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ABET

This is to certify that the following programs at

Jouf University

are accredited by the Engineering Accreditation Commission
of ABET for the 2019-2020 academic year

Civil Engineering (Bachelor of Civil Electrical Engineering (Bachelor of
Engineering) Electrical Engineering)

Computer Engineering and Networks Mechanical Engineering (Bachelor of
(Bachelor of Computer Engineering and Mechanical Engineering)

Networks)

AN F Vs chaecl L2y f—

ABET President // Executive Director and CEO Commission Chair
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= C @ amspubabetorg/a

tion Search Program Search

I:\ Include institutions with histerically accredited programs | Filter Options W/

Institutions Jouf University

1 result(s) Sakaka, Saudi Arabia (wwwiju.edu.sa)

Jouf University Programs that are no longer accredited are excluded from the results below
Sakaka, Saudi Arabia View historically accredited programs

Electrical Engineering (Bachelor)

Accredited: Oct 1, 2018 - Present

Accredited Locations: Main Campus , College of Engineering

Date of Next Comprehensive Review: 2025-2026

Accredited By: Engineering Accreditation Commission

Program Criteria: Electrical and Electronics Engineering Collapse A

< C @ amspubabetorg/a 7searchType=institution&ke:

© Institution Search Program Search

|| Include institutions with historically accredited programs | Filter Options W/

Institutions Jouf University

1 result(s) Sakaka, Saudi Arabia (wwwju.edusa)

Jouf University Programs that are no longer accredited are excluded from the results below
Sakaka, Saudi Arabia View historically accredited programs

Mechanical Engineering (Bachelor)

Accredited: Oct 1, 2018 — Present

Accredited Locations: Main Campus (College of Engineering)

Date of Next Comprehensive Review: 2025-2026

Accredited By: Engineering Accreditation Commission

Program Criteria: Mechanical Engineering Collapse A

= C @& amspub.abetorg/

© Institution Search Program Search

Jouf

|:\ Include institutions with historically accredited programs | Filter Options v

Institutions Jouf University

1 result(s) Sakaka, Saudi Arabia (www.ju.edu.sa)

Jouf University Programs that are no longer accredited are excluded from the results below
Sakaka, Saudi Arabia View historically accredited programs

Civil Engineering (Bachelor)

Accredited: May 1, 2020 - Present

Accredited Locations: Main Campus (College of Engineering)

Date of Next Comprehensive Review: 2025-2026

Accredited By: Engineering Accreditation Commission

Program Criteria: Civil Engineering Collapse A
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Day O Sunday Dec. 15, 2019

Breakfast On your own EAC Team
10:00 - 11:55 a.m. Team meetings held by EAC in hotel to review pre-visit work EAC Team
12:00 p.m. and initial assessment EAC Team

1:00 p.m. Lunch at the hotel EAC Team

1:302:00- p.m.
2:005:00- p.m.
5:00 p.m.
5:307:00- p.m.
7:30 p.m.

Travel to campus

Meet with the Dean and Vice Dean

Open for your choice of activities
Travel to hotel

EAC team meetings at hotel

EAC Team
EAC Team
EAC Team

EAC team dinner

Day 1 Monday, Dec. 16, 2019

Breakfast On your own

8:00 a.m. Travel to campus \EAC Team
8:309:30- a.m. Presentation by the Dean College of Engineering EAC Team
9:3510:00- a.1m. Meet with Dean and Vice Dean College of Engineering EAC TC

10:0010:25- a.m. EACTC
Meet with provost (Vice Rectorate of Educational affairs)
10:3010:55- a.m. EACTC
College Programs Support Administrators

11:0011:45- p.m. EACT
pm Luncheon with deans, program chairs, and other invited administrators, e
12:001:00- p.m. EAC Team

1:151:45- p.m. EACTC

Meet with president

students, staff, and guests
Registrar
1:452:15- p.m. Assessment Office
2:152:45- p.m. Career Services
2:453:15- p.m. Safety
3:153:45- p.m. Finance
3:454:15- p.m. IT
5:307:00- p.m. EAC team meetings at hotel. Meetings may be joint or separate as EAC Team
needed.

7:30 p.m. EAC Team
EAC team dinner

Day 2 Tuesday, Dec. 17, 2019

Breakfast On your own
8:00 a.m. Travel to campus
8:3011:30- a.m. Complete exit statement and script, review PEV materials, confer with
institutional representatives and other TC as needed.
TC debriefs Dean College of Engineering.

Team working lunch, finalize exit statements and forms. Team lunches
11:30 a.m.-12:00 p.m.

12:001:45- p.m.
2:003:30- p.m.

may be separate or joint as needed.
Exit meeting
(With the President, and any other institutional staff Dean wish to
include)

3:30 p.m. Teams depart campus for airport
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Electrical Engineering Program — Jouf University
EE Accreditation Visit Schedule (08 to 11 -11-2020)
Day-1 Sunday (08-11-2020)
No. Time Activity Participants (EE Program) Location
AC and RP with:
- Head of Quality and Accreditation
. 0] Unit
Og‘oﬁﬁynﬂﬁ'sl)SAM Reception of NCAAA AC and RP (Dr. Ammar Armaghan) College
Program Coordinator
(Dr. Ammar Armaghan)
Review Panel Organization Meeting: to discuss | AC and RP with:
arrangements for the visit, administrative support - Head of Quality and Accreditation
08:15 AM - 08.35 AM | assignments, evidence forms available, visit schedule, Unit
(20 mins) etc. (Dr. Ammar Armaghan)
- Program Coordinator
(Dr. Ammar Armaghan) RP Working
Room
08.40 AM - 09:10 AM | Overviewing the program documents; and evidence
(30 mins) available on site.
, ing: - -
09:10 AM-10:10 AM Prlvatte Meeting: AC and RP to dlscgss and coorf:llnate ACand RP
(60mins) questions, arrangements for meetings, allocation of
tasks and writing up final RP report.
Private meeting with the College Dean to discuss | Ac and RP with:
1 10:15 AM-11:05 AM | topics related to the mission and goals of the College, - Dean of College Interview
(50mins) strategic planning and college priorities for the (Dr. Majed Abdulrahman Alzara) Room

Program, leadership selection, allocation of academic

0’0.0‘0‘0
¢, 0.0
.00
0‘0

4

57




4 - - -
Kingdom of Saudi Arabi; % A3 gl Ay }-“’M‘
Education Evaluation Commission o andadl) a8l A

National Center for g;g_e;;g;:;:)reditaﬁon & Evaluation & o sy slaie ) g oy gl bl 38 all
2
L)

and administrative responsibilities, system of
accountability, updating policy and approval
processes, major program changes, program quality
control, and basic elements to ensure the quality of
administrative processes.

Dean of Deanship of Quality and
Academic Accreditation
(Dr. Fayad Hamed Alanazi)

12:00 PM - 01:00 PM Dean of College
(60mins)

Prayer and Formal Lunch (Break) (Dr. Majed Abdulrahman Alzara)
HOD (Dr. Turki Alanazi)
Program Coordinator
(Dr. Ammar Armaghan)

AC and RP with:
- Head of Quality and Accreditation
Unit and EE Program Accreditation
(Dr. Ammar Armaghan)
members of the strategic planning
committee
Discussion of vision, mission, objectives, KPIs and Dr. Hegazi Ibrahim
quality assurance system in the program and their Dr. Osama EI-Baksawi
institutional alignment Dr. Ahmed Fathy
Dr. Emad Mohamed
Dr. Yasser Khalaf
Dr. Omer Mubarak
Dr. Ahmed Ben Atitallah
The statistical unit
Dr. Zaki Ahmed

Interview
Room

11:10 AM- 12:00 PM
(50 mins)
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Dr. Ammar Armaghan

AC and RP with:

- Dean of College
(Dr. Majed Abdulrahman Alzara).

o el Al 50 (e Jglsean

- Maintenance manager and official of
risk management at the Institution
(Dr. Fayad Shafi Alanazi)

- Officials responsible for facilities and
equipment in the program Interview
Dr. Emad Mohamed Room
Dr. Tarek Kandil
Dr. Mohamed Adel
Dr. Ahmed Ben Atitallah
Dr. Hegazi Ibrahim
Eng. Osama Alsattam
Eng. Khaled Albulaihed
Eng. Majed Alsharari

Discussion of financial issues: budgeting procedures
and financial resources, risk management on both the
institution and college levels (including security and
safety risk management), maintenance of facilities
and equipment in the program.

01:00 PM-01:50
PM (50 mins)

AC and RP with:
- Head of Quality and Accreditation

Discussion of procedures f ing th Unit
||sfcutss:)n o] F‘)roc;i1 ures]:)r preparlng[ e prog]ram (Dr. Ammar Armaghan)
2:00 PM -2:50 PM sell=study, closing the quallty assurance Of)p' analysis - Self-study Report committee Interview
. and use of surveys feedback, proof and evidence, and .
(50mins) i ) ! . N Dr. Abdullah Alharbi Room
measuring KPIs with analysis, statistics, action plans
Dr. Ammar Armaghan

and continuous improvement plans Dr. Tarek Kandil

Dr. Emad Mohamed
Dr. Mohana Alanazi
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3:00 pm- 3:50 pm
(50 mins)

Discussion of academic responsibilities, program and
course specifications and approval processes,
processes of discussing course and program annual
reports, field experience specifications and report,
study plan development policies, alignment with
National/Saudi Qualifications Framework, the PLOs
and CLOs and how they are assessed, monitoring of
educational processes (including quality requirements
in the Preparatory or Foundation Program, if any) and
the activities of the Alumni Unit.
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Dr. Ahmed Ben Atitallah
Dr. Omer Mubarak

Dr. Yasser Khalaf

EE Quality coordinator
(Dr. Ammar Armaghan)

AC and RP with:

Head of Academic Affairs Unit
(Dr. Nasr Rashid)

HOD (Dr. Turki Alanazi)
Program Coordinator

(Dr. Ammar Armaghan)

Staff responsible for developing the
study plan and academic affairs
Dr. Abdullah Alharbi

Dr. Ammar Armaghan

Dr. Zaki Ahmed

Dr. Nasr Rashid

Dr. Yaser Khalaf

Dr. Omer Mubarak

Approval Process

Dr. Emad Mohamed

Field Experience Specifications and
Report

Dr. Khaled Kaaniche

Alumni Unit

Dr. Mohamed Adel

Dr. Mohana Alanazi

Interview
Room
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Day-2 Monday (09-11-2020)
Session No. Time Activity Participants (EE Program) Location
AC and RP with:
- Dr. Ammar Armaghan
- Dr.Omer Mubarak
- Dr. Abdullah Alharbi
Discussion of the development and review of CLOs - Dr. Khaled Kaaniche
and PLOs, teaching strategies, methods of - Dr.Tarek Kandil
5 08:30 AM -09:20 AM | assessment, learning resources, course and field - Dr.Emad Moh.amed ) Interview
(50 mins) experience  specifications, course reports, - Dr.Fayad Shafi Alanazi Room
teaching/work load, work environment, recruitment, - Dr.Mohamed Adel
and performance appraisal. - Dr.Yasser Khalaf
- Dr. Mohana Alanazi
- Dr. Amjad Almatrood
- Dr. Ayman Althuwayeb
- Dr. Ahmed Ben Atitallah
AC and RP with:
- Head of Research Committee +Active
Discussion of the research development plan in the Eﬂ:ﬂz‘;zl;::e:llc:rf;fol[ow.
7 (19:30 AM-10:20 AM | program, relevant policies, priorities of research, Dr: Fayad Shafi Alanazi Interview
(50 mins) research activities in the program, and supporting Room
R Dr. Emad Mohamed
research and scholarly activities in the program. Dr. Tarek Kandil
Dr. Ahmed Fathy
Dr. Mohana Alanazi
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10:30 AM - 11:20 AM
(50mins)

Discussion of partnership activities with the
community, and opportunities for field experience,
expanding job opportunities for students and alumni
with, alumni participation in the program
development, relationships with external bodies for
placement of training, external funding, research
chairs, advisory board impact on the program,
community services (e.g. health care campaigns,
workshops, training programs, awareness raising
activities, etc.)
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Ahmed Ben Atitalla

AC and RP with:

- Those who are involved in
community partnerships, community
services, field training, career
counselling and the graduate’s unit
in the college:

Community Partnerships
- Dr. Yasser Khalaf
- Dr. Tarek Kandil
- Dr. Zaki Ahmed

Field Training
- Dr. Mohana Alanazi
- Dr. Mohamed Adel
- Dr.Khaled Kaaniche

Interview
Room

Career Counselling
- Dr. Waleed Alhosaini
- Dr. Mohamed Adel

Alumni Unit
- Dr. Mohamed Adel
- Dr. Mohana Alanazi

Research Chairs
- Dr. Ahmed Ben Atitallah
- Dr. Ahmed Fathy
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11:30 AM - 12:20 PM

Tour of program facilities, equipment, and classrooms
(e.g. labs, clinics, study areas, prayer places, and sport
facilities, cafeteria, student clubs, etc.)

AC and RP with:
- Dean of College
(Dr. Majed Abdulrahman Alzara)
- HoD (Dr. Turki Alanazi)
- Program Coordinator

° (50 mins) Visiting the library and discussing with staff ('_)" Ammar Armaghan) Tour
responsible for the library services the availability of - Library
learning resources necessary for the program. (Dr. Mohamed Adel)
- Sport Facilities
(Dr. Ahmed Fathy)
AC and RP with:
A sample of undergraduate students
(between 10-12 students) from different
Discussing a sample of students about their attitudes years and different levels  of
and perception of advising and counseling, quality of | ;chievement:
teaching and learning, curriculum, CLOs and PLOs, - Nayef Ben Ahmed
campus climate, campus facilities, mentoring, - Nawaf Ben Amjad
10 01:00 PM - 1:50 PM | extra-curricular activities; student clubs, course - Abdullah Ayidh Interview
(50 mins) scheduling, career advice, training, student residence, - Ahmed Daud Room
food services, community service engagement, - Fayez Alruwaili
adequacy of teaching staff, student orientation, - Maan Saleh
students’ policies & procedures, library services, code - Saud Mohamed
of conduct, etc. - MOATH SAAD ALKWAIKEBI.
- Mamdoh Ibrahim Alquhisan
- Rayan alruwaili
02 :00 PM - 02:50 PM Discussing a samplfe of graAduatesAabout thfe quality qf AC and RP with: N Interview
11 . teaching and learning, their learning experience, their - Mohamed Menwer Alruwaili
(50 mins) Room

soft skills, their fitness for the job, campus climate,

- Khaled Gazaa Alanazi
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their interaction and contribution to the program, Khaled Alkowaikibi

quality of services, their interaction and contribution Jamal Alnaghmesh

to the program improvement, etc. Terad Alelaasi
Mosaaed Alruwaili
Soliman Alshamari
Abdelhamid Hazaa Alruwaili

AC and RP with:
- Eng.Zeyad Badr Altaleb
Discussion of performance of graduates: graduates' Eng. Abdelrahman Alanazi
fitness for the job, soft skills, research skills, time
management skills, commitment; ways of employers'
interaction with the program; training of students;
provision of jobs, etc.

Eng. Shaher Ahmed Al-Fayad

Eng. Mohammed Alruwaili Interview
Eng. Ghonem Alruwaili Room
Eng. Fahad Al-Sharari

Eng. Yasser Alswilem

Eng. Abdulsalam Almarie

0.3:00 PM-03:50PM
(50 mms)
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No. Time Activity Particip (EE Program) Location
AC and RP with:
- Dean of Student Affairs at the
Institution
(M) 95 Bl Asae Blans)
Discussion of the academic affairs, academic and - Officials for academic affairs in the
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Electrical Machines Lab dwLes)l Uil Jooo
The electrical machines Lab. contains several types of DC machines, induction and
synchronous machines, single-phase transformers, with a variable voltage three-
phase power source, and various electrical and mechanical loads as well as connection
panels and measuring devices. The student conducts various experiments on these
machines to identify their characteristics, test their performance, calculate their
efficiency, and acquire the practical skills to deal with them. This lab supports the
.theoretical part presented in the electrical-machinescourses
duindl OUUlg « poluwad Ul Ul go Elg_ii 6sc e sginy .dubaddl uUil Jooo
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Power Protection Lab awloJl Joeoo
Electrical protection systems are one of the basic components of any electrical
network, as they are responsible for protecting the network elements in the event of
any short or failureinit. The Electrical Engineering department has a power systems
protection laboratory, which serves senior students (in the 8thlevel), specializing in
electrical power. The laboratory contains the latest protection devices that simulate
the actual devices used in electrical power networks. The laboratory also has
computers connected to the internet and the protective devices, where the control
of these devices can be made automatically. The lab also has a special model for
transformers, transmission lines, and sensors, as well as various protection devices,
:including
Laji Cuo ' db e’ dsuui eI dwlw il Glgsall go dulmsll dlan]l dokhii aoj
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The experiments of this laboratory are divided into three sections, namely, protection

of overhead transmission lines, protection of sockets (bus bars) and protection of

.transformers
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Power Systems Lab S98JI dodhii Jooo

The electrical power systems lab is one of the basic labs for the students of the
electrical engineering program. The lab includes many units that enable students
to conduct a wide range of practical experiments related to the basics of single
and three-phase electrical circuits, electrical power transmission lines, parallel
transformers, and generator synchronization, as well as a set of analog measuring
devices such as (ammeter, voltmeter and power measuring devices, and power
factor meters) and other set of digital meters. The lab aims to emphasize a set
of theoretical concepts that are studied during the courses, as well as to provide
students with many laboratory skills and experiences that enable them to use various
devices and measuring devices, and to construct circuits.
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Power Systems Control Lab 98l dalhil (o asail Jooo

The Power Systems Control Laboratory is one of the newly joined laboratories for
the Electrical Engineering Program. This lab contains two complete power systems
starting from the units of electric power generation, transmission, distribution,
and loads. The lab contains many experiments on how active and inactive poweris
transmitted through power systems, how to control system voltage and frequency,
electrostatic compensators, and various protection systems and how to improve the
power factor. The lab allows synchronization and control of electric power generating
units with the electrical grid, as well as monitoring and tracking the performance
of the power system through the control system (SCADA). The lab aims to provide
students with many laboratory experiences and skills in the field of power system
.control
2ol Lias coudil (Ul Olpuizall ol d8Uall dadhil (6 p 820l Jooeo jiioy
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Power Electronics Lab s9aJl g sl Joeoo

The Power Electronics Lab is one of the distinguished laboratories that enable
students to keep pace with the development of (Speed Drives) and (Renewable
Energy) systems. The lab contains many single or three-phase converters to control
the speed of DC or AC motors. The lab also contains an integrated model for solar
energy and another model for wind energy that can be operated in an independent
or network-connected mode. The lab aims to provide students with many laboratory
and technological skills in the area of power electronics and their applications in
various fields.
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Electronics Lab gyl Jooo

The electronics lab helps the student to acquire several basic skills and appreciate
the basic concepts of the electronic devices and circuits.The student will be able to
identify the properties of the diode and transistor by drawing the IV characteristic
curves, as well as studying the operating regions of the diode and the transistor.
The student recognizes different applications of the diode and transistor. The lab
sharpens the student’s theoretical concepts in electronics courses and provides him
.with practical skills in dealing with electronic circuits
89 duwlw U Ulylawod! (o agaell uludsl Gle wdUadl Glbgyist Ul Joeo seluuy
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UwgsJyl Joeoo Electronics Lab

The electronics lab helps the student to acquire several basic skills and appreciate
the basic concepts of the electronic devices and circuits.The student will be able to
identify the properties of the diode and transistor by drawing the IV characteristic
curves, as well as studying the operating regions of the diode and the transistor.
The student recognizes different applications of the diode and transistor. The lab
sharpens the student’s theoretical concepts in electronics courses and provides him
with practical skills in dealing with electronic circuits.
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Electrical measurements lab dwlesl Glwlddl Jooo
This lab aims to introduce students to the usage of basic electrical measuring
devices and technical tools. The lab contains seven panels and each panel is
equipped with a set of basic devices such as: a multi-meter, a DC power supply, a
function generator, and an oscilloscope. With the aid of available facilities in the
electrical-measurements lab, the student will be able to learn all uses of different
devices through careful designed experiments that enhance the understanding and
.awareness of the student
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dwlesdl plgadl Joeo  Electrical Circuits Lab

The Electrical Circuits Lab aims to train students on constructing and simulating
electrical circuits. The student implements practical experiments related to the
fundamentals of electrical circuits and methods of measuring DC and AC voltage
and current and applying various circuit theories inside the lab such as the theories
of Ohm’s Law, Norton and Thevenin and other theories through which electrical
circuits are simplified. Students build electrical circuits through electrical boards
.(Hardware) and also through computers using the NI Multisim software program
LAl esdl lgadl 6BLlang clu e bl ayysd JJI dwbyesdl jilgall Joeo wWiay
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Communications Lab Uil Joeo

The communications lab is one of the most important engineering laboratories that
containmanyengineeringexperimentsdedicated for thestudentsof communications
and electronics engineering track. The lab contains three parts that cover the most
:important basics in the field of communications, as follows
gl o waell Jle sgind Ul duswadsd! Joleoll p@i U0 SULaiUl Jooo jlioy
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First:experiments on the basics of traditional radio and television communications

(Analog Systems). The student will be able to learn the patterns of electrical signals

.and their design methods
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Second:experiments on the fundamentals of wireless

communicationsrelevant to the antennas and wave propagation. The

student will be able to learn the frequency patterns of several antennas

used in wireless communications.
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Third:experiments related to the fundamentals of modern and advanced
optical fiber communications. The student will be able to recognize the
calculations and methods of connecting optical fibers and the sensitivity
.of this type of communication systems )
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obuoll prond!l Jooo Logic Design Lab
With the aid of the Logic Design Lab, students are able to identify the basic and
compound logic gates and to design and build various logic circuits according to the
practical basics of such circuits. The laboratory is also used in training the student
to implement combinational and sequential circuits in practice,to record the results,
and to ensure that they conform to the principles of these circuits.The lab also
includes a NI Multisim program that enables the student to re-simulate what has
been practically implemented.
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Integrated Circuits Lab dloBiadl plgaJl Joeo

In the Integrated Circuit Lab, students learn basic software used in designing
logic gates. He also learns how to simulate instructions and apply them to a field
programmable gate array (FPGA).The main benefit of these experiments is the
possibility of programming a system of logic gateswithout the need of manufacturing
any electronic piece. The student uses a computer and a special CAD tool to program
and simulate code instructions or sequence on the field programmable gate array.
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ag6J1 Uldleodl Joeoo Microprocessor Lab
This lab aims to teach and train students on studying the basic components of a
computer, where the 8086 microprocessor-based kit is used in simulation and
programming. Students program the microprocessor devices using Assembly
language and study the execution of all mathematical operations through it.Many
applications are implemented using the kit, such as displays, control of motor
rotations, elevators, and voice sampling techniques.
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Control Systems Lab o301 dodAjl Jooo

The Control Systems Lab is one of the first laboratories that were launched at the
beginning of the establishment of the College of Engineering at Jouf University.The
lab is equipped with many and various experiments that allow students to study
and understand the characteristics of control systems and to represent simulation
models such as control systems for engine speed, temperature, and fluid flow
control in.industrial production lines. This lab has been recently updated with five
laboratory setups specializing in PLC control systems from Siemens, which are of the
most popular systems used in factories and control rooms in various engineering
.and industrial sectors
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Total station:3™ angular
accuracy

Pocket stereoscope with
training of photographs

Pocket penetrometer 2

Mirror stereoscope with
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Plate Bearing apparatus 1
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ABSTRACT ARTICLE HISTORY

The aim of this study is to experimentally investigate the impact of several Received 8 July 2019
design parameters on the performance of an active solar still that is typically ~ Revised 2 October 2020
used to produce desalinated water. Thus, a solar still with 1 x 1 m? basin area Accepted 26 October 2020
and 1 m height has been designed and constructed to carry out the experi- KEYWORDS

ments. This solar still was integrated with a photovoltaic unit to generate Active solar still; desalinated
electricity to power two circulation pumps (CPs) and one electric heater (EH). water; water productivity;
These CPs and EH were immersed in the water basin to increase the turbu- heat and mass transfer;
lence intensity and temperature of the water molecules in the still basin and feasibility study

hence increase the water productivity. The impact of varying the water

depth, circulating the basin water via CPs, and heating the basin water via

EH on the solar still performance has been evaluated in a conventional solar

still (CSS), an active solar still (CSS with CPs), and another active solar still (CSS

with CPs and EH). The experimental results revealed that the water produc-

tivity increases as the water depth decreases: the daily productivity of the

CSS with CPs increased by approximately 10% when the water depth was

decreased from 6 to 3 cm. Moreover, compared to that of CSS at a water

depth of 3 cm, the daily water productivity increased approximately 20% and

24% in cases of CSS with CPs and CSS with CPs and EH, respectively. Finally,

an economic study was carried out to confirm the feasibility of the solar still.

This study illustrated that the constructed solar still is economically feasible,

and the estimated benefit-cost ratio is 4.1.

Introduction

Interest in solar desalination technology is mainly due to the world population growth and limited
potable water resources. The advantages of solar desalination technology include being eco-friendly,
zero fuel cost, and low maintenance cost. Solar still remains the simplest solar desalination technology
due to its simple design, construction, and low operational costs. However, its low water productivity
encourages researchers to develop high-efficiency solar stills. A typical solar still is constructed from
a watertight box with a clear glass or plastic cover. The bottom of the box is usually painted black to
absorb the sun’s heat. The basin of the still is filled with non-potable water, such as sea water or dirty
water from plants. The sun’s heat is absorbed through the still’s cover and the water in the basin is
evaporated and then condensed on the inner surface of the still’s cover. Due to gravity and the tilt of
the still's cover, the condensed water runs into a storage container adjacent to the solar still. This
process leaves behind the impurities, such as salts and solids in the still’s basin and produces potable
water in the storage container.

There are several factors affecting solar still water productivity, for instance, the solar intensity,
wind velocity, glass—water temperature difference, water depth, and insulation. The solar intensity and

CONTACT Waleed Abdelmaksoud @ wamarouf@ju.edu.sa @ Mechanical Engineering Department, Jouf University, Skaka, Saudi
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approximately 17% at 3 cm water depth and 30 rpm fan rotational speed. The effect of glass-cover-
coating materials was tested in a study by Zanganeh et al. (2020). The results showed that the silicone
coating increased the water productivity by 20% compared to that obtained using non-coated glass.
Panchal et al. (2020) investigated the effect of vertical and inclined fins on the performance of solar
stills. Over six months of research, the average obtained yields for CSS, solar still with vertical fins, and
solar still with inclined fins were 1.873, 2.322, and 2.375 Lm 2, respectively. Kabeel et al. (2020)
improved the performance of a pyramid-shaped solar still by including hollow circular fins and PCM
to extend the water production after sunset. The recorded experimental data of daily water produc-
tivity for the CSS and CSS with hollow circular fins and PCM were 4.02 and 8.1 Lm 2, respectively. Al-
harahsheh et al. (2018) enhanced the CSS performance via PCM and a solar collector. Due to the PCM
effect, about 40% of the daily water productivity was produced after sunset. Elbar and Hassan (2019)
introduced novel solar still integrated with PCM, a photovoltaic (PV) module, and forced air cooling
(FAC). Several experiments were conducted to demonstrate the highest efficiency of solar still
configuration. The experimental results showed that the CSS has the minimum efficiency (24.6%)
and the novel solar still with PCM, PV, and FAC has the maximum efficiency (32.86%). Another
integrated solar still system was proposed in the study by Madiouli et al. (2020). They examined the
impact of integrating a solar still with PTC, a packaged glass ball layer (PLGB), and a flat plate collector
(FPC). The results demonstrated that the integrated solar still with PTC, PLGB, and FPC provided
increased average water productivity by about 187%, when compared to that obtained using CSS.

Although the recent research mentioned above presented various modifications on solar stills to
increase the water productivity and efficiency, the present paper is proposing a novel technique that
utilizes the electric power generated by a PV unit to heat and circulate the water in the still basin. An
electric heater immersed in the water basin is employed to convert the electric power to thermal
energy, which increases the glass—water temperature difference and hence increases the water pro-
ductivity and efficiency of the solar still. Moreover, two circulation pumps are immersed in the water
basin to increase the turbulence intensity of the water molecules that improves the convective heat
transfer coefficient and increases the water evaporation rate. Circulating and heating the water in the
still basin modifies the solar still performance from passive to active mode. As far as the authors are
aware, immersing circulation pumps and an electric heater in the water basin to increase the solar still
productivity can be considered a novel technique.

Design approach and methodology

An experimental study was conducted on an active solar still that was designed to improve the
desalinated water productivity. A solar still with 1 x 1 m” basin area and 1 m height has been designed
and constructed to conduct the study. Dimensions of the constructed still are shown in Figure 1. This
solar still was made of steel and then painted in black on the inside such that maximum incident solar
heat can be absorbed, as shown in Figure 2. Foam insulation and wood boards on the outside surface
were used to insulate the solar still. A 1-m (length) semicylindrical tube was installed inside the solar
still at nearly 8 cm above the bottom surface of the still. This tube is used to collect condensed
(desalinated) water from the glass cover and then convey it to the pure water tank outside the still. Two
circulation pumps (CPs), 15 W each, were installed underneath the semicylinder tube to circulate the
water in the still basin. One of the installed CPs is shown in Figure 3. A 300 W electric heater (EH) was
installed at the center of the basin surface (as shown in Figure 4) to increase the water temperature in
the still basin.

A PV unit was integrated with the solar still to supply the electric power needed for operating the
CPs and EH. This PV unit consists of a PV cell, battery, inverter and controller. A photograph of the
final construction of the solar still integrated with the PV unit is shown in Figure 5.

Six experimental cases have been designed for the present study, see Table 1. These six experimental
cases have been selected to reveal the importance of varying the basin water depth, circulating the
basin water, and heating the basin water for the solar still performance. We started the study by
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wind velocity cannot be controlled because they are meteorological factors. The other parameters can
be controlled to increase the solar still water productivity. Previous studies showed that increasing the
wind velocity and glass—water temperature difference has a positive effect on the water productivity,
while increasing the water depth has a negative effect. If the wind velocity increases from 1 to 6 ms™ ',
an increase of approximately 14.4% in the productivity will occur (Keshtkar, Eslami, and Jafarpur
2020). If the glass—water temperature increases from 2.8 to 5°C, the water productivity will increase by
nearly 14% (Ketabchi et al. 2019). If the water depth increases from 1 to 3.5 cm, the daily water
productivity will decrease from 3.72 to 2.08 kgm™> (Manokar et al. 2020).

There is a research interest in analyzing the performance of different solar still configurations using
numerical simulations and validating the results against experimental data. For instance, Rashidi et al.
(2017) carried out a numerical and experimental study to investigate the impacts of partitioning in
a solar still on its performance. The study showed that the daily productivity increases by installing
a partition in the still. The productivity increased by 4.81%-8.16% compared to the still without
a partition. The performance of solar stills with different geometries was investigated, experimentally
and numerically, in the study by Altarawneha et al. (2017). The experimental data and CFD (compu-
tational fluid dynamics) model predictions showed that the single slope still had the highest produc-
tivity, compared to other geometries. Agrawal, Rana, and Srivastava (2017) presented a detailed
comparison of experimental and theoretical results obtained for a single-sloped solar still. An agree-
ment between the experimental and theoretical results was observed. The study investigated the effect
of water depth on the still productivity. The results showed that as the water depth decreases, the
productivity increases. The experimental data of the daily efficiency were 32.42% and 41.99% for 10 cm
and 2 cm depth, respectively. Rajaseenivasan et al. (2017) performed mathematical and experimental
investigations to study the effect of turbulence in the water basin using four stirrers. The results
demonstrated that the stirrers action increased the water productivity by 30% when compared to
a conventional solar still (CSS). Rahbar, Asadi, and Fotouhi-Bafghi (2018) compared the performance
of two different geometries of solar stills, tubular versus triangular, using the experimental and CFD
results. The results indicated that the performance of the tubular still is 20% higher than the triangular
one. Cheng, Huo, and Nian (2019) experimentally and numerically investigated the phase change
material (PCM) effect on the solar still performance. The results revealed that the daily productivity of
the solar still with PCM was 3.41 Lm™2, 43.3% higher than the CSS (without PCM).

The recent literature shows several modern enhancement techniques for increasing the productiv-
ity of solar stills. For example, Hassan, Ahmed, and Fathy (2019) examined the effects of wire mesh
and sand mediums on water productivity. The experimental results revealed that the wire mesh and
sand in the still basin raised the average daily productivity by about 3.2% and 13.9%, respectively.
Bagheri, Esfandiari, and Honarvar (2019) experimentally evaluated the performance of a solar still that
utilizes different solar panels and cylindrical parabolic collectors to enhance the water productivity.
The experimental data showed that the maximum and minimum values of water productivity were
5.091 and 2.852 kg day '. Alwan, Shcheklein, and Ali (2020) integrated a solar still with a solar
collector to raise the basin water temperature and hence increase the water productivity. Compared to
CSS (without solar collector), an approximate 292% increase in the productivity was achieved. Fathy,
Hassan, and Ahmed (2018) conducted experiments for three systems: CSS, solar still with fixed
parabolic trough collector (PTC), and solar still with tracked PTC. A significant improvement in the
water productivity was observed in the solar still with a tracked PTC system. This system has a 142.3%
and 28.1% increase in the productivity when compared to those obtained using the CSS and solar still
with fixed PTC, respectively. Haddad, Chaker, and Rahmani (2017) enhanced the productivity of CSS
using a vertical rotating wick (VRW). Several experiments were conducted to evaluate the VRW effect
on the solar still performance. The comparison with CSS (without VRW) showed that the average
water productivity of the still with VRW increased by 32.9%. Omara, Abdullah, and Dakrory (2017)
conducted a set of experimental tests to evaluate the water fan contribution in improving the solar still
performance. The water fan was embedded in the basin and was operated using a wind turbine.
Compared to that obtained using CSS (without water fan), the daily water productivity increased by
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Figure 4. Photograph of the electric heater installed in the basin of the still.

were conducted with the aim of achieving the highest-performance solar still setup under the available
operating conditions, and then recommending it for practical/improved solar still operation. In each
experiment, water productivity was measured every hour during the day time from 9:00 AM to 8:00
PM. All experiments were conducted in March 2019 with an average ambient temperature of 22°C in
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Figure 1. Dimensions (in cm) of the constructed solar still.

Figure 2. Photographs of the solar still body: (a) before painting and (b) after painting.

introducing a baseline experiment (Exp. 1 in Table 1) that represents a CSS practice at 6 cm water
depth. We then decreased the water depth to 3 cm in Exp. 2 to illustrate the effect of varying the water
depth in the still basin. In Exps. 3 and 4, the CSS was modified (called active solar still) to include the
CPs to illustrate the effect of circulating the water in the still basin at water depths of 6 and 3 cm,
respectively. In Exps. 5 and 6, the CSS was modified to include both the CPs and EH to illustrate the
effect of circulating and heating the water in the still basin at water depths of 6 and 3 cm, respectively.
Note that due to the limited power source capacity from the PV unit, only 1 h for operating the EH was
allowed at the beginning (from 9:00 to 10:00 AM) of those two experiments. All the six experiments
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Figure 5. Photograph of final construction of the solar still integrated with the PV unit.

Table 1. Experimental cases studied in this present work.
Exp. No. Water depth, Circulation pumps (CPs) Electric heater (EH)

the Jouf University campus (Latitude: 29° 47" 1.9” N, Longitude: 40° 2 42.2” E) located at Al-Jouf
Province, Saudi Arabia.

Results and discussion

In this section, the results of the conducted experiments are presented in order to illustrate and discuss
the impact of varying the water depth in the still basin, circulating the water in the still basin via CPs,
and heating the water in the still basin via EH. These experimental results represent the performance
evaluation study of CSS (without CPs and EH), active solar still (CSS with CPs), and active solar still
(CSS with CPs and EH) operating in 3 and 6 cm water depths. However, before conducting this study,
shakedown experiments were carried out on the experimental setup of CSS at 6 cm water depth to
ensure repeatability of the experimental data. The amount of desalinated water per hour was measured
for four consecutive experiments starting from the third to the sixth of March 2019, as shown in Table
2. The uncertainty percentage for this set of experimental data was estimated according to the
mathematical expressions provided in Nakra and Chaudhry (2017). As shown in Table 2, the
uncertainty percentage of the water productivity measurement is 2.78%.
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Table 2. Repeatability and uncertainty analysis of the experimental data.

Desalinated water (Lm~2h™")

S. no. Time (h) March 3 March 4 March 5 March 6
1 9 0.00 0.00 0.00 0.00
2 10 0.10 0.10 0.08 0.11
3 1 0.09 0.10 0.11 0.11
4 12 0.12 0.1 0.12 0.13
5 13 0.11 0.1 0.14 0.13
6 14 0.25 0.25 0.28 0.27
7 15 0.28 0.27 0.29 0.27
8 16 0.54 0.52 0.51 0.49
9 17 0.33 0.35 0.34 0.32
10 18 0.36 0.36 0.37 0.38
1 19 0.56 0.54 0.58 0.59
12 20 0.24 0.25 0.25 0.22
Daily productivity (Lm™2) 2.98 2.96 3.07 3.02
Average 0.25 0.25 0.26 0.25
Standard deviation 0.17 0.16 0.17 0.16
% Uncertainty 2.78

Results of the six experimental cases that are listed in Table 1 are presented in Figure 6-11,
revealing the importance of varying the basin water depth, circulating the basin water, and heating
the basin water in terms of solar still performance. The effect of water depth on the productivity of CSS
is shown in Figure 6. This figure compares the accumulated water productivity results in Lm™> for
Exps. 1 and 2 (see Table 1), which were designed at 6 and 3 cm water depth, respectively. Both
experimental data showed approximately the same increasing trends. As expected, based on the
literature review, the daily water productivity increased by approximately 5% when the water depth
in the still basin decreased from 6 to 3 cm. The main reason for this increase in water productivity is
the decrease in water volume in the still basin, which results in increasing water temperature and
a corresponding increase in the yield of water. Moreover, the effect of water depth on the productivity
of an active solar still (CSS with CPs) is shown in Figure 7, which represents the comparison of water

Accumulated water productivity (Lm2)

0 T T T T
8 10 12 14 16 18 20

Time (h)
-#-CSS, 3 cm -8-CSS, 6 cm

Figure 6. Effect of water depth on the productivity of CSS.
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Accumulated water productivity (Lm2)

12 14 16
Time (h)

-@-CSS + CPs, 6 cm -9-CSS,6cm

Figure 8. Effect of water circulation via CPs on the productivity of solar stills at 6 cm water depth.
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Figure 9. Effect of water circulation via CPs on the productivity of solar stills at 3 cm water depth.

increase in the water productivity are achieved in the CSS with CPs and CSS with CPs and EH,
respectively. It is also observed in Figure 11 that the effect of EH on the hourly water productivity
started at 11 AM, which is one hour earlier than a similar experiment at 6 cm water depth (see Figure 10).
It is speculated that less water volume in the still basin led to an increased water temperature that
initiated the water evaporation process more quickly.
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Figure 7. Effect of water depth on the productivity of active solar still (CSS with CPs).

productivity results for Exps. 3 and 4. Once again, the experimental results show that the water
productivity increases as the water depth decreases. A 10% increase in the daily water productivity was
achieved when the water depth in the still basin decreased from 6 to 3 cm. It is obvious that the CPs
increase the turbulence intensity of the water molecules, which improves the convective heat transfer
coefficient, thus increasing the solar still yield in the experiment involving a water depth of 3 cm.

The effect of water circulation via CPs on the solar still productivity is illustrated in Figures 8 and 9,
where the performances of an active solar still (CSS with CPs) and a CSS are compared at water depths
of 6 and 3 cm, respectively. It is clearly observed that the CPs increased the daily water productivity in
both cases (6 and 3 cm water depths). Owing to the CPs in CSS, about 16% and 20% increase in water
productivity was achieved in cases with water depths of 6 and 3 cm experiments, respectively. This 4%
difference in the productivity enhancement indicates that decreasing the water volume in the still basin
has a positive effect on the active solar still performance. This enhancement is due to less water volume
in the still basin, which increases the circulation rate, for the same pumping power, and hence
improves the convective heat transfer coefficient and water evaporation rate.

The effect of water heating via EH on the solar still productivity is shown in Figure 10, where the
comparison of accumulated water productivity results for the CSS, CSS with CPs, and CSS with CPs
and EH at 6 cm water depth are presented. This figure demonstrates that the highest daily water
productivity of 3.7 Lm ™ is obtained in the CSS with CPs and EH. Compared to CSS, about 16% and
19% increase in the water productivity are achieved in the CSS with CPs and CSS with CPs and EH,
respectively. Therefore, operating the EH increased the water yield by approximately 3%. Note, due to
the limited power source capacity from the PV unit, only 1 h for operating the EH was allowed at the
beginning (from 9:00 to 10:00 AM) of the experiment. In Figure 10, the effect of the EH on the hourly
water productivity is observed at 12 PM experimental results, after which the corresponding data trend
started to diverge from the other two trends. To examine the impact of water volume in the still basin,
the comparison of accumulated water productivity results between the CSS, CSS with CPs, and CSS
with CPs and EH is repeated, but under 3 cm water depth, as shown in Figure 11. A significant
improvement in the daily water productivity is observed in the experimental setup of CSS with CPs
and EH, where a yield of 4.2 Lm™ is produced. Compared to CSS, approximately 20% and 24%
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Figure 12. Comparison of water productivity with previous works.

PCM in Cheng, Huo, and Nian (2019), the solar still with a vertical rotating wick in Haddad, Chaker,
and Rahmani (2017), the solar still with water fan in Omara, Abdullah, and Dakrory (2017), the solar
still with inclined fins in Panchal et al. (2020), and the solar still with PTC, PLGB, and FPC in Madiouli
et al. (2020).

Figure 12 shows the comparison between the experimental results of the active solar still presented
in this paper and other results presented in the above-mentioned previous works. It can be observed
that the daily water productivity of the active solar still (present work) is higher than the productivity
of solar still with PCM in Cheng, Huo, and Nian (2019), the productivity of solar still with water fan in
Omara, Abdullah, and Dakrory (2017), and productivity of solar still with inclined fins in Panchal et al.
(2020). However, the daily water productivity of the active solar still is lower than the productivity of
solar still with a vertical rotating wick in Haddad, Chaker, and Rahmani (2017) and the productivity of
solar still with PTC, PLGB, and FPC in Madiouli et al. (2020). Therefore, future optimization of the
active solar still presented in this paper requires considerable work. Certain modifications, such as
integrating a parabolic trough for heating the water inlet and increasing the number of circulation
pumps in the still basin, can be implemented to further improve the water productivity.

Feasibility study

The cost of a solar still unit and the resulting benefits are important factors in the design process. Thus,
a feasibility assessment of any proposed project should be implemented to compare the associated
costs to the resulting benefits. A benefit-cost ratio (BCR) is an indicator that has been used to assess the
economic feasibility of the constructed solar still unit. The BCR is the ratio of benefits to costs where
a project is economically feasible if the BCR value is at least 1. If a project’s BCR is less than 1, the
project’s costs outweigh the benefits and it should not be considered. The BCR formula is expressed as

Benefits of the Project (B)

BCRse —/— i i i /7o /M — —— M ————
Initial Capital Cost(I) + Operating &Maintenance Costs (O&M)

¢
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Figure 10. Effect of water heating via EH on the productivity of solar stills at 6 cm water depth.
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Figure 11. Effect of water heating via EH on the productivity of solar stills at 3 cm water depth.

Comparison with previous works

In this section, the experimental results of maximum water productivity achieved in this study that
were obtained in the active solar still (CSS with CPs and EH) operated in 3 cm water depth (Exp. 6 in
Table 1), are compared with those reported in the literature. These results include the solar still with
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Table 3. Cost (I) of the constructed active solar still unit.

Item Description Cost (3)

Steel construction 133
Glass cover 40
Insulation and wood boards 72
Solar panel 36
Power inverter, battery, and controller 73
Circulation pumps 8
Electric heater 3
Supporting wheels and welding 32
otal cost (I) 397

AwWN =

—Ho~Nown

For estimating the BCR indicator of the present active solar still, the costs and benefits are estimated as
follows:

Cost (I): Table 3 lists the initial cost of individual items used to construct the active solar still unit
with a total cost (I) of 397. USD

Costs (O & M): It is assumed that the constructed active solar still unit has negligible operating and
maintenance costs.

Benefits (B): Based on the experimental results shown in Figure 11, that demonstrate a maximum
desalinated water yield of 4.2 Lday ™' was conducted in the active solar still (CSS with CPs and EH),
then the benefit from selling this desalinated water for 10 years (typical solar still lifetime (Sanserwal,
Singh, and Singh 2020)) will be

4.2 (Lday')x365(dayyear™')x10(year)x0.1057 ($L™") = $1620 )

Based on the costs and benefits estimated above, the BCR value for the constructed active solar
still is

1620

BCR= ——
397

=41 (3
Therefore, this estimated value of BCR indicates that the present active solar still unit is economically
feasible.

Summary and conclusions

The target of this paper is to introduce an improved design of a solar still desalination unit. To achieve
this target, an active solar still (CSS with CPs and EH) was constructed and integrated with a PV unit.
The generated electricity from the PV unit was utilized to power two CPs and one EH immersed in the
solar still basin. The CPs and EH were used to circulate and heat the water in the still basin so the solar
still water productivity increases. A parametric study was carried out to evaluate the importance of
varying the water depth, circulating, and heating the basin water on the solar still performance. The
experimental results of CSS, CSS with CPs, and CSS with CPs and EH were compared in 3 and 6 cm
water depths. The maximum conducted water yield was 4.2 Lday ™, obtained in the CSS with CPs and
EH at 3 cm water depth. Moreover, compared to CSS at 3 cm water depth, approximately a 20% and
24% increase in the water productivity were achieved in the CSS with CPs and CSS with CPs and EH,
respectively. A comparison of the experimental results with previously published data indicated that
considerable work should be performed in the future optimization of the presented solar still. Certain
modifications, such as integrating a parabolic trough for heating the water inlet and increasing the
number of circulation pumps in the still basin, can be implemented to further improve the water
productivity. Finally, a feasibility study was carried out to assess whether the constructed solar still is
feasible or not. This study illustrated that the proposed active solar still is economically feasible where
the estimated BCR is 4.1.
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Nomenclature

B Benefits, $

BCR  Benefit-cost ratio

CFD Computational fluid dynamics
CPs  Circulation pumps

CSS  Conventional solar still
EH  Electric heater

FAC Forced air cooling

FPC  Flat plate collector

I Initial capital cost, $

M Maintenance cost, $

(¢} Operating cost, $

PCM Phase change material
PLGB Packaged glass ball layer
PTC Parabolic trough collector
PV Photovoltaic

VRW Vertical rotating wick
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