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Organizers

* ASHRAE

ASHRAE founded in 1894, is a global society advancing human well-being through sustainable technology for
the built environment. The Society and its members focus on building systems, energy efficiency, indoor air
quality, refrigeration and sustainability within the industry. Through research, standards writing, publishing
and continuing education, ASHRAE shapes tomorrow’s built environment today. ASHRAE was formed as the
American Society of Heating, Refrigerating and Air-Conditioning Engineers by the mergerin 1959 of American
Society of Heating and Air-Conditioning Engineers (ASHAE) founded in 1894 and The American Society of
Refrigerating Engineers (ASRE) founded in 1904.

*  Munib and Angela Masri Institute of Energy and Natural Resources (MI) at AUB

MI provides a vehicle for promoting research and advanced study in the petroleum, water, and energy
disciplines, as well as a focal point for collaborative research among scientists, engineers, and
professionals in Lebanon and in the region at large. The institute serves as an interfaculty coordinating
unitin AUB and a catalyst for advanced research in the sciences and engineering for the management and
conservation of natural resources and energy.

* Department of Mechanical Engineering, AUB

The undergraduate program in Mechanical Engineering seeks to empower students to pursue successful
careers and to create a learning environment in which they can develop their creative and critical thinking,
their ability to grow into lifelong learners in the light of ever-increasing challenges of modern technology,
and their commitment to the ethical and professional responsibilities required in their calling at the global
level while focusing on the needs of Lebanon and the region.

e The Lebanese ASHRAE Chapter

The Lebanese ASHRAE Chapter is representing ASHRAE in Lebanon and serves the local industries in all
matters related to heating, refrigerating, air-conditioning as well as associated activities. The Lebanese
ASHRAE Chapter holds lectures and seminars on a regular basis on different HVAC topics, and topics
relevant to Lebanon and the region in order to contribute in the continuous training and education of the
local engineers, in addition to keeping the country up to international standards.



Showcase Sponsors

Best ideas in building efficiency demonstrated by major HVAC industry companies will take part at an exclusive
showcase that will be held on September 22 & 23, 2016 at the plaza between Olayan School of Business and Irani Oxy
Engineering Complex, AUB campus, Beirut, Lebanon. The following companies and organizations are sponsoring the

conference and contributing to the exhibition:

Gold Sponsors

AHRI

Camfil Middle East FZCO

Climatec

DAIKIN Air Conditioning

Dar Al-Handasah (Shair & partners)
Iklimlendirme Sanayi lhracatcilari Birligi, ISIB
Johnson Controls

Order of Engineers and Architects

Silver sponsor

Khatib and Alami

Honorary Participants

Lebanese Standards Institution-LIBNOR
National Ozone Unit- Lebanon
Lebanese Green Building Council

www.ahrinet.org
www.camfil.com
www.climatec.com
www.daikin.com
www.dar.com
www.ik.isib.gov.tr
www.johnsoncontrols.com
www.oea.org.lb

www.khatibalami.com

www.libnor.gov.lb
www.lb.undp.org
www.lebanon-gbc.org

Conference Sponsors and Showcase

The Executive Organizing Committee thanks the following gold and silver sponsors for their support of the 2016
International Conference on Efficient Building Design:

Gold Sponsors:
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http://www.ahrinet.org
http://www.camfil.com/
http://www.climatec.com
http://www.dar.com
http://www.ik.isib.gov.tr
http://www.johnsoncontrols.com
http://www.khatibalami.com/home.htm
http://www.libnor.gov.lb
http://www.lb.undp.org
http://www.lebanon-gbc.org

Committees

Organizing Committee
e Nesreen Ghaddar, Conference Chair, American University of Beirut
e Bassam Elassaad, ASHRAE Life Member and Past Regional Chair for Europe

e Saleh El Zein, Lebanese ASHRAE Chapter

Walid Chakroun, Vice President ASHRAE

Fadl Moukalled, American University of Beirut

e Kamel Ghali, American University of Beirut

e SamirTraboulsi, American University of Beirut, Faculty of Engineering & Architecture, WAAAUB Council & Alumni

Chapters Committee member

Scientific Committee

Nesreen Ghaddar, American University of Beirut, Chair

Samir Traboulsi, American University of Beirut, CEC Representative

Fadel Moukalled, American University of Beirut

Kamel Ghali, American University of Beirut

William Bahnfleth, the Pennsylvania State University

Mohamad Hosni, Kansas State University

Walid Chakroun, Kuwait University

Michel El-Hayek, Notre Dame University

Bassem Bakhache, Lebanese University

Support Staff
e Sandrine Assaad, American University of Beirut
e Abbas Toufeili, American University of Beirut
e Hind Hajjar, American University of Beirut

e Omar Kheir, American University of Beirut



Conference Venue and Maps

The Conference’s showcase will be held in the plaza between the Olayan School of Business and Irani Oxy
Engineering Complex. It will also include booths for the ASHRAE Local Chapter, the Order of Engineers and

Architects and AUB Alumni.

oth

Registration B

Irani Oxy
Engineering Complex

Schematic showing the organization of Exhibition Booths at the plaza between the Olayan School of Business and Irani Oxy Engineering Complex at AUB



Showcase Map
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The Second International Conference on Efficient Building Design will take place on the 22ndand 23rdof September, at
the American University of Beirut. The Opening Ceremony will be held in Maamari Auditorium; whereas the technical
sessions are distributed between Maamari Auditorium and Irani Oxy Engineering Complex. The Conference’s showcase
will be held in the plaza between the Olayan School of Business and the Irani Oxy Engineering Complex. However, the
industrial sessions will take place in Irani Oxy Engineering Complex.

Map of AUB campus: Olayan School of Business and Irani Oxy Engineering Complex are marked with a red star. The closest entrance to the conference for
pedestrians would be from the Main Gate on Bliss Street.
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Map showing Maamari Auditorium, Olayan School of Business
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Map showing Irani Oxy Engineering Complex



Hotel Venue

Crowne Plaza will be hosting our attendees for the Second International Conference on Efficient Building Design.

Located on Hamra Street in central Beirut, this exclusive upscale hotel offers rooms with a flat-screen TV, a heated
indoor pool, and a bowling alley.

The rooms at Crowne Plaza Beirut feature a modern interior. All rooms come with a minibar and a private bathroom
with bathrobes.

Guests can work out at the Fitness First, which features a gym with the latest equipment. As well as a 10-lane bowling
alley, the amusement center also offers a video arcade.

Local dishes and international cuisine are served in the restaurant, which features panoramic views over Beirut and
the Mediterranean Sea.

Crowne Plaza Beirut is a 7-minute walk to the American University of Beirut and 10-minute drive from Rafic Hariri
International Airport.

Forallinternational conference participants, transportation is provided from the Rafic Hariri International Airport to the
Crowne Plaza Hotel.
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Speakers Lounge

Speakers and chairs of technical sessions can meet in the speakers lounge (Bechtel CFR 536). If a presentation has
not been submitted online, the speaker is asked to drop by the speakers’ lounge to upload the presentation and have
it checked for commercialization.

Social Program

e Thursday, September 22, 2016; 8:30 PM
Gala Dinner
Bristol Hotel- Golden Room

The event facility at Le Bristol is state-of-the-art and highlights the allure of the
hotel as an ideal 21t Century venue. The favorite destination of visiting dignitaries,
Le Bristol is the prime location for national and international events.

Lunch will be catered by Socrate for both days of the conference
on the rooftop of Irani Oxy Engineering Complex.

e Lab Tours
Two lab tours at the Irani Mechanical Engineering Labs will take place on the first day of the conference,
Thursday September 22, 2016 at 12:45 PM and 4:00 PM. The meeting point will be in front of Bechtel.

e Cultural Tour: Jeita & Byblos
Date: Saturday, September 24, 2016
Time: 8:30 AM — 1:30 PM
Pick up Point: Crowne Plaza, Hamra

You can register in the one day tour at a special rate of $70 per person. Please don’t hesitate to contact our
registration desk before Friday September 23, 2016 at noon to reserve a seat in the guided tour.
The tour will also include lunch.



Planner

Personal Program - Plan Your Own Meeting Schedule

Thursday, September 22 Friday, September23
10:15am - 11:15am 9:45 am - 10:45 am
11:15am - 1:15 pm 10:45 pm - 1:15 pm

2:30 pm - 3:30 pm
2:30 pm - 3:30 pm

3:45 pm - 5:45 pm 3:45 pm - 5:45 pm

8:30 pm
Gala Dinner

Le Bristol Hotel - Golden Room

The event facility at Le Bristol is state-of-the-art and highlights

the allure of the hotel as an ideal 21st Century venue. The favorite
destination of visiting dignitaries, Le Bristol is the prime location for
national and international events



Notes

Registration

e Participants and speakers can pick up their registration package from the Crowne Plaza Hotel Lobby
upon checking in on Wednesday, September 21, 2016. Registration and pick up of registration package
will take place on the first day of the conference outside Maamari Auditorium, OLAYAN SCHOOL OF
BUSINESS from 7:00 am until 2:00 pm, and on the second day from 8:00 am till 12:00 pm.

e Online registration is open at the following link:
https://www.ashrae.org/membership--conferences/conferences/2016-

2nd-international-conference-efficient-building-design

e Onsite Registration outside Maamari Auditorium is also possible at the Registration Desk.
Internet Access

Internet access will be available for free in the hotel venue and on campus at the American University of Beirut.

Photo-Release

Photographswill be taken atthe International Conference for Efficient Building Design. By registering for this conference,
you agree to allow ASHRAE to use your photo in any publications orwebsite.


https://www.ashrae.org/membership--conferences/conferences/2016-2nd-international-conference-efficient-building-design
https://www.ashrae.org/membership--conferences/conferences/2016-2nd-international-conference-efficient-building-design

General Schedule

The Second International ASHRAE Conference and Showcase on Efficient Building Design on September 22&23, 2016
at the American University of Beirut

Thursday September 22, 2016
American University of Beirut, Lebanon

Olayan School of Business, Maamari Auditorium & Irani Oxy Engineering Complex

ASHRAE, the Lebanese ASHRAE Chapter, the Munib and Angela Masri Institute of Energy and Natural Resources and the
Department of Mechanical Engineering at AUB are honored to invite you to join its Opening Ceremony for the Second
International Conference and Showcase on Efficient Building Design on September 22 & 23, 2016 at AUB.

Conference Opening Ceremony [Olayan School of Business, Maamari Auditorium]
8:45 - 8:50 am Dr. Nesreen Ghaddar, Conference Chair

8:50 — 8:55 am Mr. Saleh EL Zein, Lebanese ASHRAE Chapter

8.55-9:00 am Dr. Walid Chakroun, Representing ASHRAE President

9:00 — 9:05 am Dr. Alan Shihadeh, Interim Dean of the Faculty of Engineering and Architecture, AUB
9:05-9:10 am Dr. Omar Masri, Masri Institute Advisory Council

9:10 - 9:15am Dr. Muhamad Harajli, Interim Provost, American University of Beirut

9:15-9:20 am Dr. Mouin Hamzé, Secretary General, National Council for Scientific Research

Showcase Opening Ceremony (Olayan School of Business & Irani Oxy Engineering Complex),

9:30 - 10:00am  “Cutting of the Ribbon” with a short tour of the exhibition

10:00 - 10:15am Coffee Break



Keynotes and their Biographies

Thursday September 22, 2016, 10:15 AM-11:15 AM

Building Energy Efficient Design, Construction, and Operation Tools

Mr. David Underwood, ASHRAE Presidential Member
Session Chair: Dr. Kamel Ghali, AUB

Room: Maamari Auditorium, Olayan School of Business

David Underwood, a Professor of Engineering, Fellow ASHRAE, Life Member, CPMP, and ASHRAE’s
president for 2015-2016, chaired the Society’s Board of Directors and Executive Committee.
Underwood was awarded a B.S. in Civil Engineering from the University of Manitoba. In 1975,
Underwood founded Isotherm Engineering Ltd., an HVAC&R design-build enterprise, which
continues to be operational. He also served on the Canadian Standards Association B52 committee
on Mechanical Refrigeration, the advisory committee that assisted the Ontario government in
developing refrigeration regulations for Ontario. He co-authored a trade refrigeration safety manual
and served on a trade advisory committee for the refrigeration trade in Ontario. As a member of a
Canadian Federal committee he participated in writing the Building Science and Plumbing section
of the 2015 edition of the Model National Building Code. He is an ASHRAE Distinguished Lecturer and a member
of Technical Committee 7.2, HVAC&R Construction & Design Build Technologies, and of the Building Performance
Alliance Ad Hoc Committee. Mr. Underwood is an ASHRAE Fellow and has received an Exceptional Service Award, a
Distinguished Service Award and the William J. Collins Research Promotion Award.

Thursday September 22, 2016, 14:30-15:30

The Role of Hybrid and Integrated Power Generation
in the Transition towards Clean Energy

Dr. Ahmed Ghoniem, PhD Ronald C. Crane (1972) Professor; Director, Center for Energy and Propulsion
Research; Director, Reacting Gas Dynamics Laboratory, MIT

Session Chair: Dr. Nesreen Ghaddar, AUB
Session Co-Chair: Dr. Issam Lakkis, AUB

Room: Maamari Auditorium, Olayan School of Business

. Dr. Ahmed F. Ghoniem is the Ronald C. Crane Professor of Mechanical Engineering, Director of

, the Center for Energy and Propulsion Research and the Reacting Gas Dynamics Laboratory. He
received his B.Sc. and M.Sc. degree from Cairo University, and Ph.D. at the University of California,
Berkeley. His research covers computational engineering, clean energy with focus on CO2 capture
technologies, renewable energy and alternative fuels. He made fundamental contributions to
multiscale simulations, thermochemistry and combustion, energy systems and materials. He

has supervised more than 100 M.Sc., Ph.D. and post-doctoral students, published more than

350 refereed articles in leading journals and conferences, lectured extensively around the World,
and consulted for the aerospace, automotive and energy industry. He served as head of the
thermo-fluid science division and energy science and engineering. He is Fellow of ASME and associate fellow of
AIAA. He received several awards including the KAUST Investigator Award, the ASME James Harry Potter Award
in Thermodynamics, and the AIAA Propellant and Combustion Award.




September 23, 2016, 8:30-9:30

Microscale Heat and Mass Exchange to Enable Compact Vapor Compression and
Absorption Heat Pumps

Dr. Srinivas Garimella, pn.o0., Hightower Chair in Engineering, Director of the Sustainable Thermal
Systems Laboratory, Georgia Institute of Technology, Georgia, USA

Session Chair: Dr. Fadl Moukalled, AUB

Room: Maamari Auditorium, Olayan School of Business

Dr. Srinivas Garimella received his M. S. and Ph.D. degrees from The Ohio State University. He has
held prior positions as Research Scientist at Battelle Memorial Institute, Senior Engineer at General
Motors Corp., and Associate Professor at Western Michigan University and lowa State University. He
is a Fellow of the American Society of Mechanical Engineers and Editor of the International Journal
of Air-conditioning and Refrigeration, Associate Editor of the ASME Journal of Energy Resources
Technology, Associate Editor of the ASHRAE HVAC&R Research Journal and Chair of the ASHRAE
Technical Committee on Absorption and Heat Operated Machines. He has mentored over 70 graduate
students, with his research resulting in over 225 archival journals and conference publications, 7
patents, a textbook on Heat Transfer and Fluid Flow in Mini-channels and Micro-channels, and a book
on Condensation Heat Transfer. He is the recipient of the NSF CAREER Award, the ASHRAE New Investigator Award, the
SAE Ralph E. Teetor Educational Award for Engineering Educators, was the lowa State University Miller Faculty Fellow, and
Woodruff Faculty Fellow at Georgia Tech. He received the ASME Award for Outstanding Research Contributions in the Field
of Two-Phase Flow and Condensation in Micro-channels, the Thomas French Distinguished Educator Achievement Award
from The Ohio State University, and the Zeigler Outstanding Educator Award at Georgia Tech.

September 23, 2016, 9:45-10:45

Indoor Environment — Health Comfort and Productivity

Dr. Biarne W. Olesen, ASHRAE President Elect, Professor, Intl. Centre for Indoor Environment and Energy,
Technical University of Denmark, Lyngby, Denmark

Session Chair: Dr. Nesreen Ghaddar, AUB

Room: Maamari Auditorium, Olayan School of Business

Dr. Bjarne Olesen received his M.S. in civil engineering, and PhD in Laboratory of Heating and Air
Conditioning from the Technical University of Denmark. He served as a research scientist at the
Laboratory of Heating and Air Conditioning, part time affiliate product manager at Briiel & Kjaer,
| seniorresearch scientist at the College of Architecture, Virginia Tech, head of research & development
. at UPONOR-VELTA GmbH KG & Co., Norderstedt, Germany, full professor and director of Indoor
Environment & Energy at the Technical University of Denmark. Dr. Olesen has been awarded the Ralph
Nevins Award, Distinguish Service Award, Fellow Award and Exceptional Service Award from ASHRAE,
the Medal of Honor from the German Engineering Society and was recognized as an International
Honorary Member of SHASE, the Society of Heating, Air-Conditioning and Sanitary Engineers of Japan,
President Elect of ASHRAE and Honorary member of AICARR (Italian Society for HVAC). Bjarne W. Olesen is active in several
ASHRAE-CEN-ISO-DIN standard committees regarding indoor environment and energy performance of buildings and HVAC
systems. He has published more than 350 papers and more than 60 in peer reviewed journals.




September 23, 2016, 14:30- 15:30

HFC phase-down under the Montreal Protocol — a unique opportunity
to increase the energy efficiency of air-conditioning

Dr. Cornelius RhEiI’I, PhD, Policy Officer for the European Commission, DG Climate Action, Unit A.2: Climate
Finance, Mainstreaming, Montreal Protocol

Session Chair: Dr. Samir Trabousli, AUB

Room: Maamari Auditorium, Olayan School of Business

Dr. Cornelius Rhein studied law in Germany and works for the European Commission since 2000.
Since 2007 Cornelius works on ozone-depleting substances and fluorinated greenhouse gases
and participates in the meetings of the Montreal Protocol. He was involved in the drafting and
negotiation of the EU Regulation on fluorinated greenhouse gases and follows now the negotiations
on a HFC phase-down under the Montreal Protocol.

Session Chair: Mohammad Hosni, PhD, Professor and the Frankenhoff Chair in Engineering, Director, University

Engineering Alliance , Department of Mechanical and Nuclear Engineering Kansas State University

Session Co- Chair: Dr. Andreas Christoforou, Kuwait University

Dr. Mohammad Hosni

Dr. Mohammad Hosni is a Professor of Mechanical and Director of the University Engineering
Alliance at Kansas State University. He joined the faculty in mechanical engineering at Kansas
State University in 1991 and in 1993 assumed a leadership role as the director of the Institute for
Environmental Research (IER), a multidisciplinary research center at Kansas State University, where
he was responsible for development of research programs in human thermal comfort and indoor
air quality. He served as the director of IER until 2001 when he was named department head of
mechanical and nuclear engineering (MNE). After serving eight years as the MNE department head,
he was appointed as the Director of the University Engineering Alliance in 2009.

Dr. Hosni served as the ASME Vice President for Education and currently is serving as a member of the Council on
Standards and Certification of ASME. He is also active at ASHRAE, serving on the Publishing and Education Council.
Dr. Hosni is the ABET Executive Committee member and Chair Training Committee.



ME Regional Chair Meeting

The ME regional chair meeting will take place in parallel with the 2" International Conference on Efficient Building
Design on September 22-23, 2016 at the American University of Beirut.

The meeting will discuss practices to increase cooperation among different departments in the region on issues related
to curricula and new developments in teaching pedagogy with assistive role of technology.

Location: Bechtel, CFR 435
Moderator: Mohammad Hosni

Discussion Topics:
e ASME Vision 2030, Ideas and action items to enhance Mechanical Engineering Education.

e |deas for curriculum reform, strategies to handle increased student enrollment in ME, and initiatives to consider
better prepared students for the global market.

e Changes and their assessment of ABET Criterion 3 on Student Learning Outcomes

e Collaboration mechanisms among ME Departments and role of professional societies and their local chapters.



Technical Sessions Thursday, September 22

10:15 AM - 11:15 AM Building Energy Efficient Design, Construction and Operation Tools
David Underwood; ASHRAE Presidential Member

Room: Maamari Auditorium

Facilitator: Dr. Kamel Ghali, AUB

11:15 AM - 13:15 PM Alternative Solutions for Energy

Savings in Buildings |

Room: Maamari Auditorium

Chair: Dr. Walid Chakroun, Kuwait University

Co-Chair: Dr. Mohamad Ramadan, Lebanese International University

1. Acoustic Solutions to Noise and Vibration Problems in Buildings with Mechanical Plant Rooms Adjacent
to Occupied Spaces
Mete Oguc1, Okan Sever, Member and Eren Kalafat, Member, Ulus Yapi, Istanbul, Turkey

2. Energy Savings of Windows with Shutters in Hot and Humid Climates
Albert Touma, Nesreen Ghaddar, Ph.D., Member and Kamel Aboughali, Ph.D., Member, American University
of Beirut, Beirut, Lebanon

3. Reducing Lebanon’s Energy Use By 30%
Charles Blaschke 1V, Associate Member, Taka Solutions, Dubai, United Arab Emirates

11:15 AM - 13:15 PM Energy Conservation Strategies

Room: Irani Oxy 225

Chair: Kamel Ghali, AUB

Co-Chair: Dr. Essam Khalil, Cairo University

Development of a Model for the Prediction of Indoor Climate to Enhance Design Tasks in Southern Climates
Ayman Bishara Sr., Dr. Ing., BEAP, BEMP and HBDP, Dr. Robert-Murjahn-Institute (RMI), Ober-Ramstadt, Germany
Re-Assessing the Numerous Proposed and Existing U-Values for Lebanon

Philip H. Saleh, University of Westminster, London, United Kingdom

Assessing Mixed Mode Cooling in Beirut for the Present and the Future

Jessica Daaboul, Kamel Ghali, Ph.D. and Nesreen Ghaddar, Ph.D., Member, American University of Beirut, Beirut, Lebanon


http://ashraem.confex.com/ashraem/ebd16/newreview/editreview.cgi?roleid=64926&reviewid=22336
http://ashraem.confex.com/ashraem/ebd16/newreview/editreview.cgi?roleid=64926&reviewid=21640

2:30 PM - 3:30 PM The Role of Hybrid and Integrated
Power Generation in the Transition towards Clean Energy

Dr. Ahmad Ghoniem; Ronald C. Crane (1972) Professor; Massachusetts Institute of Technology
Room: Maamari Auditorium

Chair: Dr. Nesreen Ghaddar, AUB

Co-Chair: Dr. Issam Lakkis, AUB

3:45 PM - 5:45 PM Energy Efficiency and Climate
Room: Maamari Auditorium
Chair: Dr. Srinivas Garimella, Georgia Tech

Co-Chair: Dr. Fadl Moukalled, AUB

1. Outdoor Air Conditioning of Sports Facility

Essam E. Khalil, Ph.D., Fellow ASHRAE, Mohamed Essam Ashmawy and Waleed Abdel-Maksoud, Ph.D., Cairo
University, Cairo, Egypt

2. Optimized Design of Outdoor Cooling Systems for Open Areas in Hot Climate
Adnan Akhdar and Youssef Ghoussoub, AlA, Dar Al-Handasah, Beirut, Lebanon
3. Effect of PCM Packet Mass and Melting Temperature on Cooling Vest Performance

Mariam Itani1, Djamel Ouahrani, Ph.D.2, Nesreen Ghaddar, Ph.D., Member1, Kamel Ghali, Ph.D.1 and Walid M.
Chakroun, Ph.D., Fellow ASHRAE3, (1)American University of Beirut, Beirut, Lebanon, (2)Qatar University, Doha,
Qatar, (3)Kuwait University, Kuwait, Kuwait

4. Energy Performance of Industrial Steel Buildings in Different Climates

Pascal Brinks, Dr.Ing., Lindab S.A., Research & Development, Diekirch, Luxembourg

3:45PM - 5:45 PM Alternative Solutions for Energy Savings in Buildings Il
Room: Irani Oxy 225

Chair: Mr. Bassam Elassaad,

Co-Chair: Mr. Saleh El Zein

Presentation Only Paper: A Novel Sorption Thermal Storage Cycle by Khoudor Keniar

1. Presentation Only Paper: Heating Water Using the Recovered Waste Heat from Boilers in HVAC Applications —
Thermal Modeling and Parametric Analysis by Mohamad Ramadan

2. Presentation Only Paper: Heating Fresh Air from Hot Exhaust Air of HVAC Systems by Mohamad Ramadan

3. Improving the Efficiency of Photovoltaic Panels through the Use of Phase Change Materials

Amin A. Wahab, P.E., Student Member, Fadl Moukalled, Ph.D. and Marwan Darwish, Ph.D., American University
of Beirut, Beirut, Lebanon



Technical Sessions Friday, September 23

8:30 AM - 9:30 AM Microscale Heat and Mass Exchange
to Enable Compact Vapor Compression and Absorption Heat Pumps

Dr. Srinivas Garimella; /patieff Professor of Catalytic Chemistry, Professor of Materials Science, and Professor of Applied
Physics at Northwestern University

Room: Maamari Auditorium

Chair: Dr. Fadl Moukalled, AUB

9:45 AM - 10:45 AM Indoor Environment - Health Comfort and Productivity

Dr. Bjarne W. Olesen, ASHRAE President-Elect, Head of International Centre for Indoor Environment and Energy,
Technical University of Denmark, Department of Civil Engineering

Room: Maamari Auditorium

Chair: Dr. Nesreen Ghaddar, AUB

10:45AM - 1:15 PM Indoor Air Quality
Room: Irani Oxy 225
Chair: Dr. Bjarne Olesen, Technical University of Denmark
Co-Chair: Dr. Nesreen Ghaddar, AUB
1. Improving Ventilation Effectiveness and Thermal Comfort Using Chair Fans to Aid Displacement Ventilation

Walid Mohamad Jamal Abou hweij1, Nesreen Ghaddar, Ph.D., Member2 and Kamel Ghali3, (1)Mechanical
Engineering Department, American University of Beirut, Saida, Lebanon, (2)American University of Beirut,
Beirut, Lebanon, (3)Mechanical Engineering Department, American University of Beirut, Beirut, Lebanon

2. Chair Fans or Desk Fans to Aid Performance of Ceiling Personalized Ventilation
for Reduced Disease Transmission Between Occupants

Carine Habchi, Ph.D. 1, Kamel Ghali2 and Nesreen Ghaddar, Ph.D., Member3, (1)American University of Beirut,
Beirut, Lebanon, (2)Mechanical Engineering Department, American University of Beirut, Beirut, Lebanon, (3)
American University of Beirut, Beirut, Lebanon

3. Feasibility in Using Natural Ventilation for Indoor Thermal Comfort
in Non-Residential Application in Warm Climate

Ghina Annan and Balsam Nehme, Dar Al Handasah (Shair and partners), Beirut, Lebanon
4. Study on Improving the Ventilation Rate through Aerosol Protective Clothing by Using Electrospun Nanofibers

Nagham Bilal Ismail, Kamel Ghali, Ph.D., Member and Nesreen Ghaddar, Ph.D., Member, American University
of Beirut, Beirut, Lebanon

5. Investigating the Performance of Ceiling Mounted Personalized Ventilation System
Assisted By Chair Fans: Assessment of Thermal Comfort and Indoor Air Quality

Bachir El Fil, Student Member, Nesreen Ghaddar, Ph.D., Member and Kamel Ghali, Ph.D., American University
of Beirut, Beirut, Lebanon



10:45 AM - 12:45 PM Alternative Solutions for Energy Savings in Buildings Ill

Room: Irani Oxy 217
Chair: Dr. Essam Khalil, Cairo University
Co-Chair: Dr. Mahmoud Khaled, Lebanese International University
1. Energy Efficient Building Design Optimization Using an Underground Thermal Labyrinth
Ghina Annan and Balsam Nehme, Dar Al Handasah (Shair and partners), Beirut, Lebanon
2. From Moderate Mediterranean Climate to Extreme Gulf Conditions

Ayoub Abu Dayyeh, Ph.D.1 and Heba Nazer2, (1)Chartered Green Buildings and Energy Efficiency Bureau,
Amman, Jordan, (2)Middle East University

3. Application of Multi-criteria Decision Methods for the Selection of Renewable Energy Sources: Lebanese Case Study

Georges El-Jamal, Fellow ASHRAE, Hussein Ibrahim, Ph.D., Fellow ASHRAE and Mazen Ghandour, Ph.D.,
Lebanese University, Beirut, Lebanon

4. Presentation Only Paper: New Concept of Power Generation from TEG Using the Exhaust Airflow of All-Air HVAC
Systems and Sun Irradiation by Mohamad Ramadan

2:30 PM - 3:30 PM HFC phase-down under the Montreal Protocol-a unique opportunity
to increase the energy efficiency of air-conditioning

Dr. Cornelius Rhein, Policy Officer, European Commission
Room: Maamari Auditorium

Chair: Dr. Samir Traboulsi, AUB

3:45 PM - 5:45 PM Modeling, Simulation, and Standards

Room: /rani Oxy 225
Chair: Dr. Fadl Moukalled, AUB
Co-Chair: Dr. Issam Lakkis, AUB
1. Validation of Key Performance Parameters for Low Carbon Buildings in the Hot Humid Climate of the Gulf
Yahya Al Shamsi, University of Bath, Bath, United Kingdom

2. The Numerical Design of a Micro Heat Exchanger Thermoelectrically
Cooled and Operating in the Continuum Regime

lyad Fayssal, Ph.D., Ahmad Ziadeh, Bader Makki, Hadi Farah, Mohammad Alameh and Fadl Moukalled, Ph.D.,
American University of Beirut, Beirut, Lebanon

3. The Performance of Solar-Wind Energy Towers Using Lagrangian-
Eulerian and Eulerian-Eulerian Multiphase Models

Lina Hijazi, P.E., lyad Fayssal, Ph.D., Marwan Darwish, Ph.D. and Fadl Moukalled, Ph.D., American University of
Beirut, Beirut, Lebanon

4, Comparative Study Using Openfoam®© and Fluent Solver of Smoke Propagation inside Occupied Spaces

Jad Hawi, P.E., lyad Fayssal, Ph.D., Marwan Darwish, Ph.D. and Fadl Moukalled, Ph.D., American University of
Beirut, Beirut, Lebanon



Industrial Sessions

3:45 PM - 5:30 PM
Room: Irani Oxy 217
Chair: Saleh El Zein

Co-Chair: Bassam Elassaad
1. State of the Art of National Environmental Standards
Shaza Soleiman, Civil Engineer, Libnor
2. Making the Right Choices- More Difficult Than Before

James K. Walters, Vice President of International Affairs with Air-Conditioning, Heating, and Refrigeration
Institute —AHRI

3. Refrigerants Update: ASHRAE- AUB Conference Beirut

Mr. Mutaz Yaghi, Senior Product Portfolio Manager, Al Salem Johnson Controls Lebanon

4. Lebanon Structure of the HCFCs Phase-out Management Plan for Compliance with
the Montreal Protocol Targets for Annex — C, Group — | Substances

Mazen Hussein, Head, National Ozone Unit
5. 1S016890 and Why ePM1 Rated Filters Should Replace F7

Chris Ecob, Global Technical Director, Camfil
6. Air Conditioning Technologies to Reduce Direct and Indirect Green House Gases Emissions

Michel Farah- Director of Corporate Environmental and Social Responsibility- Daikin Middle East & Africa
7. Research on Low-GWP Refrigerant Alternatives for High Ambient Temperature Areas

Bassam Elassaad, ASHRAE Life Member and Past Regional Chair for Europe

Abstracts

Keynote Lectures

Building Energy Efficient Design, Construction and Operation Tools
David Underwood, ASHRAE Presidential Member

ASHRAE design standards and efficiency guidelines with identified commissioning practices and tolls leading to
standards of care for proper maintenance and operation of energy efficient buildings

The Role of Hybrid and Integrated Power Production for the Transition towards Clean Energy
Ahmed F Ghoniem, Massachusetts Institute of Technology

With the growing concerns over global warming, and the international effort to curtail CO2 emissions culminating in
COP-21, the expansion of renewable power and fuel production technologies is likely to accelerate, side-by-side with
that of the fossil based, in order to meet the world growing demands. Integrating renewables with existing and new
fossil plants, and hybridization, have multiple benefits including the potential for higher efficiency and significant cost



saving. Most importantly, such integration eliminates the need for storage if wind or solar is used. Moreover, it enables the
co-production of electricity and fuels. | will discuss existing and novel approaches for hybrid power production, with focus
on new technologies incorporating water splitting and fuel reforming using membrane based or chemical looping reactors
that utilize solar energy. | will also review experimental measurements to identify candidate materials and to qualify their
chemistry and multiscale models (macro to nano) that capture the system, reactor and materials performance. Other
benefits of these “dual-use” technologies will be summarized, including their role in carbon capture, reuse and storage.

A Novel Sorption Thermal Storage Cycle
Khoudor Keniar, American University of Beirut

A new sorption-based thermal storage cycle is proposed. In this cycle, energy is stored chemically by separating the
constituents of highly non-ideal solutions, yielding much lower stand-by losses than in conventional approaches. The
cycle avoids limitations of previously proposed sorption-based storage cycles by replacing the evaporator and absorber
with a liquid-liquid mixer and a solution heat exchanger. A criterion based on a second law analysis is developed to
evaluate potential working fluids for the cycle. Different cycle configurations are analyzed. An enhanced combined
sorption and phase-change material (PCM) cycle is also investigated and compared with conventional thermal storage
systems. For long storage periods (e.g., ~6 months,) the combined cycle offers higher efficiencies (up to 14x) and lower
storage volumes (down to 0.08x,) than conventional thermal storage technologies.

Microscale Heat and Mass Exchange to Enable Compact Vapor Compression and
Absorption Heat Pumps

Srinivas Garimella, Georgia Institute of Technology

Starting in the late 1980s, air-conditioning systems, especially in the automotive climate control arena, underwent

a significant transformation from the use of conventional round-tube, flat-fin heat exchangers to multi-louver fin,
rectangular multi-port heat exchangers that resulted in a several fold decrease in component sizes. In many of these
cases, the art of the design and fabrication of such heat exchangers preceded a phenomenological understanding of the
underlying phase-change heat transfer phenomena. Since that time, a robust understanding of the flow mechanisms,
heat transfer and pressure drop during single-phase and phase-change flows in micro- and mini-channels has
emerged. This offers the opportunity to exploit the high heat transfer coefficients and high surface-to-volume ratios

of microchannel heat exchangers to benefit residential and commercial HVAC equipment. This is particularly timely,

in view of the pressures imposed by global climate change issues on the working fluids that are acceptable while also
delivering the required duties in compact packages. This talk will present an overview of the current understanding of
single- and multi-component phase-change heat and mass transfer phenomena in micro- and mini-channels. Examples
of their use in compact vapor compression and absorption heat pumps will be demonstrated. Such heat and mass
exchangers are enabling the development of compact thermal systems including those that harvest low-grade waste
heat for cooling and heat pumping. Such novel thermal systems are enabling sustainable energy utilization and
significantly reducing the carbon footprint of HVAC equipment.

Indoor Environment — Health Comfort and Productivity
Bjarne W. Olesen, ASHRAE President-Elect, Technical University of Denmark

People spend in industrialized countries more than 90 % of their lives in an artificial indoor environment (home,
transportation, work). This makes the indoor environment much more important for people health and comfort than

the outdoor environment. In typical office buildings the cost of people is a factor 100 higher than energy costs, which
make the performance of people at their work significantly more important than energy costs. The task is to optimize
indoor environmental conditions for health, comfort and performance while conserving energy, since more than one
third of current global energy consumption is used to maintain indoor environments. Detailed field investigations of the



indoor environment in hundreds of large office buildings in many parts of the world have documented that the indoor
environmental quality is typically rather mediocre, with many people dissatisfied and many suffering from sick-building
syndrome symptoms. Recent studies under laboratory conditions and in the field have shown a significant influence
of the indoor environment on people’s productivity. Also studies on people sick leaves show a very high loss of work
time and performance, which have significant economic consequences for companies. The paper presents an update
on today’s requirement for a healthy and comfortable environment. The paper will mainly be dealing with the indoor
thermal environment and air quality. Several standards and guidelines are specifying requirements related to comfort
and to health; but the productivity of people is not taken into account. Recent studies showing that comfortable room
temperatures, increased ventilation above normal recommendation, reduction of indoor pollution sources and more
effective ventilation increases the performance of people. The results indicate increase of productivity of 5-10%. Also
based on the laboratory studies a 10% increase in dissatisfaction decreases the productivity with around 1%.

HFC phase-down under the Montreal Protocol — a unique opportunity to increase the
energy efficiency of air-conditioning

Cornelius Rhein, Policy Officer, European Commission

The proposed amendments to the Montreal Protocol aim to phase-down production and consumption of HFC to reduce
emissions of these potent greenhouse gases and to prevent their further growth, thus helping to reach the objectives of
the UNFCCC Paris Agreement. When alternatives to HCFCs and HFCs are assessed regarding their suitability, the energy
efficiency is a determining criterion. Even though improved energy efficiency is not the primary objective, it is a positive
side effect that can save many tons CO2 eq.: Experience from previous conversions under the Montreal Protocol shows
that the redesign of equipment for using an alternative refrigerant is an opportunity to further optimize it, including its
efficiency. The HFC phase-down would also be the occasion to re-think general approaches, considering for example
the use of central ordistrict cooling replacing a large number of individual appliances, avoiding extremely inefficient
appliances, such as window units, and combining heating and cooling functions to make costs and energy savings. It is
important that we remove any existing barriers to the use of all efficient and climate-friendly alternatives, by applying a
technology-neutral approach in all relevant safety standards.

Cornelius Rhein will also inform on the state of the negotiations under the Montreal Protocol and share experiences with
the implementation of the HFC phase-down in the EU.

State of the Art National Environmental Performance Standards
Shaza Soleiman, Civil Engineer, LIBNOR

The presentation will explain the role of LIBNOR in elaborating Sustainable development standards, building capacity in
advanced topics as ISO 50001 “Energy Management System” and will introduce the institution role in the MENA STAR
project in its three pillars: Environment, water and energy. Finally it highlights the way forward at LIBNOR strategic levels.

Making the Right Choices — More Difficult Than Before
James K. Walters, Vice President of International Affairs with Air-Conditioning, Heating, and Refrigeration Institute, AHRI

Dealing with changes in industry practices to adequately deal with the challenges of two major drivers of industry practices
— climate change and energy efficiency — gives industry the chance to make good choices and continue its record of
providing innovative products. The issue is, however, what are the “good” choices? The answer is that “good” choices
are those that involve retaining certain basic principles of product development and operation that allows continued
innovation, being aware of public policy developments and educating policy makers, and moving quickly, but not hastily.



Refrigerants Update: ASHRAE - AUB Conference Beirut
Mutaz Yaghi, Senior Product Portfolio Manager, Al Salem Johnson Controls Lebanon

After the highly successful treaty of the Montreal Protocol resulted in the move away from Ozone depleting substances
(CFCs and HCFCs), today the world faces another environmentally driven transition and this time it is due to concerns
about Global warming. The quest to find suitable lower-GWP (Global Warming Potential) alternatives to high GWP
refrigerants continues, but faces many challenges. The HVAC industry is actively working in a major collaborative
undertaking led by AHRI to find good solutions for each application. Availability, safety, efficiency, cost and reliability of
current options are the key benchmarks and each refrigerant option has its challenges.

Lebanon Structure of the HCFCs Phase-out Management Plan for Compliance with the
Montreal Protocol Targets for Annex — C, Group — | Substances

Mazen Hussein, Head, National Ozone Unit

Hydrochlorofluorocarbons (HCFCs) are classified as controlled substances under Annex-C Group-I of the Montreal
Protocol and are subject to the adjusted control schedule for Article-5 countries; to freeze the consumption at baseline
levels from 2013 and reduction of 10% from baseline levels from 2015 towards the complete phase-out by 2030.

HCFCs are used in Lebanon in various industry sectors, such as Air Conditioning, Refrigeration, and Foams. The
predominant HCFC used is HCFC-22 mainly in the Refrigeration and Air Conditioning Sectors. HCFC consumption in
Lebanon increased from 413 metric tons in 2008 to 941 metric tons in 2014, indicating an average annual growth
rate of about 15%. The main reason for this growth is the sustained economic development and resulting increase in
demand for consumer, commercial and industrial products that use HCFCs.

In order to meet the reduction targets for the years 2020 and beyond, the industry, consumers and government will
need to make tremendous efforts. This will involve phasing out HCFC use in major manufacturing sectors as well as the
servicing sector and reducing dependence on HCFCs and controlling and reducing HCFC use wherever possible in the
servicing sector. The main constraints for transitioning from HCFCs to alternative environment-friendly substitutes is the
availability and technically proven and the limited time available forimplementing phase-out actions for compliance.
Extraordinary efforts will be needed to curb the momentum of inevitable growth in HCFC consumption in sectors,
mainly the Servicing Sector. Besides, this phase-out has to be achieved with minimum or zero phase-in of high GWP
substances such as HFCs/HFC blends and energy efficient solutions.

1IS016890 and Why ePM1 Rated Filters Should Replace F7
Chris Ecob, Global Technical Director, Camfil

Air pollution and poor air quality is the most severe environmental threat to human health. Outdoor pollution can be
concentrated inside buildings through mechanical ventilation. Humans are spending up to 90% of their time inside
buildings and as a consequence of these two facts, time inside can present a significant risk to human health.

Particulate matter (PM) in air is frequently reported in terms of 2 sizes ranges; PM2.5 and PM10. However it is the less
frequency reported and smaller size range PM1 that is most hazardous. This is because the very small particles are
able to pass the body’s natural defences and penetrate deep into the fine lung structure from where they can enter the
bloodstream and reach the major critical organs.

Air filters can significantly influence indoor air quality and the health of people. To enable the correct choice of filter
there is a demand for a global method of reliably testing and classifying air filters according to their particle removal
efficiencies. Current standards utilise different testing and classification methods, which do not allow results to be
compared. This is an obstacle to progress and global trade.



On 30 August 2016, ISO16890, a new global standard for classification or air filters was approved. This standard
requires that filter performance against PM1, PM2.5 and PM10 is measured and recorded. However a filter can only be
classified and labelled in a single category, i.e. PM1 or PM2.5 or PM10.

Specifiers, purchasers and users of air filters may understandably be confused by the new classification system. This
presentation will discuss the background to air pollution, the new filter classification standard and specifically why the
popular filter grade F7 (EN779) should be replaced by PM1 (1S016890) rated filters.

Air Conditioning Technologies to Reduce Direct and Indirect Green House Gases Emissions
Michel Farah, Director of Corporate Environmental and Social Responsibility, Daikin Middle East and Africa — Dubai, UAE

The COP21 members have committed to reduce their Green House Gas emissions by 30% by 2030 . In moderate and
high ambient temperature countries such as Lebanon, Air Conditioning represent a high percentage of the Building
sector carbon emissions. To reduce the Carbon footprint of AC systems we need to find solutions for both direct and
indirect CO2 emissions.

Research on Low-GWP Refrigerant Alternatives for High Ambient Temperature Areas

Bassam Elassaad, ASHRAE Life Member and Past Regional Chair for Europe, Consultant for UNEP-RTOC

Most of the research and development on alternative refrigerant performance and efficiency has traditionally been made
at the “standard ambient” of 35°C dry bulb temperature; even lower temperatures are used for some tests (e.g., under
Air-Conditioning, Heating, and Refrigeration Institute (AHRI) Standard 210/240). The performance of units at different
ambient temperatures would then be simulated or extrapolated. The results of three research projects testing refrigerant

alternatives used in specific equipment operating under high ambient temperature conditions were all made public
during the period late 2015/early 2016 with data and technical findings. The three projects are:

e “Promoting low GWP Refrigerants for Air-Conditioning Sectors in High-Ambient Temperature Countries” (PRAHA)
and “Egyptian Project for Refrigerant Alternatives” (EGYPRA);

e the Oak Ridge National Laboratory (ORNL) “High-Ambient-Temperature Evaluation Program for Low-Global Warming
Potential (Low-GWP) Refrigerants”, Phase | (and ongoing Phase Il); and

e The AHRI Low GWP Alternative Refrigerants Evaluation Program (AREP) Phase | (and ongoing Phase II).

This paper presents the findings from these three projects and the way forward



Technical Sessions

Acoustic Solutions to Noise and Vibration Problems in Buildings with Mechanical Plant
Rooms Adjacent to Occupied Spaces

Mete Oguc, Okan Sever, Member and Eren Kalafat, Member, Ulus Yapi, Istanbul, Turkey

An increase in population and limited land availability in modern cities means that concrete and steel frame high-rise
buildings are being constructed more than ever. These buildings are technologically advanced, offering occupants
comfortable environments, which is achieved by the use of building services installations. Mechanical rooms form
part of these services and with multi-storey buildings they are inevitably located on intermediate floors, close to
occupied areas. Noise and vibration generated from equipment and other installations in these rooms is emitted to
surrounding spaces in the form of airborne and structure borne noise. Installing the correct type of vibration isolation
can eliminate structure borne noise from machinery that is transmitted as impact sound and reduce the vibration to
acceptable limits. To overcome the air borne noise, floating systems can be implemented, which are based on creating
an air gap with a resilient surface. These floating systems are very effective in eliminating air borne noise by acting as
barriers, which can be installed on walls, floors and ceilings in any room that requires acoustical treatment. Since MEP
equipment and installations differin size and shape and have their own operating characteristics, acoustical treatment
and vibration isolation requires a technical and specialized approach. To achieve higher performance levels each piece
of equipment will need individual attention besides investigating the whole installation. A general strategy coupled
with key points for implementing acoustic insulation for mechanical spaces, are evaluated in this paper.

Development of a Model for the Prediction of Indoor Climate to Enhance Design Tasks
in Southern Climates

Ayman Bishara Sr., Dr.Ing., BEAP, BEMP and HBDP, Dr. Robert-Murjahn-Institute (RMI), Ober-Ramstadt, Germany

In planning practice for high performance buildings comparatively simple and reliable tools for the quantification of
indoor climate conditions (temperature and humidity) are rare, whereas established tools (e.g. TRNSYS, ENERGY PLUS)
are very comprehensive and require detailed user knowledge in operation. In the present paper, the development,
implementation, verification, and exemplary application of a new thermal-hygric model for solving building-climatic
challenging planning tasks is presented. The use of thermal insulation in buildings under hot climatic conditions, for
energy saving in summer, has been verified in southern climates and the implementation into a user-friendly software,
named CLIMT (Climate-Indoor-Moisture-Temperature) is shown. For the model calibration, a case study in Germany
was chosen, in which interior and exterior temperature and relative humidity values were measured. Even though the
building shows the peculiarity of an irregular user behavior, very good accordance between measured and calculated
values could be achieved. In a further step, the application of the developed program CLIMT is demonstrated by
means of a specific example: the hygrothermal optimization of a church building design, located in a hot humid
climatic zone (Latakia, Syria). As part of this design, several challenging boundary conditions had to be considered.
Besides specific building physical and building climatic requirements (high humidity and high temperatures), also
structural requirements had to be taken into account. Furthermore, the new church building had to assimilate with
the historically grown environment and the specific building typology traditions of the region. The optimized building
design, facilitating a damage-free operation and low building energy consumption, is presented in detail and essential
optimization steps are discussed. The represented model allows for a simplification of building climatic design, even
in challenging southern climate conditions, through the implementation of a user-friendly software and is therefore
particularly suitable for use in architectural planning offices.
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Re-Assessing the Numerous Proposed and Existing U-Values for Lebanon

Philip H. Saleh, University of Westminster, London, United Kingdom

Since 2005 numerous publications talked about the recommended U-values to be used in Lebanon in order to reduce
the buildings’ energy consumption for cooling and heating loads. Each of those publications proposed different
values. In the first part, the research is looking at those different values from the two editions of the Thermal Standard
for Buildings in Lebanon (2005 & 2010), the LCEC guidelines (2014), in addition to a comprehensible view of other
U-values from similar worldwide climates, some of which were used as a reference for the proposed local figures. In
the second part, EDSL TAS thermal software is used to test, in a first step, all the proposed U-values. In the second
step typical local construction materials and their relevant U-values are tested. This is done by using the available
Beirut airport, weather files (Metronome 7), onto the same base case of a full modeled building based on an existing
one. Furthermore the same internal heat gains from equipment with same schedule of usage, same occupant living
patterns, and similar window opening parameters are used and kept the same in all the simulations. For each case two
different orientations are tested a north-south and an east-west one. The research is comparing the overall yearly energy
consumption for mechanically heated and cooled buildings, as well as the total number of degree hours above comfort for
free running buildings, in order to assess which U-values will give the best results and hence should be used.

Energy Savings of Windows with Shutters in Hot and Humid Climates

Albert Touma1, Nesreen Ghaddar, Ph.D., Member1 and Kamel Ghali, Ph.D., Member1, American University of Beirut,
Beirut, Lebanon

Energy consumption has gained tremendous attention in the purpose of finding alternative reduction methods. One
of these methods is the installation of shutters on the external side of the windows to deteriorate the effect of outdoor
conditions. The aim of this paper is to assess the effect of shutter placement on windows in terms of energy savings
for different shutter positions in hot and humid climates such as in Saudi Arabia. An Energy-Plus simulation has been
conducted on a typical residential building abiding by the Saudi Arabian construction standards with Window-to-Wall
Ratio (WWR) of 13.5% to find its electrical energy consumption. The simulation has been validated with results from
literature. Upon the validation of the results, a case study of the same villa but with different WWRs was conducted to
extrapolate the usefulness of shutter placement into larger residential spaces for different shutter positions ranging
from fully-open to fully-deployed. Results have shown that 74.4% and 79.1% reductions in annual electrical energy
consumptions could be achieved forthe cases of 20% and 30% WWRs, respectively, when the shutter s fully-deployed.

Assessing Mixed Mode Cooling in Beirut for the Present and the Future

Jessica Daaboull, Kamel Ghali, Ph.D.1 and Nesreen Ghaddar, Ph.D., Member1, (1)American University of Beirut,
Beirut, Lebanon

With a warming climate and with the reliance on mechanical heating and cooling of buildings all year long, energy
consumption is expected to increase. This brings the need to identify and develop alternative passive methods to
maintain thermal comfort in buildings. Natural ventilation is a promising passive cooling technique that can be used
for a major part of the year in moderate climates in order to limit mechanical cooling strictly to the days of extreme
weather. The aim of this study is to assess the use of natural ventilation under mixed mode approach for office space
conditioningin the presentand the future under typical building construction practices to realize energy savings and be
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able to curtail energy increase for air conditioning with projected climate warming. Thus a design that minimizes energy
use is sought for mixed mode cooling while maintaining thermal comfort and workers productivity. Enhancements
to building envelope materials and construction practices are then evaluated for the optimized mixed mode cooling
design where the natural ventilation process is enhanced for usage in the moderate days and the mechanical cooling
consumption is maintained only in the days when natural ventilation is not applicable.

Projection of future weather data of Lebanon costal area was generated using the Hadely Center Coupled Climate
Model. An adaptive algorithm was also used to predict the workers behavior in opening and closing windows for
maximum thermal comfort. Thermal Comfort was achieved on two levels; occupants tended to open windows to
alleviate discomfort as a first priority step, and then tended to close these windows and turn on the heat pump when
the windows alone did not provide comfort. Once the algorithm was set, enhancements on the building practices and
envelope materials were suggested for a climate responsive building with lower energy consumption for the present
and the future. The typical building was simulated using IES-VE and was found to consume 52 MWh when mixed mode
cooling was included, versus 77 MWh in the actual case when the heat pump was on all year long. The simulated
percentage of days peryear when natural ventilation was used was 55% in the present and 40% in the future. The best
construction practice with the most energy saving potential was the use of double skin facade on the south east facade
and the use of double masonry wall with insulation instead of the typical single wall configuration.

Reducing Lebanon’s Energy Use By 30%

Charles Blaschke IV, Associate Member, Taka Solutions, Dubai, United Arab Emirates

Insight and live case studies to show performance and actual uses in the field, along with an outline on how energy
performance contracting, technology and engineering are being applied in the UAE to help the country retrofit 30,000
buildings by 2020 and reduce the countrywide power demand by 30% over the period. Lebanon can reap large energy
capacity, generation, distribution and cost savings by implementing policy with targeted goals and enforcement. Taka
solutions’ mission is to reduce the world’s energy consumption by 30%.

Insight into how energy modeling and technology is being used for a variety of energy efficiency, performance
contracting and energy management projects to help the energy consumption and demand of the building sector to be
reduced by up to 50% shared savings retrofit models that require no capital cost to the owner.

Itwill offeran opportunityto see howbuildinginformationishelpingto streamlineworkduring planning, implementation,
documentation and operation of Energy Performance Contracting, commissioning and energy management projects.
This includes energy modeling and analysis, visualization, energy reporting, measurement and verification through
BIM, while organizing building data of existing buildings. A brief discussion about how building data from existing
buildings (drawings, O&M manuals, maintenance logs) can be organized using BIM to better suit Facilities Managers,
Owners and operators of buildings.

Outdoor Air Conditioning of Sports Facility

Essam E. Khalil, Ph.D., Fellow ASHRAE1, Mohamed Essam Ashmawy1 and Waleed Abdel-Maksoud, Ph.D.1, (1) Cairo
University, Cairo, Egypt

In the current study, research on developing air conditioning systems by employing several kinds of technologies
to cool the outdoor spaces such as public parks, the holy places and stadiums. The most serious challenge of air
conditioning in outdoor spaces is difficult to control the temperature and humidity in the open spaces and also the
enormous energy needed by the cooling system. The main task for the analyzed model was to ensure the better method
to distribute air to achieve the human comfortable for players and spectators inside the stadium and this study was
to investigate the technical and economic aspects of cooling outdoor spaces such as stadium in Qatar. The technical
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aspect was addressed by developing an empirical mathematical model for the performance of stadium model. The
result of the study concludes that the system designed in Qatar stadium for conditioning and distribution air and
evaluates results by using Computational Fluid Dynamics CFD code to determine the best way to distribute the air
inlets and simulating the flows in air to overcome the high temperature and humidity to reach the human comfortable.

Optimized Design of Outdoor Cooling Systems for OPEN Areas in Hot Climate

Adnan Akhdar1 and Youssef Ghoussoub, AlA1, (1) Dar Al-Handasah, Beirut, Lebanon

The upper concourse is an external area with relatively high occupant density at the east side of Khalifa International
Stadium which will host Qatar 2022 FIFA World Cup. Tempering or ‘soft conditioning’ this area, which is necessary to
prevent spectators from experiencing a thermal shock as they enter or exit the cooled bleachers, proved to be a very
challenging task, further exacerbated by the severe weather conditions typical for Doha, with ambient temperatures
often reaching 47°C in summer.

A detailed Computational Fluid Dynamics (CFD) study has been conducted to investigate and optimize an effective
tempering strategy to alleviate hot air wind effects and establish an adequate thermal environment in the open upper-
concourse in Khalifa Stadium with the least energy expenditure. Specifically, the CFD study tests different cooling design
options by conducting a detailed investigation of airflow delivery and temperature distribution in the open space while
considering external weather parameters such as temperature, humidity and wind speed and detailed internal heat
sources such as body heat from occupancy, solar radiation, and heat gains from lighting and equipment. Several design
parameters have been considered such as providing shades to protect from solar loads and winds, optimizing the supply
air flow rate, speed and temperature of the evaporative coolers, choosing the best air distribution layout and accounting
for actual heat loads. The thermal comfort range was defined based on the procedure outlined in Appendix F of ASHRAE
55-2010 which consists of calculating the SET (Standard Effective Temperature) thermal comfort index.

A hybrid system consisting of a radiant floor cooling with displacement ventilation at low level, combined with a
continuous tent cover with limited shades to maintain views for the spectators, proved to be a solid foundation for
guarantying savings in energy costs while establishing adequate environmental conditions in the upper concourse.

Presentation Only Paper: New Concept of Power Generation from TEG Using the
Exhaust Airflow of All-Air HVAC Systems and Sun Irradiation by Mohamad Ramadan

The present work proposes a new design for electric power generation using a thermoelectric power generator (TEG).
It recovers waste energy of the HVAC condenser and reuses the exhaust air flow for thermo-electric power generation.
The air of the condenseris considered as heat source, whereas the exhaust air flow is utilized as cooler. The advantage
of this concept is that it allows recovering waste energy of HVAC systems to produce green energy through TEG. To
proceed, a mathematical model is first developed and a parametric analysis is then conducted to evaluate the power
generated with the new concept when the air velocity of the exhaust airflow and that of the condenser vary. It is shown
that for a space cooling load of 100 kW, a 40x40 cm2 flat plate is capable to generate 90 W of electrical power.
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Effect of PCM Packet Mass and Melting Temperature on Cooling Vest Performance

Mariam Itani1, Djamel Ouahrani, Ph.D.2, Nesreen Ghaddar, Ph.D., Member1, Kamel Ghali, Ph.D.1 and Walid M.
Chakroun, Ph.D., Fellow ASHRAE3, (1)American University of Beirut, Beirut, Lebanon, (2)Qatar University, Doha,

Qatar, (3)Kuwait University, Kuwait, Kuwait

Workers in hot environment experience high heat stresses that affect their productivity and working intervals. A cooling
vest containing phase change material packets (PCMs) is used as a passive body cooling method to remove body heat
for a relatively long duration. The aim of this work is to improve the design of the PCM-vest making its weight lighter
without jeopardizing the duration of its applicability and taking into consideration the existence of more sensitive
trunk regions to cooling comfort.

The study uses a validated transient mathematical model of heat and mass transfer through clothing layers containing
PCM packets (fabric-PCM model) and integrated with a segmental bio-heat model to perform a parametric study on
the effect of the location of PCM packets and their mass on trunk skin temperature and heat loss. The bio-heat model
divides the torso into upper and lower segments with eight skin sectors to allow the incorporation of non-uniformity in
skin temperature of torso as an interacting boundary for the PCM-vest.

A parametric study is performed to investigate the effect of the mass of the PCM packets, PCM melting temperature,
the location of these packets and their distribution on the upper and lower torso segments. The cooling duration of the
cooling vest and cooling rate are determined and a number of recommendations are developed on best combination
of PCM location and mass as well as melting temperature for maintaining lowest trunk skin temperature for the longest
period in given environmental conditions and activity level. It is found that a lower melting temperature is favored when
fast cooling is needed. Moreover, the mass of the PCM affect the total duration of melting as well as placing more PCM
packets on the upper torso while reducing them on the lower one.

Energy Performance of Industrial Steel Buildings in Different Climates

Pascal Brinks, Dr.Ing. Lindab S.A., Research & Development, Diekirch, Luxembourg

The origin of the industrial steel building industry is in the US and Europe. Here large industrial steel halls have a long
tradition and the building design was adapted to the climate in these western regions. With an increasing industrial
development of other regions, their demand forindustrial buildings increased in the last years. Such emerging markets
are often located in very different climates, which should be respected better by the building designers. However,
little knowledge in energy efficient building design and missing building regulations in many emerging markets cause the
opposite. Industrial steel buildings are often imported by European or American suppliers without any climate adaptation.
This leads to a non-optimal energy performance and discomfort in the buildings. In practice such drawback is often
compensated by oversized HVAC systems, causing high investments and energy costs and an increase in carbon emissions.

For a better assessment of the most important climate sensitive building parameters extensive building energy
simulations were carried out. Such simulations covered the air infiltration using an air flow network model, ground
interaction by linking the building simulation to a transient finite difference model of the ground and solar optimization
of windows and sky lights. To gain input data for the simulation of air infiltration, first extensive measurements of the
leakages in typical industrial buildings were carried out. For this purpose an air tightness test stand was build and
moreover fan pressurization tests in whole buildings were executed.

The assessment was carried out for hot climates such as North Africa, for cold regions such as different locations in
Russia and for climates with hot summers and cold winters such as Turkey. The simulation results were compared to
the energy performance in the origin climates (Central Europe).

The outcomes of this study are concepts for improving the energy performance of industrial steel buildings exported
to different countries, which still have a lack of experience and regulations for energy efficient building design. In



addition a focus was on design aspects for damage free building constructions regarding building physics. As the
climate has a huge impact on the humidity transport in building components this aspect was also crucial to consider
for the design of optimized building components.

Improving the Efficiency of Photovoltaic Panels through the Use of Phase Change
Materials

Amin A. Wahab, P.E., Student Member1, Fadl Moukalled, Ph.D.1 and Marwan Darwish, Ph.D.1, (1)American
University of Beirut, Beirut, Lebanon

Enhancing the efficiency of renewable energy technologies has been the focus of numerous research projects in the last
decades. One such area of interest has been improving the efficiency of photovoltaic (PV) panels. While PV panels use
the most abundant and sustainable energy sources in the planet, they have quite a low efficiency in terms of energy
conversion. Partly this low efficiency is due to the increase in surface temperature that occurs during the operation of PV
panels. Asmallnumberof proven techniques have been developed to decrease the surface temperature. These techniques
fall into two groups denoted by active cooling techniques and passive cooling techniques, respectively. Active cooling
methods include forced ventilation or hydraulic cooling that requires maintenance and additional costs. On the other
hand, the passive cooling methods include natural ventilation, and phase change (PCM) materials. This latter technique
has shown promises in harnessing the nocturnal cooling effect with its inherent latent energy storage capacity. The aim of
this project is to develop a rigorous numerical approach for the application of PCM to the passive cooling of PV panels. To
this end, numerical models that simulate PV/PCM system are developed using “ANSYS Fluent” and “OpenFOAM” software
packages. The validation of these models is currently in progress against experimental data obtained from the literature;
consequently, optimum configurations that allow for largest decrease in PV surface temperature will be evaluated.

Improving Ventilation Effectiveness and Thermal Comfort Using Chair Fans to Aid
Displacement Ventilation

Walid Mohamad Jamal Abou hweij1, Nesreen Ghaddar, Ph.D., Member2 and Kamel Ghali3, (1)Mechanical
Engineering Department, American University of Beirut, Saida, Lebanon, (2)American University of Beirut, Beirut,
Lebanon, (3)Mechanical Engineering Department, American University of Beirut, Beirut, Lebanon

The aim of this work is to determine the optimal mounting height of chair fans (CF) to aid displacement ventilation system
(DV) in providing thermal comfort (TC) and good indoor air quality (IAQ) for an office occupant at lower energy consumption.

An office space was modeled using commercial computational fluid dynamics CFD software. The CFD model was
coupled to a segmental bio-heat model to predict simulated manikin skin temperatures which are used for evaluation of
local and overall thermal comfort of simulated occupant. In addition, the CFD model predicted the IAQ by evaluating the
ventilation effectiveness based on concentration fields of CO2 at the breathing zone of occupant. The CFD model results
were validated by experiments in a DV-conditioned room using thermal manikin seated on chair equipped with fans
mounted on the sides of the chair. Moreover, a fan mechanism was designed to provide vertical movement of fans. Atracer
gas CO2 was used as a source of contaminant in the room. Measurements of manikin segmental skin temperature and
ventilation effectiveness based on CO2 concentration fields in the breathing zone of the manikin were compared with the
CFD model results. The predicted segmental skin temperature and ventilation effectiveness were in excellent agreement
with those determined from experimental data. The validated model showed an increase in ventilation effectiveness as
the fans were set to low elevations and low segmental skin temperatures as the fans were set to higher elevations. It was
concluded that the location of chair-fans had a great impact on occupant comfort and breathing quality.
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From Moderate Mediterranean Climate to Extreme Gulf Conditions

Ayoub Abu Dayyeh, Ph.D.1 and Heba Nazer2, (1)Chartered Green Buildings and Energy Efficiency Bureau, Amman,
Jordan, (2)Middle East University

This paper will attempt to answer two main questions following a brief introduction of the Kamaliyya Residence;
being a sustainable building of zero-carbon emission and an important element in the overall green economy. Hence
attempting to explicate the socio-economic and eco-centric needs for that project which was designed and constructed
during the years 2007/2008, as well as to uncover the motives behind the project; reflecting on the energy crisis during
that particular period, the rising green energy technology availability, the scarcity of capital after the 2008 economic
crisis and the overall escalating local environmental concerns.

The first question raised would be how the Kamaliyya Residence was built in a green and sustainable manner. Discussing
orientation of structure with respect to the south, passive architectural design, thermal insulation techniques, and
innovative solutions applied to reduce air infiltration, introduction of solar thermal hollow circular tube technology
application, photo-voltaic panels for electricity production, grey water management, as well as rainwater harvesting
techniques. The second question deals with how the design can be improved for future implications on other similar
projects? The author will consider re-evaluating the design concept and discussing the possibility of increasing the
efficiency of the different techniques used and developed in the pastyears and hence offer revised experiential reflections
based on the previous five years that have passed monitoring the residence and living in it. Thereafter, examining the
basic principles of shifting the design criteria from moderate climate conditions of the Eastern Mediterranean to extreme
conditions, particularly that of the Gulf Region. This can hopefully be done through passive design, improving thermal
conditions, orientation of elevations, flexibility of single facade units and energy management. Finally, a conclusion
would attempt discussing the implications of our findings on similar real-life situations, in critique of the eclectic trend of
architecture predominant in the region, suggesting issues that require further research.

Chair Fans or Desk Fans to Aid Performance of Ceiling Personalized Ventilation for
Reduced Disease Transmission between Occupants

Carine Habchi, Ph.D.1, Kamel Ghali 2 and Nesreen Ghaddar, Ph.D., Member3, (1)American University of Beirut,
Beirut, Lebanon, (2)Mechanical Engineering Department, American University of Beirut, Beirut, Lebanon, (3)
American University of Beirut, Beirut, Lebanon

Over recent years, the occupancy density in offices has been increasing due to urban and energy efficiency needs which
challenged maintaining good indoor air quality (IAQ). Higher occupancy density increases the possibility of disease
transmission. Cross-contamination can take place via particle spread in the space inhaled by exposed occupants or
deposit on surfaces at their vicinity being susceptible to re-suspension by human contact.

The ventilation configuration plays a major role in particle distribution. Therefore, a proper design of the ventilation
system should be selected in crowded office spaces to insure acceptable IAQ. Localized ventilation consists of providing
each occupant locally with its comfort and breathable air quality needs. Ceiling personalized ventilation (CPV) is a recent
type of localized ventilation compromising between ease of integration, and reduction of the energy consumption. By
proper control of the airflow interactions in the human body microclimate, the breathable air quality can be largely
improved. This control is possible by the introduction of fans at the proximity of the occupant assisting the CPV system
which suppress the rising occupant thermal plumes and improve the CPV performance.

In this work, the performance of CPV was investigated when aided with i) desk fans and ii) chair mounted fans. The CPV
with desk and chair fans were compared in terms of reducing disease transmission between occupants. A validated
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computational fluid dynamics (CFD) was used to simulate the flow and concentration fields in a two-station office space.
A parametric study was conducted to assess the effect of the fan type, fan flow rate, and distance between occupants on
the probability of cross-contamination. The ventilation configuration was optimized for reduced cross-infection between
occupants with efficient use of the space. Chairfans ensured better performance in terms of reducing disease transmission
between occupants compared to desk fans. The optimal chair fan flow rate per occupant was found to be10 L/s.

Application of Multi-criteria Decision Methods for the Selection of Renewable Energy
Sources: Lebanese Case Study

Georges EL-Jamal, Fellow ASHRAE1, Hussein Ibrahim, Ph.D., Fellow ASHRAE2 and Mazen Ghandour, Ph.D.2, (1)
Lebanese university, Beirut, Lebanon, (2) Lebanese University, Beirut, Lebanon

Energy is a major problem that disturbs the world. Every year the cost of energy increases in an enormous way, and the
day were using fossil energy; the big engine which fills out life on earth, will breakdowns, because of limited resource
in earth, so replacing this kind of energy with another cheapest, Harmless and eternal become a strategic question.
Sustainability, Renewable energy, energy efficiency...etc; have earned lot of importance and have been a significant
issue for the policy of decision makers. Renewable energy has started to replace the fossil energy alternatives. So
selection of renewable energy type for industrial or residential applications becomes a question should be solved.
Often a variety of criteria can be applied to identify the suitability of technologies, whereas no ideal family of criteria
has been defined in the literature. Hence, decision support for energy planning and management is required. In
general, evaluating energy systems is a complex analysis that can be defined as a multi-dimensional space of
different indicators and objectives. The use of multi-criteria decision analysis (MCDA) techniques provides a reliable
methodology to rank alternative renewable energy resources, technologies and projects in the presence of different
objectives and limitations, Preference Ranking Organization Method for Enrichment Evaluation (PROMETHEE). and
Analytic Hierarchy Process (AHP).are two widely methods used to take the appropriate decision to select the best
solution, the above Two methods are used in the Lebanese context case study in order to determine the priority of one
type a renewable energy (wind, hydraulic, solar, geothermal, etc.) over the others and rank the different used types
by using many criteria like cost, environment, operational, efficiency,...etc. The purpose of using of two methods is to
confirm the results achieved.

Feasibility in Using Natural Ventilation for Indoor Thermal Comfort in Non-Residential
Application in Warm Climate

Ghina Annan1 and Balsam Nehme1, (1) Dar Al Handasah (Shair and partners), Beirut, Lebanon

Due to large cooling energy demands for buildings located in warm climates and in line with international principles
of energy efficiency for non-residential building design, the implementation and optimization of a natural ventilation
strategy can assist in minimizing cooling and fan energy annual consumption.

The objective of this study is to demonstrate that significant savings in energy consumption can be achieved by further
reducing the need for mechanical ventilation and relying on the usage of external windows and skylight openings to
cool the building spaces by means of natural ventilation with compromising the occupants’ thermal comfort. The study
focuses on the benefits of using the outdoor climate to condition non-residential buildings based on the building
facade, structure and orientation as well as the existing occupancy, lighting and equipment load profiles within
building spaces while taking several factors into consideration.

An energy efficient, naturally ventilated building, is proven to provide the required levels of thermal comfort and
acceptable indoor air quality if designed under specific seasonal conditions for external dry bulb temperatures, relative
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humidity and available wind speed and directions. The feasibility study allows for a wider range of temperature and humidity
levels within occupied spaces as it proves that occupants of such naturally ventilated areas are often more tolerant of
fluctuations in the indoor climate. Accordingly, and since the study would legitimately allow for resetting the thermal comfort
range for higher set points for temperature and relative humidity, it will thus result in reduced annual energy consumption.

The study focuses on three distinct scenarios for natural ventilation; it assesses the impact of single-sided ventilation
(Scenario 1), cross ventilation (Scenario 2) and stack ventilation (Scenario 3) based on CIBSE design guide for “Natural
Ventilation in Non-domestic Buildings”.

The facades’ opening areas enabling natural ventilation during adequate comfortable external climatic conditions
are optimized through calculations onto a typical non-residential application in Algeria’s warm climate in an effort to
advise the building’s architectural and structural schemes of any potential possible modification through an integrated
design process. This allows for optimal design of building natural ventilation and ensures improvements in thermal
comfort and air quality for larger periods of time and most importantly guarantees managing a building with lower
energy consumption.

Energy Efficient Building Design Optimization Using an Underground Thermal
Labyrinth

Ghina Annan1 and Balsam Nehme1, (1)Dar Al Handasah (Shair and partners), Beirut, Lebanon

The purpose of this study is to investigate energy savings achieved in the construction sector by means of an underground
thermal labyrinth. Commonly, energy reduction is oriented towards using standard energy conservation measures for an
existing HVAC system; however, passive cooling also represents highly effective means for energy consumption reduction.

In specific, a thermal labyrinth ventilation system, using geothermal heat, preheats and/or precools ventilation
outdoor air by heat exchange with ground, using underground labyrinth-shaped concrete structures as intake channels
and benefiting from the cooler summer and warmer winter soil temperatures below ground surface.

The efficiency and feasibility of such a thermal labyrinth ventilation system, is investigated in Algeria for a total of 309
m2 area at basement level located at 7.3 m depth below ground. A volume flow of 37,000 |/s of outdoor air is taken in
through an opening at ground level; then passes through a concrete duct known as an earth tube and finally reaches
the constructed labyrinth. A virtual illustration of the model is investigated by means of modeling software entitled
Integrated Environmental Solutions, IES- VE, version 2014.

The thermal labyrinth system under study makes use of an available seismic support base for building concrete walls
by providing channels for air conduit. By heat transfer with respect to cooler/ warmer soil temperature at a depth
ranging between -5.8 m and -7.3 m below ground, the outside air is expected to lose heat during summer season and
gain additional heat during winter season thus saving on building’s energy consumption.

Results of the analysis show that the annual average outdoor air temperature at peak winter conditions is increased by
approximately 2¢2C while outdoor air temperature is further decreased by almost 3¢2C in the peak summer season. As
such, the total annual energy savings related to fresh air load is estimated at around 2.65 %.

Thermal labyrinths have been applied in many energy efficient buildings such as a sports stadium in Qatar where earth
tubes were analyzed and proved to assist in cooling the outdoor air by 2-3 ¢2C in summer season. Earth tubes with fins
were also considered for cooling outdoor air in a transit station in Saudi Arabia. Similarly, international applications were
considered such as the Municipal Theater in Heilbornn, Germany and the federation square in Melbourne, Australia.
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Study on Improving the Ventilation Rate through Aerosol Protective Clothing by Using
Electrospun Nanofibers

Nagham Bilal Ismaill, Kamel Ghali, Ph.D., Member1 and Nesreen Ghaddar, Ph.D., Member2, (1)American University
of Beirut, Beirut, Lebanon, (2)American University of Beirut, Beirut, Lebanon

Overrecentyears, researchers seek to prevent the thermal discomfort of aerosol protective clothing wearer by providing
sufficient ventilation accompanied with high filtration rate. This is achieved by using electrospun nanofibers deposited
on a nonwoven substrate. The reason is that electrospun nanoweb provides high surface area and very small weight
while keeping an acceptable air penetration and ventilation rates.

The ventilation phenomenon through clothing plays an essential role in bringing the thermal comfort of the aerosol
protective clothing wearer. Therefore, it is important to investigate the ventilation rate provided by protective clothing
fabricated with electrospun nanofiber and study the effect of different parameters in improving it. Several studies
investigated experimentally the air permeability of different nanofiber mats of high filtration. However, analytical
approach that relates the processing parameters of the fabrication of electrospun nanofiber with the associated
ventilation rates and filtration efficiency is missed.

In this study, an analytical model derived from integrating different published models is developed to predict the
final characteristics of the nanoweb as function of the electrospinning parameters. The model allows relating the
final characteristics of the produced nanoweb (filtration efficiency, air permeability, ventilation rates) to different
dimensionless numbers (electric Peclet number, Deborah number, Reynolds number) of the electrospinning operation.
This is followed by a comparison between the ventilation through conventional and the nanofiber-based protective
clothing and in presence of external wind.

Presentation Only Paper: New Concept of Power Generation from TEG Using the Exhaust
Airflow of All-Air HVAC Systems and Sun Irradiation by Mohamad Ramadan

A method of applying energy management is through the recovery of waste heat, which is freely available in various
applications starting from industries and reaching home appliances. Excellent approaches in the direct conversion of
waste heat energy into electrical power lie within thermoelectric power generation. A Thermoelectric Power Generator
(TEG) is a solid state device that provides direct energy conversion from thermal energy into electrical energy due to a
temperature gradient based on “Seebeck effect”.

On the other hand, Heating, Ventilating and Air Conditioning HVAC systems have passed from being luxury to being
an essential need for people and thus involve many energy components, which need to be more and more managed.

In this context, the present work suggests a new design that permits to couple the two energy domains described
above: Power generation from TEG and HVAC. In particular, the design uses the exhaust airflow of All-Air HVAC systems
to cool one surface of a TEG. The other surface corresponds to one face of a cubic container of water facing the sun. This
permits to induce a temperature gradient across the thickness of the TEG and generate power. To proceed, the one-
dimensional steady-state solution of the heat diffusion equation is considered with convective boundary conditions at
the two TEG surfaces. A parametric analysis is then conducted to evaluate the power generated with the new concept
when the air velocity of the exhaust flow and the sun irradiation vary.

It was shown that temperature differences up to 100 0C could be reached across the TEG module.
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Investigating the Performance of Ceiling Mounted Personalized Ventilation System
Assisted By Chair Fans: Assessment of Thermal Comfort and Indoor Air Quality

Bachir EL Fil, Student Member1, Nesreen Ghaddar, Ph.D., Member1 and Kamel Ghali, Ph.D.1, (1) American University
of Beirut, Beirut, Lebanon

This study investigates the performance of ceiling mounted personalized ventilation (PV) system when assisted with
chair-mounted fans. A detailed 3D CFD model was developed to study the effect of the chair fans on the velocity,
temperature, and carbon dioxide concentration fields. CFD simulations were performed to evaluate indoor air quality
and thermal comfort. The CFD model was integrated with a bioheat model to determine the corresponding segmental
skin temperature and local and overall comfort and sensation. The CFD model was validated experimentally using
a thermal manikin in a climatic chamber. Segmental skin temperature, velocity field, and CO2 field were validated
experimentally. The predicted values and the measured values showed good agreement.

The validated CFD model was used to study the effect of the height of chair-fan and the fan flow rate indoor air quality and
thermal comfort. Three heights were considered and four fan flow rates were studied at each height. Moreover, this paper
investigates the potential energy savings, when installing the proposed system. The results showed that there was an
enhancement in thermal comfort by more than 2.2 times the thermal comfort achieved when no fans were implemented.
On the other hand, ventilation effectiveness reached up to almost 24 % when fans were implemented. The use of chair
mounted fans permitted achieving energy savings up to 17% when compared with conventional mixing ventilation system.

Validation of Key Performance Parameters for Low Carbon Buildings in the Hot Humid
Climate of the Gulf

Yahya Al Shamsi, University of Bath, Bath, United Kingdom

All Gulf Cooperation Council (GCC) countries are listed in the top 20 countries for energy consumption and CO2
emissions per capita per annum. In the past few decades, numerous residential projects constructed in the region
have led to more energy need for the residential sector. In addition, the growing rate of urbanization and changes in life
patterns caused huge domestic energy consumption. In Oman, during the period from 2012 to 2018 peak electricity
demand is expected to grow at 8% peryear compared to the global average rate of 2.5%. This rapidly increase in energy
consumption has highlighted the need for energy solutions to overcome the excessive consumption of energy. Since
the residential sector consumes 48% of the total electricity in Oman, the main source of energy, reducing domestic
energy use will have the potential to overall reduce the country’s energy consumption. The aim of this research is to
experimentally evaluate the key elements and criteria defined in Low Carbon Building (LCB) best suited to the economic,
climatic and social constraints in the hot humid climate of Oman which can be implemented in the future residential
sector. Forthe purpose of this research, an exemplar reference LCB building represents the best existing state of the art
low carbon building available in the country, selected alongside with samples of conventional buildings located within
15 km from reference building. LCB energy consumption measured by acquisition system records the energy use of 5
main home tasks: lighting, Home electronics, air conditioning (HVAC), hot water and wash machine; whereas energy
consumption for the same tasks in conventional building calculated by energy audit. Building energy consumption
patterns and performances were monitored and calculated. Based on the data collected, the domestic building energy
consumption and energy performance index (EPI) for residential buildings are calculated. Then the energy saving and
CO2 emissions reduction that can be achieved by implementing LCB features on a modelled conventional building are
evaluated using IES virtual environment software.
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The Numerical Design of a Micro Heat Exchanger Thermoelectrically Cooled and
Operating in the Continuum Regime

lyad Fayssal, Ph.D.1, Ahmad Ziadeh1, Bader Makki1, Hadi Farah1, Mohammad Alameh1 and Fadl Moukalled, Ph.D.1,
(1) American University of Beirut, Beirut, Lebanon

Small scale heat exchangers constituted of low hydraulic diameter micro-channels are regarded as future promising
devices to be adopted extensively in cooling applications due to their high convection coefficients and lower pumping
power demands. However, the mathematical modeling of such devices remains challenging due mostly to the nature
of the flow regime in the micro-channel. The aim of this research is to build a computational-based strategy that will
aid manufacturers in designing small scale heat exchangers guaranteeing their operation in the continuum regime. A
3D numerical model of a thermoelectric cooled micro heat exchanger was constructed consisting of a thermoelectric
plate (23mm x 23mm) mounted on the top of 92 staggered rectangular PDMS micro-channels (150pm x150um)
separated by 100pm thickness PDMS fins. In order to induce the thermoelectric cooling effect, a lumped mathematical
model is implemented as a boundary condition to the energy equation relating the heat flux at the cold surface of the
thermoelectric to the temperature difference of its cold and hot sides. This boundary condition is implicitly specified
with the boundary temperatures being outcomes of the solution. A generic C code is developed and coupled with fluent
solver for serial and parallel computations to iteratively resolve the cold heat flux at the boundary. A conjugate heat
transfer problem is formulated with the finite volume method adopted to solve the set of governing mass, momentum,
and energy equations in the fluid zone (air) and energy in the solid zones (PDMS plate and fins). A design map relating
the inlet air temperature, outlet pressure, and Reynolds number is generated via an integrated low computational
cost methodology. The method starts by imposing a fixed pressure at the outlet sections of the domain. A uniform
velocity profile with arbitrary temperature is supplied at the inlet section of the heat exchanger. The hydrodynamic
and thermal fields and axial distribution of Knudsen number (Kn) are then predicted in the interior domain. Different
profiles in Knudsen number variation are observed depending on the simulated operating conditions. According to
the spatial distribution of Knudsen number, the model parameters are updated for cases when the flow regime falls
outside the continuum. Various CFD simulations are performed for different pressure and Reynolds numbervalues. The
constructed map identifies regions of allowable range of parameters that could be varied with certain limits to achieve
continuum regime in the micro heat exchanger.

The Performance of Solar-Wind Energy Towers Using Lagrangian-Eulerian and Eulerian-
Eulerian Multiphase Models

Lina Hijazi, P.E.1, lyad Fayssal, Ph.D.1, Marwan Darwish, Ph.D.1 and Fadl Moukalled, Ph.D.1, (1) American University
of Beirut, Beirut, Lebanon

State of the art computational fluid dynamics (CFD) techniques have become indispensable for understanding physical
phenomena, and for modeling and optimizing the performance of engineering devices involving fluid flow and heat
and mass transfer mechanisms. Solar wind energy towers have been recently regarded as a bold new approach to the
United States and other nations for their ability to provide clean and sustainable energy, overcoming the burdens of
alternative energy sources. An energy tower is a tall tower, at least 600 m high, located in a hot and dry region whereby
cool water sprayed at top will evaporate and create a downdraft. The produced high velocity airflow will drive turbines at
the bottom of the tower and generate electricity. A 3D numerical model of a prospected tower is constructed to study the
impact of different operating parameters including spray droplet diameter, spray flow rate, and ambient conditions on
the performance of the tower. Two multiphase techniques are adopted for simulating droplet transport and evaporation;
the first is a Lagrangian-Eulerian method while the other is a Eulerian-Eulerian approach. The model is first validated
with published measured data extracted from a small scale PDEC experimental test facility of the European project PDEC/
JOULE 95. A discrete phase modelis used to represent the Lagrangian-Eulerian framework, whereas an Euler model, under
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the umbrella of multiphase model, is used to represent the Eulerian-Eulerian framework. Due to the detailed modeling
of the current physical domain and required number of numerical trials, extensive simulations are ongoing using high
performance computing. Results showing the effects of several parameters will be reported in the full manuscript.

Comparative Study Using Openfoam®© and Fluent Solver of Smoke Propagation inside
Occupied Spaces

Jad Hawi, P.E.1, lyad Fayssal, Ph.D.1, Marwan Darwish, Ph.D.1 and Fadl Moukalled, Ph.D.1, (1)American University
of Beirut, Beirut, Lebanon

Smoke composed of toxic gases is considered the most dangerous aspect in case of fire in occupied buildings; thus, it
is essential to design an effective ventilation system capable of creating a suitable environment for people to evacuate.
The decision criteria of a proper ventilation system for a certain engineering application requires prior understanding
of the transport physical phenomena associated with smoke propagation inside closed buildings and its thermal and
hydrodynamic interactions with surrounding environment. The aim of this study is to build and implement a 3D based
computational code in an open source platform (OpenFOAM®), providing fire protection engineers with an effective,
free, and customizable open source tool to simulate and analyze smoke propagation in occupied spaces. The finite
volume method is used to numerically mimic the existence of fire via a modified energy and smoke concentration
equations. A source term resembling the time-dependent power of fire is implemented in a pre-existing modified
energy equation. Further, to account for the transport of smoke, a concentration equation governing the temporal,
convection, diffusion, and mass generation variations of smoke is numerically implemented and coupled to the
OpenFOAM® solver. Similarly, the fluent solver is coupled to a developed C code to account for the existence of fire. To
validate the implemented model in OpenFOAM®, simulations are conducted on a test case (1mx1mx1m) topologically
decomposed into 244,776 cells. The heat release and smoke generation rate due to fire are triggered via an integrated
source termin each of the energy and species equations using the t-squared method in the growth region. Temporal and
spatial variations of velocity magnitude, temperature, smoke concentration, visibility, and smoke and heat exposure
will be presented and analyzed in terms of contours and spatial profiles. Results predicted via the developed open
source code and the well-known fluent solver are in good agreement.

Presentation Only Paper: Heating Fresh Air from Hot Exhaust Air of HVAC Systems by
Mohamad Ramadan

The actual world tendency is towards the reduction of fuel consumption and carbon dioxide emission . This is
mainly accomplished nowadays by using renewable energy and energy management systems. Particularly, heat
(energy recovery) is one of the main axes in the energy management development. There are many applications
of heat recovery such as internal combustion engines, chimneys, shower water and Heating Ventilating and
Air Conditioning HVAC. In this context the present project suggests a parametric analysis of a heat recovery
systems applied to HVAC domain, particularly an all-air system. All air HVAC system has acquired this name
in HVAC since temperature and humidity are controlled by supplying only air to the conditioned space. In
this system, the supply fan provides the cold / hot air to the conditioned space, the return fan take out the indoor
air. In residential uses, around 70 to 807G of this air will be mixed with outdoor fresh air for healthy issues in the air
conditioning unit (ACU) then this air will return to the supply and the remaining 20 to 307G will be exhausted to the
outdoor. The exhausted air will enter a heat exchanger at the same time as the fresh air to be entered to the ACU.
The exhaust air from the conditioned space will passin a condenser placed inside a duct by a return fan at the same time as
the fresh airenterthe duct by a fan and heat transfer takes place between fresh airand air passing through the condenser.

Tests were performed for conditions simulating the HVAC operation in cold climates. An air conditioning
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unit of 5.3 kW was used in the prototype. It was shown that powers up to 300 W can be economized and
for low air flow rates of around 0.1 kg/s and 0.005 kg/s for respectively the duct and the condenser flows.
Extrapolation calculations for higher air flow rates show that economized powers can exceed 1 kW.

It was shown also that both the performance and the efficiency of the heat recovery system proposed increase
with both the condenser and the duct flow rates.
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