Ain Shams University
Faculty of Engineering
Department of Structural Engineering

Some Geotechnical Aspects of Developing
Geothermal Energy in Egypt

By

Eng. Ahmed Sayed Abdelatty Mohammed
B.Sc. (honors) 2000, M.Sc. 2007 (Structural Engineering)
Faculty of Engineering, Ain Shams University

A Thesis
SUBMITTED IN PARTIAL FULFILLMENT FOR THE REQUIREMENTS OF THE
DEGREE OF DOCTOR OF PHILOSOPHY IN CIVIL ENGINEERING
(STRUCTURAL ENGINEERING)

Supervised By:
Dr. Fathalla M. EI-Nahhas
Professor of Geotechnical Engineering

Department of Structural Engineering
Faculty of Engineering — Ain Shams University

Dr. Yasser M. EI-Mossallamy Dr. Ahmed Reda EIBaz

Professor of Geotechnical Engineering Associate Professor
Department of Structural Engineering Department of Mech. Power Eng.
Faculty of Engineering Faculty of Engineering
Ain Shams University Ain Shams University

Cairo — 2014



INFORMATION ABOUT THE RESEARCHER

Name: Ahmed Sayed Abdelatty Mohammed

Date of Birth: 12/4/1977

Place of Birth: Cairo, Egypt

Qualifications: B.Sc. Degree in Civil Engineering (Structural Eng.)- Faculty
of Engineering- Ain Shams University-(2000)
M.Sc. Degree in Civil Engineering (Structural Eng.)-Faculty
of Engineering-Ain Shams University-(2007)

Current Job: Lecturer Assistant- Department of Construction Engineering-
Misr University for Science and Technology (MUST)

Signature: Ahmed Sayed
Date: January 2014



Examining Committee

Name and Affiliation Signature

Prof. Dr. Nabil Ahmed Fouad

Prof. Dr. Samir Mohamed Abd-Elghany

Prof. Dr. Fathalla M. EI-Nahhas

Prof. Dr. Yasser M. EI-Mossallamy

Date: 29/1/2014



STATEMENT

This dissertation is submitted to Ain Shams University for the
requirements of degree of Doctor of Philosophy in Civil Engineering
(Structural Engineering).

The work included in this thesis was carried out by the author in the
Department of Structural Engineering, Ain Shams University from 2008
to 2012.

No part of this thesis has been submitted for a degree or a
qualification at any other university or institute.

Date: January 2014
Signature: Ahmed Sayed



Acknowledgement

First, | do indeed thank Allah almighty who gave me the strength to
start and complete this thesis that | hope I have done properly.

At the completion of this work | would like to sincerely acknowledge
my dear mentor Prof. Fathalla EI-Nahhas. His scientific and personal
advices overwhelmed me all through the period of progress of this work.
A fact gave me a great momentum to complete this thesis.

No words suffice to show how gratified | am to Prof. Yasser El-
Mossallamy who undertook the difficult task of genuinely advising me
throughout the course of this thesis. He kindly guided, advised, shared,
helped me with his distinctive advices till this work finally came true. He
spared no effort for the sake of completion and satisfaction of this thesis.

Also, | am extremely grateful to Dr. Ahmed EIBaz for his great
support and supervision throughout this thesis. His ideas, comments and
thorough review of this thesis have greatly contributed towards the
completion of this research. His contribution to my personality, scientific
knowledge, and engineering profession is tremendously colossal.

I would like to thank all the technicians who helped me in building
the TRT apparatus and made it true.

| also would like to thank the doctors, engineers, and the
technicians at Ain Shams University Geotechnical Laboratory and in the
National Research Center Laboratory for their great efforts during the
testing of soil samples.

Many thanks are for the technicians and labourers who honestly
helped me in the site investigation and preparation.

Finally 1 am greatly indebted to my family for their support,
providing me the optimum atmosphere, bearing and encouraging me
during this research.

Ahmed Sayed
Cairo 2014



Ain Shams University

Aol Depatment of Structural
Faculty of Engineering S0,
(ot e

Engineering

Abstract of Ph.D. Thesis submitted by:
Eng. Ahmed Sayed Abd Elatty Mohammed: Lecturer Assistant, Department

of Construction Engineering, Misr University for Science and
Technology

Title of the thesis:

“Some Geotechnical Aspects of Developing Geothermal Energy in

Egypt”

Supervisors:

Prof. Dr. Fathalla M. El-Nahhas: Professor of Geotechnical Eng., Department
of Structural Engineering, Ain Shams University

Prof. Dr. Yasser M. EI-Mossallamy: Professor of Geotechnical Eng.,
Department of Structural Engineering,Ain Shams University

Dr. Ahmed Reda EIBaz: Associate Professor, Department of Mechanical Power
Engineering, Ain Shams University

ABSTRACT

Future generations are going to suffer energy and environmental problems
through this century due to fossil fuel resources depletion and global warming of
the earth. Low Temperature Geothermal Energy (LTGE) as a sort of renewable
clean energy resources represents a hope to overcome part of these problems.
LTGE systems are generally used for space heating and cooling purposes. Soil
acts as a Heat Exchanger (HE) in ground coupled LTGE systems. Ground
Vertical Heat Exchanger (VHE) is considered the most efficient as its expected
running costs are less than conventional air conditioning costs by about 35%.
Accurate estimate of soil thermal properties plays the key role for successful
design of LTGE system.

LTGE extraction potential in Egypt is investigated in this study. A specific
location was chosen, investigated, and prepared to conduct this study. Thermal
Response Test (TRT) apparatus was specifically built to investigate soil thermal
properties. Extracted soil samples were tested in laboratory to assess physical
and thermal properties. Awvailable soil physical-thermal correlations were
surveyed and applied to the collected soil samples to investigate its applicability
and accuracy. Comparison between TRT and laboratory results was conducted in
order to investigate the effect of groundwater flow on VHE. Further to
experimental work, VHE is numerically modeled to investigate its performance
under the effect of the injected heat loads. Finally, a design tool for LTGE
system is presented to show running cost savings of this system.

Keywords: Geothermal, Low temperature, Vertical heat exchanger,
Groundwater, Heat transfer.
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