R.A. Knief, Nuclear Engineering: Theory and Practice of Commercial Nuclear
Power, Hemisphere, 1992.
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J. R. Lamarsh, Introduction to nuclear engineering, Addison-Wesley series in nuclear
science and engineering, 1975.

Seminar:
In the seminar every student will present a 3 hours lecture on an energy related topic
of his choice.

Bio-fuels and biomass energy:

The course will be focused on the study of production processes and utilization of
biological derived energy and its conversion to industrial useable biofuels. The basic
photosynthetic apparatus unique to plants and microorganisms responsible for the
light energy fixation and production of organic material will be studied. Emphasis
will be given for understanding light reaction Kelvin cycle yielding sugars. Large
scale biomass industrial systems for sugars and oils production used for bioethanol
and biodiesel biofuels will be discussed. Various high potential biomass resources
including algae, oil seeds, agriculture and industrial waste materials highly rich with
lignocellulose components will be screened. Advanced biotechnologies for cost-
efficient biofuels production process will be studied.

Texts: Special Report “The Rise of Biodiesel” World Peace Emerging, eBook (2008).
Handbook of Bioenergy Crops by N. El Bassam, Earthscan Publications Ltd, ISBN:
9781844078547.

Distributed lecture notes.

Thermal radiation:

1) Rudiments of blackbody radiation.

2) Basic principles in radiometry.

3) Configuration factors and radiative exchange between blackbodies.

4) Radiative transfer among graybody surfaces.

5) Radiative exchange when specular surfaces are involved.

6) Effects of absorbing and transmitting media and the radiative properties of gases.
7) Thermodynamics of luminescence.

8) Radiation combined with conduction and convection.

The principal aim is for the student to develop an intimate familiarity with the concepts,
calculational tools, analytic methods and assorted approaches to problems in radiative
transfer, with a plethora of practical applications. Examples include illumination
problems, radiation concentration, satellite thermal design, furnace design, infrared
industrial heating, and solar energy collection.

Recommended texts: (a) R. Siegel and J.R. Howell, Thermal Radiation Heat
Transfer, McGraw-Hill.
(b) M.F. Modest, Radiative Heat Transfer, McGraw-Hill.

Introduction to nuclear power

This course will introduce the technology of producing electricity from nuclear
fission.

It is offered as “minor” requirement subject of choice for the graduate students in
Energy Engineering program.

The course will cover the following topics:



— basics of nuclear physics including atomic structure, radioactivity, and nuclear
fission

— physics and engineering fundamentals of nuclear reactor operation

— review of the nuclear fuel cycle, uranium mining, enrichment, and nuclear
waste management

— introduction to nuclear power economics and discussion of nuclear weapons
proliferation issue

Text: R.A. Knief, Nuclear Engineering: Theory and Practice of Commercial Nuclear
Power, Hemisphere, 1992.

Solar Energy:

- Overview of Solar Energy applications

- Solar geometry (equation of time, incidence angles on fixed and tracking surfaces)

- Solar radiation (beam, diffuse, reflected; measurement; radiation models)

- Introduction to optics of solar collectors

- Flat plate collectors

- Collector efficiency and collector testing

- Passive solar heating (design options, prediction of seasonal performance)

- Concentration (performance prediction, utilizability)

- Practical consideration, thermal storage

- Overview of photovoltaics.

- Field trip to the Ben-Gurion National Solar Energy Center

Texts: A. Rabl, Active Solar Collectors and Their Applications, Oxford Univ. press,
1985. (Textbook, TJ 812.R33; 4 copies in the library available for three days)

A. B. Meinel and M. P. Meinel, Applied Solar Energy, Addison-Wesley Publishing
Company, 1976. (TJ 810.M43)

J. A. Duffie, and W. A. Beckmann, Solar Engineering of Thermal Processes, John
Wiley, 1991 2nd ed. (TJ 810.D82 - first ed.)

J. F. Kreider and F. Kreith, Solar Energy Handbook, McGraw-Hill, 1981.(TJ
810.S56244)

D.Y. Goswami, F. Kreith, and J. F. Kreider, Principles of Solar Engineering, Taylor
and Francis, 1999.

J.M. Gordon, Editor, Solar Energy — The State Of The Art, James & James, 2001.

Air pollution control:

Definition of air pollution, air polluters, their characteristics, sources and influence on
humans and the environment. Monitoring of air polluters. Analyses of polluters'
emission. Methodologies of polluters control with emphasis on electricity plant and
car emissions.

Texts: Industrial ventilation and air conditioning, by Taré Hayashi (1987), 7891 CRC
press inc., Boca Raton, Florida

Remote sensing of environment, by ScienceDirect (Online service) (1976), Tomany
J.P., American Elsevier Publishing co., NY. London,ams

Distributed lecture notes.



http://books.google.com/books?id=hPtSAAAAMAAJ&q=%22industrial+ventilation+and+air+conditioning%22&dq=%22industrial+ventilation+and+air+conditioning%22&num=4&client=internal-uds&cd=1&source=uds
http://books.google.com/books?id=IgA1AAAAMAAJ&q=%22air+pollution.+the+emissions,+the+regulations+and+the+controls.%22&dq=%22air+pollution.+the+emissions,+the+regulations+and+the+controls.%22&num=4&client=internal-uds&cd=1&source=uds

Biological fuel cells, electrical energy produced by biological
molecules

The course will be focused on electrons transfer mechanisms in biological systems;
fuel cells based on bacterial enzymes; photo-biological fuel cells; methods for design
and engineering bio-fuel cells; engineering and applications of bio-fuel cells.

Texts: Fuel Cell Systems Explained By James Larminie, Maurice S Mc Donald, and
Andrew Dicks, Publisher: John Wiley & Sons

Biofuels for Fuel Cells Renewable energy from biomass fermentation, Edited by Piet
Lens Peter Westermann, Marianne Haberbauer and Angelo Moreno IWA, Publishing
- London Seattle

Power systems:

Global effort to reduce greenhouse gas emissions accelerated technological
development has led to extensive changes in the operating concept of power systems
worldwide. These changes are reflected in two areas: integrating renewable energy
and efficiency in electricity consumption while integrating smart electricity networks
(Smart Grid). Another significant factor lies in the technological development of the
American government's incentives designed to encourage economy on one hand and
striving for "green" future on the other.

This course will address current knowledge of power systems in production,
transmission and distribution networks, reliability analysis, integrating renewable
energy and future technologies (smart electricity networks). The course will be
incorporated into an educational tour at an electrical substation or a power station at
Israel Electric Company in order to increase the connection between theory and
practice

Main topics to be covered are:

1. Structure of the electricity sector and regulatory policy.
2. Systems and technologies to generate electricity.

3. Switching stations and transmission systems.

4. Distribution systems.

5. Basic principles of system operation.

6. Electricity reliability and quality metrics.

7. Economic models to assess reliability of supply.

8. Analytics simulation methods to set reliability targets.
9. Renewable energy.

10. Smart electricity networks ("Smart Grid").

Texts: Bayliss, C. R. (1999). Transmission and Distribution Electrical Engineering.
2nd Ed Oxford, Newnes.

Billinton, R and R. N. Allan. (1996). Reliability Evaluation of Power Systems, New-
York, Plenum.

Brown, R.E, (2002), Electric Power Distribution Reliability, New-York, Marcel
Dekker.

Farret, F. and A., M. Godoy Simoes, (2006). Integration of Alternative Sources of
Energy, John Wiley & Sons, Inc.



Hydrides

Hydrogen - source of the energy in the universe. Use of hydrides in nuclear reactors.
Hydrogen — secondary energy source. Hydrogen storage in hydrides. Chemical energy
for burning of hydrogen. Thermodynamics of hydride formation. Determination of
enthalpies and entropies of formation from pressure-composition isotherms and from
specific heat measurements. Binary metal hydrides. Intermetallic and complex metal
hydrides. Kinetics of hydrogen absorption. General concepts of fusion reactions and
fusion reactors.

Texts: W.M. Mueller, J.P. Blackledge and G.G. Libowitz, Metal Hydrides, Academic

Press, New York (1968).

F.A. Kuijpers, Ph.D. Thesis, Technological University Delft (1973), also Philips Res.

Repts. Suppl. (1973) No.2.

Y . Fukai, The Metal-Hydrogen System. Basic Bulk Properties, (second edition),

Springer-Verlag, New York (2005).

T.B. Flanagan, in A.F. Andresen and A.J. Maeland(eds.), Hydrides for Energy

Storage, Pergamon, Oxford (1978), p.135.

JW. Christian, The Theory of Transformations in Metals and Alloys, Part I,

Equilibrium and General Kinetic Theory (second edition), Pergamon, Hungary

(1975).

Energy Storage

THERMAL ENERGY STORAGE IN PHASE CHANGE MATERIALS (PCM)
Introduction: Basic principles of various thermal energy storage methods.
Advantages/disadvantages of PCM compared to sensible heat, thermal energy storage
method. Classification of PCM: paraffins, non-paraffins, salts hydtate, molt salts and
metallic materials and eutectic mixtures.

Basic thermodynamics, heat and mass transfer analysis in phase change thermal
energy storage process. Applications: solar heating/cooling of building, solar water
heating, off-peak electricity etc. In addition, when discussing power systems and
energy storage the following topics will be covered: Electric vehicle, hybrid electric
vehicle, smart home. Power grid and energy storage; electric energy storage means.
Ultra capacitors, hyper capacitors. Flywheel energy storage systems. Superconducting
storage systems. Electric energy storage applications.

Water desalination

Introduction: Definitions and basic principles of desalination. Energetic,
environmental and economical aspects in water desalination processes.

Desalination by evaporation processes: multi-stage flash and multiple effect.
Desalination by membranes: Reverse osmosis, electrodialysis, membrane distillation
and pervaporation. Flux equations, concentration polarization, scale formation,
solubility of sparingly solute electrolyte in water including thermodynamic and
kinetic effects. Methods for treatment and scale prevention in desalination processes.
Concentrate management and hybrid processes for high recovery desalination.
Technologies for desalination by renewable energy.

References:
El-Dessouky, H. T., and H. M. Ettouney. Fundamentals of Salt Water Desalination.
New York, NY: Elsevier, 2002.



Wilf, Mark. The Guide Book to Membrane Desalination Technology. D'Aquila, Italy:
Balaban Desalination Publications, 2007.

Spielger, K. S., and Y. M. El-Sayed. A Desalination Primer. D'Aquila, Italy: Balaban
Desalination Publications, 1994.

Energy in Industry

Experts from various industrial fields such as: Electricity, Refineries, Oil, Micro-
Alage, Food, Environment, Industry and Management and others will give lectures
related to problems and solutions relevant to energy production and efficient use.
Following each expert lecture an open discussion will be held.

Jet propulsion

Introduction to Jet Propulsion; conservation equations and their usage for assessing
performance of an ideal jet-engine; properties of gas mixtures; thermodynamics and
chemistry of jet-fuels; ramjet engine and assessment of its performance; description
and performance analysis of turbojet, turbofan and turboprop engines; flow losses in
jet engine intakes and in nozzles; combustion chambers.

Text: Mechanics and Thermodynamics of Propulsion by Philip Hill & Carl Peterson,
Addison-Wesley (1992)

Distributed lecture notes.

Internal combustion engines

Introduction (Basic concepts, principles of SI and CI engines); Introduction -
continued ( 2S and 4S engines, Wankel, Stirling and turbine engines); Engine testing
(Performance map, power measurements); Engine speed range, optimal working
point, pollutant types, energy balance, friction and lubrication; Ideal cycle analysis,
ceramic coating; Mixture preparation in Sl engines; Ignition and combustion in SI
engines; Fuel injection, ignition and combustion in CI engines; Gas exchange in 4S
engines (principles, exhaust tuning, exhaust thermal energy, supercharging, turbo-
charging); Gas exchange in 2S engines (principles, modern 2S engines); Mechanism
of pollutants formation and their health and environmental effects; Pollution control
(Lambda sensor, catalytic converters, EGR, water addition); Optimal operation
conditions for electrical generators and hybrid propulsion units; Summary and
examples.

Texts: Internal Combustion Engines Fundamentals, McGraw Hill.J ,Heywood, B
(1988).

Introduction to Internal Combustion Engines, Macmillan ,Stone, R., 3rd Ed. (2002)
Handbook of Air Pollution from Internal Combustion Engines, Sher, E., Academic
Press (1998)

Internal Combustion Engines and Air Pollution, Obert, F.E. Intext Education
Publishers (1977)

The Two-Stroke Cycle Engine, Its Development Operation and Design, Sher, E. and
Heywood, J., Taylor and Francis (1999)

Energy and Buildings



Elements of heat transfer in buildings: Review of conduction heat transfer, steady and
non-steady state heat transfer, lumped capacity analysis; convection heat transfer,
forced convection, natural convection; radiation heat transfer, shape factors.

Air infiltration. Stack effect, wind effect, measurement methods; Building heating and
cooling loads. Design conditions, building heat transmission coefficient, heat
generation, heat balance; Solar Radiation. Solar geometry, solar radiation models,
solar radiation on any surface. Passive solar heating. Methods, examples, modeling
passive solar heating systems. Passive cooling. Night ventilation cooling potential,
effectiveness of building mass. Windows:Refraction, reflection, incidence angle
modifier, glazing properties, frames, shading coefficients, heat transmission
coefficients.

Field trip: numerous climate-adapted buildings are located on the Sede Boker campus.
We will explore some excellent examples and some failures.

Recommended Reading:

Jan F. Kreider, Ari Rabl. Heating and Cooling of Buildings, Design for Efficiency.
McGraw-Hill 1994,

AHRAE Handbook of Fundamentals.

Duffie, J.A. and W.A. Beckman (1991). Solar Engineering of Thermal Processes. 2nd
Ed., Wiley & Sons.

D.Y. Goswami, F. Kreith, and J. F. Kreider, Principles of Solar Engineering, Taylor
and Francis, 1999.

Rabl, A. (1985). Active Solar Collectors and their Applications. Oxford University
Press, New York.

Process Safety for Engineers

The objective of this course is to give the students basic tools to compete with wide
variety of safety components included in Energy Engineering. The content is as
follows: Basic introduction to safety — explanation of basic concepts in safety and the
connection to operation processes, the low and standards requirements, information
and reporting, risk evaluation, types of surveys, surveys objectives, who is going to
the surveys and responsibility. All this, before and during building stages and during
continuous operation.

""Supramolecular' Chemistry of Energy Conversion Systems

The covalent and supramolecular chemistry which determines the molecular structure
and operation of energy conversion systems will be taught over a series of 12-13
lectures. The course will cover both biological energy conversion such as natural
photosynthesis, and synthetic systems such as photovoltaics based on both inorganics
and organic/polymeric materials. The importance of supramolecular chemistry in this
field will be emphasized and the first lectures will cover the basic aspects in this
subject. Photovoltaics, synthetic photosynthesis, inorganic light emitting diodes
(LED) and organic LED (OLED), fuel cells, batteries, thermoelectric, and
electromechanical devices will be covered. In the biological area the conversion of
sun light and water into chemical energy by photosynthesis, muscular movement,
conversion of light or sound to electrical impulses will be described. In all the
subjects the basic chemical structures, their covalent as well as secondary interactions
determining their self aggregate structures, will be used as a basis for describing the
characteristics of each of the energy conversion systems.



Literature:
“Supramolecular Chemistry” by JW Steed and JL Atwood, 2009 by Wiley.

Introduction to Energy Engineering 1

Hydrostatic; properties of fluids; conservation equations (of mass, momentum and
energy) and their usage in solving flow problems. Introduction to viscose flow;
laminar flow; similarity; turbulent pipe flow.

Phase diagram of a pure substance, phase equilibrium in two and three components
systems, Psychrometric and water vapor-air mixture, mass and energy balances with
and without chemical reaction processes, heat of formation and combustion, flame
temperature.

Introduction to transport phenomena, basic principles in heat transfer: conduction,
convection and radiation, steady and unsteady state problems with heat transfer.
Basic principles in mass transfer, diffusion and, Fick's law, convective mass transfer,
steady and unsteady state problems with mass transfer, overall convective mass
transfer coefficients between phases.

Introduction to Energy Engineering 2

The course will provide to the students basic understanding of biologicl-chemical-
physical aspects related to plant systems and processes most relevant to sustainable
Energy Engineering field.

The study will be focused to understanding of the photosynthetic system, that is
absorbing the light energy and converting it to organic matters, enriched with usable
energy. The plant cell wall, consisted of poly-sugars, produced by the photosynthetic
apparatus and accumulated along plant cell growth. Special emphasis will be given to
study of the plant lipid components, accumulated in plant tissues as an energetic
reserve. In general the course will deal with the light energy absorbed, metabolized in
plant tissues and its conversion to potential forms to be efficiently used in existing
industrial engine today.

Relevant literature will be distributed before each class



