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HELLENIC CHAPTER PRESIDENT WELCOMES YOU
T

ime is relative and 20 years may seem either massive, or
nothing, depending on the perspective. However, they are certainly
a significant amount of Years for the History of an ASHRAE chapter.
Hence, this year the ASHRAE HELLENIC CHAPTER TURNS 20! And I
have the honor and opportunity to be the First Chapter President
opening a new Era for the upcoming next 20 years sharing my
Vision towards a versatile variety of experts.
What is of great importance and the same time challenging though,
is the fact that these 20 years were full of creativity and inspiration
and now more than ever has to continue towards the same Horizon.
Many events, lots of initiatives, strong lobbing and support to
the technical community were some of the achievements. All
these efforts and collaborations have been transformed to need
of Operating through our new Region, Region XIV which serves
Engineers across Europe and are along represented by 9 Chapters.
And what is a better way to celebrate Hellenic chapter’s 20-year
anniversary, than to host the 3rd Region XIV CRC in Athens along
with Annual Conferences Energy in Buildings and Energy in
Transportation?
Consequently, I would like to welcome you, on behalf of the Hellenic
Chapter, to Athens during 26-29 September 2019 to celebrate all
these outstanding events and to discuss how to further contribute
towards the new challenge of ASHRAE‘s strategic plan 2019-2024
(www.ashrae.org/about/strategic-plan).
Resilient Buildings and Communities and Indoor Environment Quality
are necessity in our time and goals that ASHRAE ought to aim at, and
through Organizational Streamlining and Improvement of Chapter
Engagement, Capacity and Support these goals will be achieved.
ASHRAE’S leading role in the field of build environment unquestionably
positions our society in the frontline of the “fight” for improving our
environment. It is our exceptional responsibility to put all our forces
reaching our vision. And to do so the first step is to consider the
strategic plan not as a responsibility of the Society in general, but of
our region, our chapter, ourselves.

GIORGOS PANTELIDIS
PRESIDENT
ASHRAE HELLENIC CHAPTER

All these can be achieved through networking, involvement,
engagement and sharing of knowledge, nonetheless it is more
efficient to accomplish these targets along a pleasing environment
among friends and colleagues. The Hellenic Chapter’s board,
members, students and volunteers will do their best to make that
happen.
Enjoy your stay, enjoy the conferences, enjoy ASHRAE!

Giorgos Pantelidis
Sponsors:
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WILO BRINGS THE FUTURE.
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Your new partner is the most flexible pump: the Wilo-Stratos MAXO is
the perfect fit for any application and ensures optimal system efficiency thanks to its intelligent control mode. Furthermore, the pump can
be integrated into all relevant systems due to diverse interfaces. And
with optimised and innovative energy-saving features the Wilo-Stratos
MAXO meets the changing requirements superbly. No other pump on the
market offers you more efficiency, connectivity and convenience. This is
how already today we are making your life easier with the innovations of
tomorrow.
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*We understand a smart-pump as a new category of pumps, which goes far beyond our high-efficiency pumps or pumps with pump intelligence. Only the combination of the latest sensor technology and innovative control functions (e.g. Dynamic Adapt plus and Multi-Flow Adaptation), bidirectional connectivity (e.g. Bluetooth, integrated analogue inputs, binary inputs and outputs, Wilo Net interface), software updates and excellent
usability (e.g. thanks to the Setup Guide, the preview principle for predictive navigation and the tried and tested Green Button Technology) make this pump a smart-pump.

REGION XIV DRC WELCOMES YOU
It is my great pleasure and an honor to welcome you in

my home town – Athens, and to the 3rd annual European
Chapters Regional Conference (CRC 2019) that is hosted by
the Hellenic Chapter. The CRC will provide you an opportunity
to network with professionals and renowned specialists in
their fields of interest from around Europe and other parts
of the world, meet Darryl Boyce, Society President, William
Dean, Society Vice President and Steve Comstock, Manager
of Business Development EMEA from our European office
in Brussels, interact with the regional leaders, participate
in several meetings for membership engagement, chapter
training, organizational meetings form the heart of ASHRAE
volunteer service, learn how you can actively participate in
ASHRAE technical and standing committees, engage in a great
technical program, attend the parallel expo, and of course
enjoy great fellowship and social activities.

Thanks to the efforts and dedication of our ASHRAE members
and the support of our Society leadership, the European
ASHRAE family is about 2,000 members strong. A special
welcome to the new Israeli Chapter that recently joined
Region XIV and the other eight Chapters: Hellenic (Athens,
Greece), Danube (Timisoara, Romania), Portugal (Lisbon,
Portugal), Spain (Madrid, Spain), Cyprus (Nicosia, Cyprus),
Ireland (Dublin, Ireland), UK Midlands (Loughborough,
Leicestershire, England), UK London and South-East Chapter
(London, England), along with the three Sections in Scotland,
UK North and Northern Hellas, and the twenty one active
Student Branches.
Congratulations on the 20th anniversary of the Hellenic
Chapter, the first ASHRAE Chapter that was chartered in Europe
back in 1999. The Hellenic Chapter leadership and the CRC
2019 Host Committee have put in a tremendous effort to make
this regional conference a great success. Special thanks are
due to Dimitris Charalambopoulos, CRC 2019 General Chair,
the Hellenic Chapter volunteers and the numerous sponsors.
To all members, colleagues, and regional leaders, a huge
thank you for your time, dedication, passion and great work
YOU do for ASHRAE. With your continued support Region XIV
and the Society will continue to flourish and grow.
ASHRAE celebrates the 125th anniversary of its founding during
the 2019-2020 Society year. With more than 57,000 members
from over 130 nations, ASHRAE is a global organization that
serves humanity by advancing the arts and sciences of heating,
ventilation, air conditioning, refrigeration and their allied
fields. We are also very excited about the launch of ASHRAE’s
new strategic plan that will guide the work of the Society
during the next five years (https://www.ashrae.org/about/
strategic-plan) for a healthy and sustainable built environment
for all. Some key actions where you can get involved include:

6

COSTAS BALARAS, PHD FASHRAE
DIRECTOR & REGIONAL CHAIR
ASHRAE REGION XIV

• Promote best practices that enable adaptability, resilience
and recovery of buildings and communities related to the
challenges of the design and construction process;
• Accelerate thought leadership and understanding of indoor
environmental quality and its implications for occupants’
health and wellness;
• Streamline the organization’s internal governance to adapt
to regional differences and allocate valued time and resources
to the most impactful pursuits;
• Evaluate and improve methods to better engage chapters,
regions and the members they serve in an integrated way.

YOU can make the difference.
Engage - Share Knowledge & Experiences - Have Fun
and enjoy the CRC !

Costas Balaras

Public Pool

Private Pool

DATA Centers

Package AHU

EVENT GENERAL CHAIR WELCOMES YOU
I am standing on the shoulders of giants.

My odyssey began many years ago, in an earlier life now almost
forgotten. It started, when I joined ASHRAE then an inexperienced
engineer, seeking to avail myself of its wealth of knowledge and
expertise.

Building
an Ecosystem
for the up-scaling
of lightweight multi-functional
concrete and ceramic materials and structures

My travels with the Society have taken me to many unknown
places scientifically, geographically and socially. They have
provided satisfaction and frustration in equal measures. Their toll
was paid in full, but then what adventures come without a price.
At every new or revisited destination, there were new challenges to
be tackled, doors to be opened, new experiences to be savoured.
Here at home, I have watched, what started with a handful of
people and now an ever increasing number, a newly formed
chapter becoming organized and energized into a mainstay of
scientific knowledge and expertise in this corner of the world.
I have watched a new ASHRAE region being formed. One that
covered almost half the world extending from Northern Europe
all the way to Sri Lanka, and serving over 2 billion people. Out of
this region, a second was born claiming its rightful scientific and
social place. It has the energy and impatience of the young and
the experience of 4.000 years of history. I have watched so many
professionals visit both regions and their comprising chapters in
order to share their knowledge.

DIMITRIS CHARALAMBOPOULOS
ASHRAE HELLENIC CHAPTER
CRC 2019 GENERAL CHAIR
EINB AND EINT CONFERENCE GENERAL CHAIR
REGION MEMBERS COUNCIL REPRESENTATIVE

I have watched so many committees being formed, engineers
buzzing around them like bees concentrating on the job at hand.
I know they, as I, have lain awake more nights than we can recall
delaying paid professional work to complete volunteer work.

and strange different cultures are continuously discovered and,
most importantly, fertile ground is provided for new friendships to
be formed out of the blue.

It’s also true that I have stayed awake even more nights in the
good company of my colleagues, whenever and wherever
we met to, and circumstances demanded to, hmm! hmm!, to
discuss innovative ideas and new programs. Others may call it
brainstorming, I call it having a good time with side benefits. And
good times indeed we had.
The hard work of my colleagues has provided me with
opportunities to be credited with glory that was rightfully theirs.
Truth be told, it is the collective effort of many volunteers that
secures a good end result. I want to thank them all, and as much
as I would like to mention them all here, there is no time or space
enough to recognize them as they deserve. My humble apologies
go to all of them, for in cheating them from their laurels I have
pushed them beyond plastic deformation and to my amazement,
unexplainably, they have returned back to their initial shape,
better I claim. For the life of me I still do not understand how they
tolerated me.
ASHRAE involvement has provided to countless engineers and
others, insight and understanding into not only where technology
was, but to where it is being driven. New attitudes, needs, thinking
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In ASHRAE, I have found there is no upper or lower age restricting
one’s participation, in this wonderful journey, nor is there a
requirement to be “strictly” an engineer in order to benefit from
all the rewards it has to offer, or to grasp all the opportunities it
provides.
Would I recommend all professionals join and be an active part of
ASHRAE? If after all that I have said you expect an answer, “welcome
to the club”, you might have not realized it yet but you are already
here.

Budget: € 13.5M

Signing off, I hope that you will enjoy our third European CRC and
our 20th Hellenic Chapter anniversary celebrations with the two
parallel International Conferences and all the exciting social events.
Now, if you excuse me, I must go back to my place in the trireme
and continue rowing for my journey is but half way there.

Duration: 4 years

2 6 partners
9 European Countries

Let the good times roll!!!

Dimitris Charalambopoulos

This research project has received funding from the European
Community’s H2020 Programme, under grant agreement
Nr.
814632.
Funding
scheme:
H2020-NMBP-HUBS-2018.

www.lightcoce-oitb.eu

HELLENIC CHAPTER
T

he Hellenic Chapters was approved in June 1999 by the ASHRAE
Board of Directors during the Annual Conference in Seattle, WA,
USA. It is headquartered in Athens, Greece and covers the entire
country. The Chapter installation ceremony was held in Athens, on
March 16, 2000 by Bill Goodman, ASHRAE President, and attended
by Carolyn Kettering, Director of Member Services; Prof. Branko
Todorovic, past DAL and other dignitaries including Prof. D. Agoris,
Board of TEE and Prof. D. Kouremenos, National Society of Mech.
Eng. The ASHRAE Hellenic Chapter is a nationally registered nonprofit organization in Greece, since 2003.
Among the initial activities was the participation of two
representatives of the steering committee (Costas Balaras and
Costas Theofylaktos) who attended the Region XIII CRC in Hong
Kong, during August 1999, which paved the way for the formation
of the Region-At-Large (RAL). The Hellenic Chapter was the first
European Chapter in RAL and hosted the 4th RAL Annual Regional
Conference in Athens on 25-27 September, 2005. Fourteen years
latter and celebrating its 20th anniversary, the Hellenic Chapter is
hosting the 3rd Region XIV CRC in Athens on September 25-29,
2019.
The Chapter has been growing strong over the years. The first chapter
organizational meeting was held back in 1999 and was attended
by a stunning number of four members: Costas Balaras, Dimitris
Charalambopoulos, John Papagrigorakis and Tasos Nikolaidis. Ever
since, the chapter meetings and events are increasing in quantity
and the topics are evolving in quality and variety, with attendance
averaging around 250 participants; all events are free of charge
to the participants and they are open to ASHRAE members,
professionals from all interested disciplines and students. Over the
years the Chapter’s membership has been maintained solid ∼200
members.
The Chapter maintains a technical library with Society publications
that is open to its members, including ASHRAE Standards and
Guidelines, Handbooks, periodicals, other technical resources,
and software The Chapter plays a significant role in continuous
education and training of engineers from all related disciplines and
supports professional from the HVAC and the building construction
sectors. Over the past 20 years, the Hellenic Chapter has organized
a series of international conferences, technical seminars and
technical tours, engaging engineers and relevant stakeholders, and
has established closed collaborations with the national professional
societies and public bodies.
The Hellenic Chapter has a strategic partnership agreement with
a Memorandum of Understanding (MoU) with the Hellenic Navy
since 2012, which was renewed in 2018. In addition, the Hellenic
Chapter had a close collaboration with the Hellenic Ministry of
Energy and Climate Change (YPEKA) and the Technical Chamber of
Greece (TEE) on the development of the Hellenic regulation on the
energy performance of buildings.
Since 2012, the Hellenic Chapter organizes the annual International

BANNERS FROM CHAPTER EVENTS

Conference “ENERGY in BUILDINGS - EinB” in collaboration with
the Technical Chamber of Greece (TEE). Distinguished speakers
from around the world (including the US, UK, Switzerland, Austria,
Germany, Belgium, Cyprus, Egypt, Serbia, Singapore, Greece)
present the latest technological developmentsto an audience of
∼450 engineers and scientists,. Most of them were webcasted
live and watched all over the world. Videos are also archived and
available on demand at www.ashrae.gr
Another notable activity is that since 2012, the Chapter started
conducting ASHRAE Certification Exams (BEAP, BEMP, CPMP,
HBDP, HFDP and OPMP) in Athens, and many of its members have
already been certified. The Hellenic Chapter publishes an electronic
Newsletter that is circulated to over 3,500 recipients, and maintains
a vibrant website (www.ashrae.gr) that includes archives of all past
events (e.g. power point presentations, videos), promotes the new
Chapter activities and its sponsors. Over the years, several members
of the Hellenic Chapter have served on Regional and Society
positions including: Costas Balaras (Region XIV DRC 2017-20,
ASHRAE VP 2011-13, DAL 2007-10, RAL SubRegion Chair 2002-06);
Dimitris Charalambopoulos (Region XIV RMCR & Treasurer 2017-20,
RAL MP RVC 2011-14), Ioanna Deligkiozi (Region XIV Nominating
2017-20, RAL YEA Coordinator 2015-17), Alkis Triantafyllopoulos
(Region XIV Historian), Nikos Giannitsanos (Region XIV Webmaster
2017-20).

When buildings
become true assets,
that’s ingenuity for life.
Buildings account for 41 % of the world’s energy use and are
amongst the most expensive assets for most organizations.
Our full suite of performance and advisory services, underpinned
by deep operational know-how, deliver actionable energy and
efficiency transparency – and turn buildings into high performing
assets that operate more economically, reliably and sustainably.

siemens.com/buildingtechnologies
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HELLENIC CHAPTER

ATTEDANCE AT A HELLENIC CHAPTER EVENT

Apart from the industry the Chapter has built strong ties also with
Universities and Research Institutes and this is demonstrated by
the creation of three Student Branches spread out across Greece:
in Kozani, Chalkida and Athens, and supports the ASHRAE Section
in North Hellas.
All these activities can be followed through the Chapter’s strong
presence on social media (Twitter, Facebook, LinkedIn and YouTube).
Objectives/milestones of ASHRAE Hellenic Chapter
• Organisation of five Technical Seminars every year, usually
attracting an audience of 200-300 participants. Each event includes
a vibrant list of 2-4 speakers/topics, followed by a social dinner after
each event.
• Organisation of the annual Conference “ENERGY in BUILDINGS EinB” in Athens.
• Organisation of the annual Conference “ENERGY in
TRANSPORTATION - EinT” in Athens.
• Organisation of the annual Conference “ENERGY in BUILDINGS –
EinB NORTHERN HELLAS” in Thessaloniki.
• Organisation of Technical Tours.
• Organisation of several ASHRAE Certification Exams in Athens,
since 2012.
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• Support the ASHRAE Section in North Hellas and three active
student branches.
• Student support through scholarships and mentoring on
professional growth and opportunities.
• Continuous maintenance and enrichment of the Chapter’s web
site.
• Promotion of the Chapter’s activities and participation at
International Conferences and Exhibitions.
• Active participation in Regional and International Conferences,
Society meetings and numerous ASHRAE technical committees.
• Support of ASHRAE’s research campaign.
• Achieved strong sponsor support by numerous leading Hellenic
manufacturers and companies.

SINCE 2012, THE HELLENIC CHAPTER

ORGANIZES THE ANNUAL INTERNATIONAL
CONFERENCE “ENERGY IN BUILDINGS ”

IN COLLABORATION WITH THE TECHNICAL
CHAMBER OF GREECE (TEE)

HELLENIC CHAPTER BOARD MEMBERS
T

he ASHRAE Hellenic Chapter has always been embraced by the Greek technical world. Distinguished
engineers from academic, design, construction and industry field along with experts experts specializing
in areas like HVAC&R, energy efficiency, lighting, acoustics, materials and indoor environment have
always been represented in the board of directors and in chapter’s activities in general.
President George Pantelidis is leading engineer in an Energy Service Company.
President-elect Lambros Doulos is an expert in lighting participating in several national and international
lighting committees and projects.
Vice president Alkis Triantafyllopoulos comes from the HVAC industry as leading engineer of an HVAC
company specialized in dehumidification.
Treasures Dimitris Charambopoulos has many years of experience in MEP design and long-lasting
dedication on ASHRAE matters in chapter, region and society level.
Secretary Chryssa Panagiotopoulou represents the academic field and is senior academic researcher in
the School of Mining and Metallurgical Engineering of NTUA.
Member Ioanna Deligkiozi is co founder of a research and commercialization company specialized in
advanced materials and nanomaterials.
Member Takis Stapas is managing director in the Greek branch of a multinational industrial company
for pumps.

GEORGE PANTELIDIS

PRESIDENT

ASHRAE HELLENIC CHAPTER

Nice to be your partner!
High Efficiency solutions for air conditioning, refrigeration
and humidification.
DR. LAMBROS DOULOS

ALKIS TRIANTAFYLLOPOULOS

DR. CHRYSA PANAGIOTOPOULOU

PRESIDENT-ELECT

VICE PRESIDENT

SECRETARY

MECHANICAL ENGINEER

CHEMICAL ENGINEER

DIMITRIS CHARALAMBOPOULOS

DR. IOANNA DELIGIOZI

TAKIS STAPAS

TRESURER

BOARD MEMBER

BOARD MEMBER

MECHANICAL ENGINEER
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CHEMICAL ENGINEER

ADISPHQEN1 - 2019

PHYSICIST

MECHANICAL ENGINEER

carel.com

ENERGY IN BUILDINGS

ENERGY IN BUILDINGS
The objectives of the conference are to:

The ASHRAE Hellenic Chapter organizes, an annual International

Conference on Environment and Energy in Buildings. The
conference “Energy in Buildings” is organized in collaboration
with the Technical Chamber of Greece (TEE). This is the eighth
consecutive year that is being held in Athens, Hellas. The conference
includes technical papers, lectures and specific workshops, with
international and domestic participants.

o Raise awareness among professionals, institutions, organizations
and businesses for the immediate implementation of energy
saving measures.
o Inform engineers and all other parties involved in technologies
and practices.

The conference series proved to be a great success, with visiting
distinguished speakers from all over the world and to name but a
few from the US, Great Britain, Switzerland, Austria, Belgium, Spain,
Sweden, Singapore, Cyprus and Greece. Typically the Conference
is attended by about 450 engineers and scientists. The event is
followed over the internet as it is broadcast live. Indicatively it was
watched form countries like the US, the UK, France, Spain, Sweden,
Switzerland, Hellas, Turkey, Egypt, Saudi Arabia, UAE, Nigeria,
Pakistan, India, Sri Lanka and other countries.

o Demonstrate the technical problems in the implementation of
applications to improve the energy efficiency of buildings.
o Inform participants for international standards for certification of
buildings.
o Demonstrate the economic and environmental benefits of
investors and business operations of energy savings in buildings.
o Set out the practices and energy saving measures implemented
in other countries.

The scope of the conference is to promote and negotiate issues
related to current technologies, inform the attendees about scientific
and technological developments and train targeted participants in
the areas of building services, environmental management and
energy in buildings. Thus, establishing a permanent institution
providing current state of the art solutions related to the building
sector.

o To emphasize the importance of proper design and quality of the
indoor environment of buildings in our everyday lives as well as
their contribution to sustainable development.
Since 2016 the conference has accepted original research papers
for presentation. Accepted full papers are published in an electronic
media publication (e-proceedings book with an ISBN number). Oral
presentations are videotaped and uploaded for free viewing on the
conference website.

THE EINB CONFERENCE SERIES PROVED

TO BE A GREAT SUCCESS, WITH VISITING

DISTINGUISHED SPEAKERS FROM ALL

OVER THE WORLD: US, GREAT BRITAIN,

SWITZERLAND, AUSTRIA, BELGIUM,

SPAIN, SWEDEN, SINGAPORE, CYPRUS
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AND GREECE

PRESENTATION IN ENERGY IN BUILDINGS 2018

PROF. WILLIAM BAHNFLETH IN ENERGY IN BUILDINGS 2018

FIRST CRC ORGANISED BY THE HELLENIC CHAPTER IN 2005
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ENERGY IN TRANSPORTATION
T

he International Conference “ENERGY in TRANSPORTATION” was
initiated in 2015, after the signing of an MOU between the Hellenic
Chapter and the Hellenic Navy. The first event was an International
Conference named “ENVIRONMENT & ENERGY in SHIPS”, that was held
on May 22-24, 2015 at the Naval Academy. The aim was to improve the
living environments and energy usage aboard ships. The conference
provided the platform to professionals in the shipping industry to
present their views from the shipping sector. TEE has also been a main
co-organiser of the conference from its beginning. In 2016 Attiko
(Athens) Metro joined the organisers of the conference.
Apart from the papers presented, invited speakers came from
Naval Architects, Maritime Engineers, Port & Transport Specialists,
Navy Engineers and other professions that covered various topics.
Furthermore, the United Nations Environment Programme (UNEP)
participated with a special session embrasing a number of topics
and presenters, that addressed the management of Ozone Depleting
Substances (ODS) in the fishing and shipping sectors.
In 2016, in order to include all modes of transportation, the conference
was renamed and holds to this date its current name “ENERGY in
TRANSPORTATION”. Since then the conference has been held annually
in parallel with the “ENERGY in BUILDINGS” conference.

MR. DAVID UNDERWOOD &

ADMIRAL KONSTANTINOS KARAGEORGIS HN

PROF. WILLIAM BAHNFLETH &

ADMIRAL GEORGIOS BAMBLENIS HN

MR. DIMITRIS CHARALAMBOPOULOS, MR. AGGELOS DALAVOURAS, ADM. NIKOLAOS TSOUNIS H.N., CHIEF HELLENIC NAVY GENERAL STAFF & DR. COSTAS BALARAS
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Following the success of the conference series in Athens,

THE SERIES OF ENERGY IN BUILDINGS

CONFERENCES AFTER THE SUCCESS OF

THE CORRESPONDING CONFERENCES IN

ATHENS WERE EXPANDED IN NORTHERN
HELLAS (THESSALONIKI CITY) IN 2014

MEMBERS OF THE HELLENIC CHAPTER

20

the “Energy in Buildings” was brought in 2014 to Thessaloniki
in Macedonia, initiating the annual conference of Energy in
Buildings - Northern Hellas. Furthermore, the strong request of the
Northern Hellas community (Engineers, Architects, Academia and
Professionals of different disciplines of the built environment) for
technical seminars and the thirst for knowledge and willingness of
participation in ASHRAE actions from the students of the student
branch of University of the Western Macedonia were the key factors
in launching the actions for Energy in Buildings in Northern Hellas
conference (EinB NH). After six consecutive years the EinB-NH
conference has been well established and remains one of the most
significant events for the built environment experts in the city of
Thessaloniki and Northern Hellas. The Conference is organized by
the ASHRAE Hellenic Chapter in collaboration with the Technical
Chamber of Greece, Section of Central Macedonia (TEE-TKM).
Great support is given from the ASHRAE Student Branch of the of
University of the Western Macedonia. More than 10 volunteers
and 50 students are visiting every year the conference from the
city of Kozani, 130km far. Hellenic Chapter’s sponsors give a
strong presence not only with supportive material for the students
but also with the travel expenses. At the last three conferences a
a special poster session on Lighting was initiated, expanding the
field of experts by inviting professionals from the lighting industry
and academia. The last conference on Saturday, May 11, 2019 (6th
International Conference ENERGY in BUILDINGS in Northern Hellas,
http://ashrae.gr/einb-nh2019.php), was held in a central hotel in
the heart of Thessaloniki. There were more than 150 participants.
Three DLs were invited and from the total number of the 20 speakers
more more than half were based in Northern Hellas supporting the
local community. Among them there were three distinguished
Professors from the Aristotle University of Thessaloniki, Greece.
There were 2 parallel session in order to facilitate all the audience,
the speakers and the wide field of the expertise. EinB NH conference
is aiming to widen more the audience in the future by supporting
the local community and especially the students of the universities
with no conference registration fee and expanded DL visits.

PRESENTATION AT TEE-TKM AMPHITHEATER

to improve Indoor Air Quality (IAQ) using the
photocatalytic oxidation (PCO) technology. The
paints consists of chemically active nano-TiO2,
exploring visible active photocatalyst, which
is able to degrade organic air born pollutants
such as acetaldehyde and methyl orange,
eliminates bacterial growth such as E.Coli and is
active under visible and solar light. These paints
are validated based on relevant standards
ISO 10678:2010, ISO 22197-1:2007 and ISO
27447:2009. The paints are environmental
friendly using only water as solvent, without
odour containing low Volatile Organic
Compounds (VOCs) according to the European
Regulations [1]. The self-cleaning properties
are inhouse evaluated based on standard ISO
27448:2009 for self cleaning performance
of films containing photocatalytic materials.

40% REMOVAL
OF POLLUTANT
IN 5 HOURS
Cnano photocatalytic paint
Non photocatalytic paint
Commercial Photocatalytic paint

40

Methyl Orange Removal (%)
under solar irradiation

ENERGY IN BUILDINGS NORTHERN HELLAS

ΑN ENVIRONMENTAL
FRIENDLY
INTERIOR
creative nano
PHOTOCATALYTIC
Creative Nano PC is developing water based
PAINT
photocatalytic paints for interior use in order

30

20
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0
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Time (h)

3

4

BETTER
PHOTOCATALYTIC ACTIVITY
IN COMPARISON WITH
THE ACTIVITY OF A COMMERCIAL
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ADDRESS

CONTACT INFO
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4 Leventi Str.

Athens Greece

Tel: +30 21 1402 0804
info@creativenano.gr
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ENERGY IN BUILDINGS - CYPRUS

TECHNICAL SYMPOSIUMS IN ATHENS
Sustainability in Buildings & Cities
Thursday March 21, 2019

The series of Energy in Buildings conferences after the success

of the corresponding conferences in Athens and Thessaloniki
(Northern Hellas) were expanded in Cyprus (Limassol City) in 2017.
The effort to support the ASHRAE Cyprus chapter and the thirst for
knowledge and willingness of participation in ASHRAE actions from
the students from the Cyprian Universities and local professionals,
were the key factors in launching the actions for Energy in Buildings
in Cyprus conference (EinB Cyprus). After three consecutive years
the EinB Cyprus conference is trying to be well established in
order to start the involvement of more and more key players of
the local community. The Conference is organized by the ASHRAE
Hellenic Chapter in collaboration with the Technical Chamber of
Greece (TEE), the ASHRAE Cyprus Chapter, the Technical Chamber
of Cyprus (HTHK) and under the auspices of Cyprus Employers
and Industrialists Federation (OEB). Because of the particular built
environment of Cyprus and the timing of its economic growth,
there is a strong interest for the hospitality sector and hotels.
In response, half of the EinB Cyprus conference is dedicated on
issues and topics related to the Hotel sector. The last conference
on Saturday, June 8, 2019 (3rd International Conference ENERGY
in BUILDINGS in Cyprus, http://ashrae.gr/einb-cyprus2019.php),
was held at a downtown hotel in Limassol. There were more than
100 participants. From the total number of the 10 speakers many
of them were based in Cyprus supporting the local community.
Among them there was the Head of Energy & Environment Service,
Cyprus Employers and Industrialists Federation. There was one big
session in order to facilitate all the audience, the speakers and the
wide field of the expertise. EinB in Cyprus conference is aiming
to widen more the audience in the future by supporting the local
community and especially the students of the universities with no
conference registration fee and expanded DL visits.

• Sheila J. Hayter
Professional Engineer, Fellow ASHRAE
2018-2019 ASHRAE President
• Prof. Maria Taxiarchou
Assistant Professor, Laboratory of Metallurgy, School of Mining and Metallurgical Engineering, NTUA
• Dr Heleni Pantelidou
Civil Engineer PhD, CEng MICE, Associate Director, Regional Sustainability
Skills Leader at Arup, London, United Kingdom
• Vasilis Maroulas
Mechanical Engineer, Associate Director at Arup, London, United Kingdom
• Panagiotis Parthenios
Architect, Associate Professor, Director of the Digital Media Lab, Director of
Post Graduate Studies, School of Architecture, Technical University of Crete

SOLAR COOLING, GEOTHERMAL, CO2
APPLICATIONS & NEW ASHRAE’s STANDARD 209
ON ENERGY SIMULATION
Thursday February 21, 2019

EINB IN CYPRUS CONFERENCE IS AIMING
TO WIDEN MORE THE AUDIENCE IN THE

FUTURE BY SUPPORTING THE LOCAL

COMMUNITY

• Dr-Ing Sotirios Karellas
Associate Professor at National Technical University of Athens, Expert
(Greek Delegate) at Energy Committee of Horizon 2020, visiting professor
at Technische Universitat Munchen and Universitat Bayreuth
• Dr Michail Gr. Vrachopoulos
Professor of UOA
• Konstantinos Laskos
Civil Engineer A.U.TH., ASHRAEBEMP, BEAP Certified, Energy Planning &
Energy Savings Consultant
• Alkis Triantafyllopoulos
Mechanical Engineer, MSc Energy Engineer, ASHRAE Hellenic Chapter
President 2017-2018, Head of Engineering in Menerga Hellas

ECO DESIGN, REFRIGERATION, HVAC DESIGN,
KENAK & ENERGY AUDITS
Tuesday December 18, 2018

ENERGY IN BUILDINGS CYPRUS
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ENERGY IN BUILDINGS CYPRUS

• Elias Petsanas
Mechanical Engineer, Sales Manager at DELTA HEATING AIR-CONDITIONING LTD, Athens, Greece
• Renos Eleftheriadis
Consulting Sales Engineer, Daikin Greece
• Alkis Triantafyllopoulos
Mechanical Engineer, Vice President, ASHRAE Hellenic Chapter
• Georgios Pantelidis
Mechanical Engineer, MSc, EUREM, President-Elect, ASHRAE Hellenic
Chapter

APPLICATIONS & LEGIONELLA CONTROL using
ASHRAE’s STANDARDS & GUIDELINES
Friday June 1, 2018

• Dr. Bjarne Olesen
ASHRAE President, Director of the International Center for Indoor Environment and Energy and Professor at Danish Technical University
• Mahesh Prabhu
B.E., M.S., M.I.E., CEO @ Essem Enterprises, Goa-India
• Konstantinos Laskos
Civil Engineer A.U.TH., ASHRAE BEMP, BEAP Certified, Energy Planning &
Energy Savings Consultant
• Marios Tsakiris
Mechanical Engineer, NTUA, MSc. KTH, Business Analyst – Energy Modeling Expert ZEB SA
• Aggeliki Zotou - Eleftheria Giannarou
Technological Education Institute of Sterea Ellada
• Evangelos-Nikolaos Madias
Electrical & Computer Engineer, M.Sc. Ph.D. (c)

REFRIGERATION SIMULATION & LIGHTING
Thursday April 26, 2018

• Maria Danilatou
Architect Engineer, NTUA, M.Arch Bartlett_UCL UK, DGNB Auditor, Senior
Architect Engineer at BRIGHT SPECIAL LIGHTING S.A.
• Leonidas Vergos
Electrical Engineer NTUA, Project Developer at Sirecled SA
• Dimitrios Dalavouras
Mechanical engineer, NTUA
ASHRAE CPMP, OPMP certified
• Isidoros Siderakis
Electrical Engineer, NTUA
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PARTICIPATION OF THE HELLENIC CHAPTER
IN EUROPEAN PROJECTS
The Lightcoce project: Building an Ecosystem for the Up-Scaling of Lightweight
Multi- Functional Concrete and Ceramic materials and Structures

creative nano

LIGHTCOCE PROJECT:
BRIDGING THE GAP
BETWEEN LABORATORY AND
UPSCALING AND TESTING

T

he finite nature of energy as well as the cost in natural
resources came into the world focus these last few years, when the
international community finally realized that everything comes at
a cost. Including energy. So, how can we remediate a disturbing
situation and avoid a dystopic future?
One of the solutions that everybody seems to agree upon is the
drastic reduction in energy consumption, not only in industries
or in transportation, but also in buildings. The current “talk of
the town” in all developed countries is the development of new
technologies that can guarantee energy effective processes while
the new generation of materials will perform multiple functions, be
ever lighter-weight, and still be durable enough to meet with the
strict quality and safety regulations. The new materials will be the
product of pioneering research in the cutting edge of technology.
So, in this economically challenging period, what happens if
a company has a brand new idea for the development of such
a material but not the facilities and specialized personnel to
upscale it in pilot scale, not the necessary equipment to perform
all the required characterizations, not enough human resources
to dedicate in the market analysis or simply not enough funds to
complete the development? The answer to this challenge comes
from the new EU-funded project Lightcoce.
The vision of Lightcoce was to create an ecosystem of research centers,
universities and companies, that can provide to future clients a
network of advanced technological services for the development of
high-tech multifuctional, nanoenabled and lightweight materials,
providing lab-scale accuracy in a pilot line! This coalition of experts
will provide upscaling services through a Single Entry Point, an onestop shop which will ensure costumer communication efficiency,
fast response and fast delivery of services. The Lightcoce network
includes five pilot lines (concrete with lightweight aggregates,
foamed concrete, traditional ceramics, advanced ceramics and tiles),
full final product characterisation services, process and materials
modelling, Standardisation, Regulatory, Safety and Environmental
Assessment, Data Management and Innovation management

OF MULTIFUNCTIONAL
LIGHTWEIGHT CONCRETE
AND CERAMIC MATERIALS
(including business plans and marketability).
Lightcoce project is coordinated by NTUA (National Technical
University of Athens) and currently is in the 1st development
phase where the network of services is being set up. The Hellenic
Chapter of ASHRAE is one of the 16 core partners of the project
and valuable member of the eco-system, offering their expertise in
standardization of constructions and the built environment. Eight
already identified product upscaling cases will serve as validation
cases for testing the efficiency of the ecosystem: nano-enabled
lightweight concrete, nano-modified cellular concrete, load
bearing concrete sandwich panels, self-sensing lightweight bridge
decks, lightweight porcelain tiles, lightweight bricks, lightweight
self lubricating valves for vacuum applications in satellites and
lightweight low friction nose cones for re-entry vehicles. When
the project will enter the 2nd phase, an open call will be launched
searching for additional test-cases that will benefit from the services
of the eco-system free of charge, as an additional validation process
for the eco system. The ecosystem can offer their services to small,
medium and Large sized enterprises coming from the concrete
industry, the construction, automotive industry, aerospace and
defence.
The Lightcoce project and ecosystem aspires to be the future of
high-tech support in the Building Environment (and not only),
connecting great ideas with ingenious experts and state-of-the-art
infrastructure.
More information about the project, news and events (including the
launching of the open call) can be found in the project web page:
https://www.lightcoce-oitb.eu/en/normal/home

THIS RESEARCH PROJECT HAS RECEIVED FUNDING FROM THE EUROPEAN COMMUNITY’S H2020 PROGRAMME, UNDER GRANT AGREEMENT NR. 814632. FUNDING SCHEME: H2020-NMBP-HUBS-2018.
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Creative Nano is positioned at the very beginning of the nanotechnology

supply chain. The company is specialized on the incorporation of nano-enabled
materials applied to the surface treatment industry, synthesis of nanostructured

materials, consultation on environmental safety and nanomaterials handling, as

well as providing scientific engineering services and consultancy to the industry.
ADDRESS

CONTACT INFO

12132 Peristeri,

www.creativenano.gr

4 Leventi Str.

Athens Greece

Tel: +30 21 1402 0804
info@creativenano.gr

REGION XIV

PARTICIPANTS AT REGIONS’S XIV FIRST CRC IN BELGRADE, SERBIA 2017

T

he European ASHRAE Region XIV as of July 1, 2017 is the
youngest region of ASHRAE’s global structure that is composed
of 15 regions and about 190 chapters around the world, with
about 57,000 individual members that reside in 130 countries.
The formation of Region XIV was announced as part of ASHRAE’s
commitment to extend the Society’s global reach and better
support its membership. This kicked-off the term of Prof. Bjarne
Olessen, ASHRAE President 2017-18 from Denmark who was the
first non-native English-speaking ASHRAE President, and only the
second outside North America since Richard Rooley, FREng from the
U.K. who served as Society President in 2003–04.
The first European chapter was the Hellenic Chapter that was
chartered in Athens, Greece back in 1999 as part of the RegionAt-Large (RAL) at the time, and the newest addition to Region
XIV is the Israeli Chapter headquartered in Ramat Gan, Israel
that was approved during the ASHRAE 2019 Annual Conference
in Kansas City, Missouri, in June 2019. Region XIV has a total of
about 2,200 ASHRAE members, half of which belong to the nine
chapters: Hellenic (Athens, Greece), Danube (Timisoara, Romania),
Portugal (Lisbon, Portugal), Spain (Madrid, Spain), Cyprus (Nicosia,
Cyprus), Ireland (Dublin, Ireland), UK Midlands (Loughborough,
Leicestershire, England), UK London and South-East Chapter
(London, England), and Israeli (Ramat Gan, Israel), along with the
three Sections in Scotland, UK North and Northern Hellas, and
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hundreds of students in twenty one active Student Branches.
Region XIV brings the two sides of the Atlantic closer together
and extends our global community. ASHRAE Chapters & Sections
facilitate local extension of ASHRAE’s base of global knowledge,
Bilateral information flow (e.g. European solutions shared for use
globally, Needs of European members channeled to global level
for solution), Global experiences made accessible for European
application, Outreach to local, regional and national governments,
Issue awareness among related professionals and HVAC&R
dependent industries. Partnerships and collaborations with groups
of related professionals, federations and trade associations, and
global alliances with national societies, ASHRAE members and
other professionals are more empowered to continue producing
and sharing technical knowledge worldwide and work together
towards a more sustainable world.
Join ASHRAE members from around the world and work together to
support the Society’s mission to serve humanity by advancing the
arts and sciences of HVAC&R and their allied fields for a healthy and
sustainable built environment for all, most of which are global in
nature and require international support and solutions.
Be a part of the community: www.ashrae.org/join
to become an ASHRAE member!

REGION XIV CHAPTER LEADERSHIP

REGION XIV

As of July 1st 2017 that ASHRAE formed the new Region XIV, a group of volunteers has

been serving our members and region in the Society. Among them, a dedicated representative
on the ASHRAE Board of Directors (Costas Balaras, DRC), Members Council (Dimitris
Charalambopoulos, RMCR), six RVCs on standing Committees (Stephen Gill on Government
Affairs, Mónica Del Fresno on Membership Promotion, Liviu Drughean on Research Promotion,
Zoltan Magyar on Student Activities, Serafin Grana on Technology Transfer, and Aleksandar
Andjelkovic on YEA), and the Nominating Committee (Eduardo Maldonado as Member, Ioanna
Deligkiozi as Alternate, and Andres Sepulveda as Reserve Alternate). Regional operational issues
are handled by Dimitris Charalambopoulos, Treasurer; Alkis Triantafyllopoulos, Historian; Nikos
Giannitsanos, Electronic Communications and Webmaster; and Stephen Gill, ARC. The efforts of
Ken Goodman, ARC 2017-18 are also greatly recognized. Steve Comstock, Manager of Business
Development EMEA provides staff support to our regional community, supporting relationships
with other institutions and organizations, expanding training opportunities etc.
The role of our regional leaders has been instrumental in the success of Region XIV, strengthening
participation in the Society. Members are encouraged to contact them (https://ashrae.eu/regionxiv/) and express their views about regional activities and Society matters, and to assist them in
their capacity to further strengthen membership, fellowship and communication.

COSTAS BALARAS
DIRECTOR & REGIONAL CHAIR

STEPHEN GILL
REGIONAL VICE-CHAIR
GOVERNMENT AFFAIRS

ALEKSANDAR ANDJELKOVIC
REGIONAL VICE-CHAIR YEA

EDUARDO MALDONADO
NOMINATING COMMITTEE MEMBER

ANDRES SEPULVEDA
NOMINATING COMMITTEE RESERVE
ALTERNATE

DIMITRIS CHARALAMBOPOULOS
TREASURER

STEPHEN GILL
ASSISTANT REGIONAL CHAIR

DIMITRIS CHARALAMBOPOULOS
REGION MEMBERS COUNCIL
REPRESENTATIVE

MÓNICA DEL FRESNO
REGIONAL VICE-CHAIR
MEMBERSHIP PROMOTION

IOANNA DELIGKIOZI
NOMINATING COMMITTEE
ALTERNATE

LIVIU DRUGHEAN
REGIONAL VICE-CHAIR
RESEARCH PROMOTION

ZOLTAN MAGYAR
REGIONAL VICE-CHAIR
STUDENT ACTIVITIES

SERAFIN GRANA
REGIONAL VICE-CHAIR CHAPTER
TECHNOLOGY TRANSFER

TRIANTAFYLLOS TRIANTAFYLLOPOULOS NIKOS GIANNITSANOS
HISTORIAN
ELECTRONIC COMMUNICATIONS /
WEBMASTER
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STEPHEN COMSTOCK
MANAGER OF BUSINESS
DEVELOPMENT EMEA
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LOUGHBOROUGH, UK

REGION XIV - CRC 2018
UK ASHRAE Midlands Chapter hosted a
successful Chapters Regional Conference 7-9
September 2018
Loughborough University was the venue for the ASHRAE CRC 2018.
Taking place between 7-9 September, the ASHRAE Region XIV
conference was led by the ASHRAE UK Midlands Chapter and
brought together delegates, stakeholders, technical experts and
decision makers from across Europe and the USA.
Over 120 people attended the conference, including sponsors and
students. The event consisted of two days of technical sessions,
an exhibition, tours of the University labs as well as a number of
training workshops and networking opportunities.
Over 35 presentations were given by industrial partners and from
the region over the duration of the conference. The conference
theme was ‘Build our new energy future’.
Dr Mahroo Eftekhari, who was the president elect and also the
elected general chair of the 2018 Chapters Regional Conference
(CRC), and Dr. Yi Zhang Midlands chapter were awarded plaques
of appreciation and honour for their support and leadership in
organising CRC 2018 event.
Speaking about the conference, Dr Eftekhari said:
“It has been a great pleasure and honour being the general chair of
CRC and organising such an important conference.
“We are a new chapter and it is a great opportunity for us to
showcase our student achievements and host experts from Europe
and ASHRAE president and dignitaries here at Loughborough.
“The ASHRAE report has rated the CRC as excellent and a huge
success. I’m very pleased to be awarded a leadership prize, it was
a great experience.”
For further information about the conference, visit the dedicated
webpage: http://www.lboro.ac.uk

BUSINESS SESSION AT THE CRC
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PARTICIPANTS OF THE SECOND CRC IN LOUGHBOROUGH, UK 2018

OVER 35 PRESENTATIONS WERE GIVEN

BY INDUSTRIAL PARTNERS AND FROM

THE REGION OVER THE DURATION OF THE

CONFERENCE. THE CONFERENCE THEME

WAS ‘BUILD OUR NEW ENERGY FUTURE’.

STEVE COMSTOCK, MICK SCHWEDLER & SHEILA HAYTER

DR. IOANNA DELIGKIOZI RECEIVING HER AWARD
FROM OUR REGION DRC DR. COSTAS BALARAS

SHEILA J. HAYTER. 2018-19 ASHRAE PRESIDENT
& HER HUSBAND GREG OAKLIEF
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REGION XIV - CRC 2017

BELGRADE, SERBIA

T

he Chapter Regional Conference (CRC) that was held on
December 8-10, 2017 in Belgrade was the first major event of the
new ASHRAE European Region XIV, hosted by the ASHRAE Danube
Chapter in collaboration with the Serbian HVAC&R Society. This
exceptional event was organized with superb success by Prof.
Branko Todorovic, CRC General Chair and the members of the
Danube Chapter and KGH. This was a historic conference given that
the youngest ASHRAE region was established last June 2017.
The first CRC of the new European Region brought together
delegates from the eight European ASHRAE Chapters (www.ashrae.
eu) coming from the Hellenic Chapter (Athens, Greece), the Danube
Chapter (Timisoara, Romania), the Portugal Chapter (Lisbon,
Portugal), the Spain Chapter (Madrid, Spain), the Cyprus (Nicosia,
Cyprus), the Ireland (Dublin, Ireland), the UK Midlands Chapter
(Loughborough, Leicestershire, England), the UK London and
South-East Chapter (London, England), along with other members,
engineers, managers, decision makers and technical experts from
Europe and the U.S. The European Region also includes three
ASHRAE Sections in Scotland, UK North and Northern Hellas, and
ten active ASHRAE Student Branches. All together the CRC attracted
over 70 participants from Europe and the U.S.
The CRC provided a forum for the dissemination of information
pertaining to chapter, regional and society activities. During the
three-day CRC the participants had an opportunity to conduct
their business so that the members through their chapters have
a voice on relevant activities or policies and submit motions,
report and discuss their activities, share experiences and establish
goals, receive training workshops, recognize and present awards
to chapter and regional members, and others activities including
tours and social events that gave a great flavor of Belgrade and
Serbia to the participants.
Recognizing the importance of this event, the CRC was attended
by the ASHRAE senior leadership that was led by Prof. Bjarne
Olesen, ASHRAE President and included Ms Sheila Hayter, ASHRAE
President-Elect, Prof. Julia Keen, ASHRAE Vice President and Mr Jeff
Littleton, ASHRAE Executive Vice President.
Overall, the first ASHRAE Region XIV CRC was a fantastic event
and provided an excellent opportunity to network, exchange
technical information, enjoy goof fellowship, meet with European
professionals, and have fun while participants learned more about
ASHRAE and how can enhance their membership benefits. We are
all very grateful to the leadership and the tremendous support of
Prof. Branko Todorovic, the Danube Chapter, KGH and fantastic help
of all the Serbian student volunteers in holding this outstanding
first ASHRAE Region XIV CRC in Belgrade.
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PARTICIPANTS OF THE FIRST CRC IN BELGRADE, SERBIA 2017

ASHRAE CHAPTERS CAN BETTER

SERVE INDIVIDUAL ASHRAE MEMBERS

PROVIDING MULTIPLE POSITIVE RETURNS

TO THEIR COMPANIES, OTHER NATIONAL
SOCIETIES AND ASSOCIATIONS, ALONG

WITH THE EUROPEAN HVAC&R INDUSTRY

TECHNICAL SESSION AT THE CONFERENCE

PROF. BRANKO TODOROVIC RECEIVING HIS AWARD

BUSINESS SESSION AT THE CRC
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REGION XIV CHAPTERS

REGION XIV CHAPTERS

HELLENIC

DANUBE

Danube Chapter has no country Flag, as it consists of group of

members from 13 countries (Albania, Austria, B&H, Bulgaria, Checz,
Croatia, Hungary, Macedonia, Montenegro, Romania, Serbia,
Slovakia, Slovenia) surrounding the beautiful blue Danube as a kind
of map-scheme presents here our Flag. Several of these countries
have National HVAC or similar energy related organizations and
successfully participate in ASSA.
The ASHRAE Danube Chapter held its chartering ceremony on
April 8, 2005 and it was the second ASHRAE chapter founded in
Sub Region B. Prof. Florea Chiriac was the first Danube Chapter
President. He and Prof. Branislav Todorović (former Yugoslavia)
were initiative leaders supported warmly by ASHRAE President Ron
Vallort and SR(B) Chair Costas Balaras (both were present at the
event).
The headquarters of the Danube Chapter are at the University of
Timisoara, Romania. 51 starting members were from Romania,
Bulgaria, Croatia, Slovenia, Hungary, Serbia& Montenegro, and
Former Yu-Republic of Macedonia (7). 10 Years Anniversary
celebration was in Sinaia in 2015 during the Jubilee Conference on
The Installation For Building And The Ambiental Comfort organized
by the A.I.I.R. Romanian Association of Installations Engineers.
In Chapter there are 8 Student Branches Novi Sad, Belgrade,
Kragujevac, Nis (Serbia), Bucharest and Timisoara (Romania), Split
and Zagreb (Croatia).
Current Board of Governors (elective officers) are: Aleksandar
Anđelković (chapter president), Gabriel Nastase (president elect),
Živojin Perišić (vice president), Ioan Silviu Dobosi (secretary) and
Marko Ignjatovic (treasurer).

CHAPTER BOARD MEMBER DR. IOANNA DELIGKIOZI,
BOARD MEMBER MR. TAKIS STAPAS,
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(HQ), SERBIA, AUSTRIA, BOSNIA &

HERZEGOVINA, BULGARIA, CZECH

SLOVENIA, GERMANY AND ALBANIA.

CHAPTER PRESIDENT MR. GEORGE PANTELIDIS

The Hellenic Chapter covers the entire country, supports the ASHRAE
Section in North Hellas and three active student branches. While the
main bi-monthly technical meetings are organized in Athens, the
Chapter offers open web access to all technical presentations, some of
which on live-webcasts, it organizes two major annual international
conference series in Athens and Thessaloniki on the theme of
“Energy in Buildings”, and one on “Energy in Transportation”.

ACTIVE ASHRAE MEMBERS IN ROMANIA

MACEDONIA, MONTENEGRO, SLOVAKIA,

ASHRAE PRESIDENT 2018-19 SHEILA J. HAYTER

European chapter, as part of the Region-At-Large (RAL) at the time.
It is headquartered in Athens, Greece and since 2017 is part of the
European community in Region XIV.

IOAN SILVIU DOBOSI

DANUBE CHAPTER SECRETARY

REPUBLIC, CROATIA, HUNGARY,

TREASURER MR. DIMITRIS CHARALAMBOPOULOS,

The ASHRAE Hellenic Chapter was chartered in 1999 as the first

ALEKSANDAR ANĐELKOVIĆ THE NEW DANUBE CHAPTER PRESIDENT AND

Among its notable activities, the Hellenic Chapter has a standing
MOU and over the years it closely collaborates with the Hellenic
Navy and the Technical Chamber of Greece.
Several members of the Hellenic Chapter have served on Regional
and Society positions, including Dr Costas Balaras (Region XIV DRC
2017-20, ASHRAE VP 2011-13, DAL 2007-10, RAL SubRegion Chair
2002-06); Dimitris Charalambopoulos (Region XIV RMCR & Treasurer
2017-20, RAL MP RVC 2011-13), Dr Ioanna Deligkiozi (Region
XIV Nominating 2017-20, RAL 2016-17), Alkis Triantafyllopoulos
(Region XIV Historian), Nickos Giannitsanos (Region XIV Webmaster
2017-20)

COUNTRY MEMBERS OF DANUBE CHAPTER

ANNUAL DANUBE CHAPTER MEETING IN TIMISOARA 12.04.2019
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REGION XIV CHAPTERS

PORTUGAL

SPAIN

• Organization of the first ASHRAE HVAC Design Course Level I
Essentials in Spain that took place in Madrid, May 8-10, 2019 with
30 attendees

ASHRAE Portugal Chapter was founded in 2005 and and was
chartered in 2007.

• Participation at the Madrid International HVAC Trade Exhibition
with our own stand, from February 27 to March 1, 2019

The current Board of Governors (BOD) is composed by the following
Members:
President

Eduardo Maldonado

• Organization of the ASHRAE President, Sheila Hayter visit to
Madrid and a technical session based on her presidential theme
“Building Our New Energy Future”

Vice President

Isabel Sarmento

- Nearly Zero-Energy Buildings

Manuel Sarmento

- Refrigeration Technology

José Luis Alexandre

- Data Centers liability

Carlos Gabriel Farto

- Standard 90.1 - 2016 - Energy Requirements for Buildings except
Low-Rose Residential Buildings

Officers 2019-2020
President Elect
Treasurer

Secretary

Chapter Delegate (CD)
Chapter Alternate (CA)

Chapter Technology Transfer Chair (CTTC)

Grassroots Government Activities Chair (GGAC)
Membership Promotion Chair (MP)
Student Activities Chair (SAC)

Research Promotion Chair (RP)

Young Engineers in ASHRAE (YEA)
Chapter Historian (CH)

Serafin Grana

• Organization of five Technical Sessions on the following topics:

Manuel Sarmento

- ASHRAE Standard 90.1

Isabel Sarmento

- Humidity Control and its effects on environmental quality

Carlos Gabriel Farto

• Translation into Spanish of the following ASHRAE publications:

Adélio Gaspar
Adélio Gaspar

FIRST EUROPEAN TRAINING OF HVAC LEVEL I

José Luis Alexandre
José Luis Alexandre
Manuel Sarmento

				
ASHRAE Portugal Chapter is committed in cultivating collaborations
with pertinent local associations. In March 2017 was formalized a
collaboration and cooperation protocol between the Portuguese
Engineers Association (Ordem dos Engenheiros) that is member
of REHVA (Federation of European Heating, Ventilating and Air
Conditioning Associations).
Multiple events, meetings, technical sessions, conferences and
courses are held each year and the Climatization Days on October
stands out as being the biggest and most important.

- Standard 55 - 2017 - Environmental Thermal Conditions for
Human Occupancy

MARCH 6 TO 8, 2019 AT THE ORDEM DOS ENGENHEIROS IN LISBON
ASHRAE PRESIDENT SHEILA HAYTER LECTURE,

ASHRAE PORTUGAL CHAPTER, REHVA
PORTUGUESE SECTION AND THE

PORTUGUESE ENGINEERS ASSOCIATION

AGREE TO WORK TOGETHER IN HARMONY
AT ALL LEVELS CONTRIBUTING TO

SCIENCE AND ENGINEERING IN HEATING

VENTILATING AND AIR-CONDITIONING

MADRID 2019

The ASHRAE Spain Chapter was founded in 2007 and since

2017 the Chapter belongs to the Region XIV, Europe. Our aim is
to promote and disseminate ASHRAE’s technical resources in Spain
through the organization of technical seminars and presentations,
training courses and translation of publications, among other
activities, on topics of interest related to the HVAC Industry. We also
provide support to the ASHRAE Spanish members and collaborate
with other national associations that share the same objectives for
the technical and professional market development.

- Standard 202 - 2018 - Commissioning Process for Buildings and
Systems
• Translation into Spanish of ASHRAE promotional brochures
• Active presence in the media: Web, LinkedIn and Twitter
• Digital Communications: monthly newsletters
Our most successful events in our short but intense Chapter history are:
CRC 2014 – Region at Large- Madrid, 2014

ASHRAE Spain 10th Anniversary - Madrid, 2017

ASHRAE Spain Chapter Sponsors Event Madrid 2018

ASHRAE President Sheila Hayter Lecture, Madrid 2019

At this moment, the ASHRAE Spain Chapter is formed by 243
members, showing a positive and continued growth during the last
four years (180 members by 2016).
The Board of Governors is formed by a President (Miguel Angel de
Frutos), a President Elect (Jesus de Lara), a Treasurer (Rafael Ramos),
a Secretary (Santiago González), five Vice Presidents (Enrique
Yotti, Rafael Úrculo, Andrés Sepúlveda, José María and Adolfo
Sanz and several Committees, among others, CCTC, Students,
Communications, Webmaster, MP, YEA and RP.
The ASHRAE Spain Chapter is sponsored by 20 companies.

THE 18TH CLIMATIZATION DAYS IN LISBON OCTOBER 25, 2018
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DL SHEILA J. HAYTER, P.E., FASHRAE CONFERENCE IN LISBON – APRIL 9, 2015

We are very proud of having four student branches and 53 students
right now.
Our main activities developed during the last year have been the following:

CRC 2014 – REGION AT LARGE- MADRID, 2014
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REGION XIV CHAPTERS

CYPRUS

IRELAND

ENERGY IN BUILDINGS-CYPRUS 2018

ASHRAE CYPRUS CHAPTER was founded in 2017, evolving from

an ASHRAE Section that was was chartered back in 2013. It numbers
a total of 40 members and belongs to Region XIV.
Cyprus being a small country we struggle to keep up with everything
that is happening around us and specially in our Region.
Since our founding we have organized a number of events in the
years 2017, 2018 and 2019.

ENERGY IN BUILDINGS-CYPRUS 2017

6. ENERGY in BUILDINGS, June 8, 2019, Limassol
Our current board is:
1. Louis Vacanas – President
2. Nicolas Zachopoulos – President Elect

Most of our events were organized in cooperation with the Hellenic
Chapter, which has been by our side since day one.
The following are the Technical Symposiums, Conferences and
Events organized:

5. Polyvios Eleftheriou – Treasury

2. ENERGY in BUILDINGS, Thursday May 4, 2017, Limassol
3. Technical Event, Thursday 29/03/2018, Nicosia

ON THE VISIT OF ASHRAE PRESIDENT PROF. BJARNE OLESEN

5. Technical Symposium, March 2nd, 2019, Nicosia

3. Constantinos Zeniou – Vice President

1. Technical Symposium, Saturday March 11, 2017, Nicosia.

TECHNOLOGICAL UNIVERSITY OF DUBLIN ASHRAE STUDENT BRANCH

4. ENERGY in BUILDINGS, Monday May 7, 2018, Nicosia

4. Zacharias Hadjigeorgiou – Secretary
6. Kypros Panayi – Member 1
7. Kyriacos Karantonis – Member 2
We wish ASHRAE Region XIV and the Hellenic chapter a great success
on the upcoming CRC.

ASHRAE

Chapter status in June 2017. ASHRAE Ireland currently represents
approximately 150 professional members of ASHRAE in Ireland. The
overall aim of ASHRAE Ireland is “to promote and disseminate the
ASHRAE knowledgebase and know-how into the current practice of
Irish professionals and industries in the particular fields relevant to the
themes of ASHRAE and to promote the profile of the profession in the
Irish engineering profession”
The specific objectives of the Irish Chapter are scientific and educational
and include:
• the advancement of the sciences of heating, refrigerating and airconditioning engineering and related sciences,
• the continuing education of the members and other interested persons
in said sciences, through lectures, demonstrations, and publications,
• the rendering of career guidance and financial assistance to students

TECHNICAL SESSION AT THE ENERGY IN BUILDINGS CYPRUS, 2017
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PARTICIPANTS AT THE ENERGY IN BUILDINGS CYPRUS 2017

IRELAND CHAPTER MEMBERS ON THE VISIT OF ASHRAE DL KISHOR
KHANKARI

SECTION 2015

Ireland was founded in June 2015, and received

CHAPTER 2017
150 MEMBERS

3 STUDENT BRANCHES
of the sciences,
• the encouragement of scientific research,
• the promotion of sustainability in the Irish built environment sector.

In fulfilling those objectives ASHRAE Ireland is committed in cultivating
collaborations with pertinent local associations, educational institutes
and state bodies in the delivery and development of courses and
programmes in the sciences of heating, refrigerating and airconditioning engineering and related sciences.

JOINT ASHRAE-IBPSA GRADUATE STUDENT RESEARCH SYMPOSIUM, 28-29

MAY 2018 WITH ASHRAE PAST PRESIDENT DAVID UNDERWOOD
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UK MIDLANDS

UK LONDON & SOUTH EAST
ASHRAE UK London and South East Chapter was inaugurated

in March 2018. With its 300 strong ASHRAE members base, it is a
major platform for advancing the sustainability agenda in the built
environment in the UK’s capital and beyond.
In March 2019, Professor Ljubomir Jankovic of the University of
Hertfordshire gave a lecture on ‘Advanced Dynamic Simulation
Methods in Building Design and Quality Control’. He carried out
dynamic heating tests with calibrated simulation models using
monitored data. This facilitated the measurement of building
physics parameters, and provided a method for quality control of the
completed building. The results revealed significant discrepancies
between theoretical and measured properties of the case study
building. The findings call for re-evaluation of technical reference
tables and manufacturers’ specifications; for significant design safety
margins in respect of published properties of building materials;
and for a wider evaluation of physics properties of buildings in use.

INAUGURATION OF THE UK MIDLANDS SECTION IN 2015

The ASHRAE UK Midlands Section is the first ASHRAE group

in the UK. Works to form the group has started since 2014, and
the new Section was officially inaugurated on 26th May, 2015, at
Loughborough University. Professor Dennis Loveday was installed as
the first president of the Section.
Participation and activities grew in 2016 and 2017 thanks to works
of the active board of governors. We had taken part in the UK’s air con
and refrigeration trade show, the ACR Show, successfully organised
several events in collaboration with other professional organizations
in the region, such as the CIBSE, the Institute of Refrigeration and
the Energy Institute, and attracted 40~70 attendees on average.
In 2017, we organized our first full-day seminar with the theme of
the advances in energy simulation tools in Birmingham. It was well
supported by the industry and maximized the impact of the ASHRAE

distinguished lecture. The event was very well received by the 130
attendees. In the same year, we had our first student branch, which
organized a number of student events, including the “Rising Stars in
ASHRAE” student night.
On October 10, Professor Bjarne Olesen, ASHRAE President 2017-18,
officially inaugurated the UK Midlands Chapter. Then in September
2018, less than a year since the Chapter was inaugurated, we hosted
the Region XIV CRC and made it a highly successful event, thanks to
the support and dedication of the officers, the board members, and
all of the volunteers.
The Chapter has grown significantly since. We now have three
student branches established, and two more in the formation. We
organize two students’ awards each year, for both research and
graduate students. Our students have won the First Place in the most
recent ASHRAE student competition as well.

In August 2019, the Chapter hosted ASHRAE Distinguished Lecture
on ‘Decoupled ventilation strategies for enhanced Indoor Air
Quality’, delivered by Professor Chandra Sekhar of the National
University of Singapore. He presented research results from a
Personalised Ventilation (PV) system and a Single Coil Twin Fan
(SCTF) system, which show considerable promise in their abilities
to provide both good IAQ and energy efficiency, as they provide
“demand ventilation” and “demand cooling” by dynamically
responding to the varying requirements in the individual occupied
zones of a building.
This was followed by a lecture by Edward Murphy of Ollio - The
Buildings Performance Consultancy, on ‘The current state of IAQ
science and instrumenting technologies’. He explained that the
health and wellbeing certification agenda has brought about a
potential for a paradigm shift in how buildings are designed,
constructed and operated. However, concerns are growing that
health and wellbeing certification standards are developing in the
absence of any real-time data collection or observed evidence of
direct causal relationships between poor air and adverse health
impacts.

AS THE UK COMMITS TO NET ZERO

EMISSIONS BY 2050,

OUR CHAPTER MEMBERS HAVE

A PROMINENT ROLE TO PLAY.

The chapter will be hosting ASHRAE HVAC Design course at the
University of Hertfordshire, UK, 25-27 November 2019.

ASHRAE DISTINGUISHED LECTURE ON DECOUPLED
VENTILATION STRATEGIES FOR ENHANCED IAQ

SEMINAR ON CENTRALIZED HEAT PUMP SYSTEMS IN 2016
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INAUGURATION OF THE UK MIDLANDS CHAPTER, OCTOBER 2017

CHAPTER SPEAKERS IN THIS SESSION, LEFT TO RIGHT: PROFESSOR CHANDRA SEKHAR, EDWARD MURPHY, AND PROFESSOR LJUBOMIR JANKOVIC

BY PROFESSOR CHANDRA SEKHAR OF THE NATIONAL UNIVERSITY OF

SINGAPORE
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MADRID – NEXT STOP
REGION XIV - CRC 2020

MADRID - SPAIN
Moreover, Madrid is inspiring as a city that captures cultural and
artistic talent. Velázquez, Goya, Picasso, Dalí, Cervantes, Lorca,
Buñuel, Almodóvar; the list could go on and on. Madrid has
welcomed and continues to welcome big names in painting,
literature and film throughout time as an essential part of the city’s
life and the development and dissemination of its works of art. It
has even been the actual source of inspiration for many of them.
One example of this is the distinctive Barrio de las Letras district
where some of the most important Golden Age Spanish writers
once lived.

FLAMENCO DANCER
ALMUDENA CATHEDRAL AND ROYAL PALACE

And next stop…Madrid! Madrid will be hosting the ASHRAE

Region XIV Europe CRC 2020, during the second half of September,
next year. It will be the fourth CRC since the ASHRAE Region XIV
was established back in 2017
Diverse, tolerant, multicultural, creative, lively, innovative,
sustainable, global… many words could be used to describe
Madrid. Yet, the city’s capacity to welcome outsiders is no doubt its
most representative identity mark.

and alternative cultural spots like Matadero Madrid and MediaLab
Prado.
All of them together create one of the most attractive cultural
offerings in Europe with annual events and activities of interest to a
broad audience available 365 days a year.

And it is all due to the locals’ open and inclusive nature as they
make you feel right at home whomever you are and wherever you
come from. If you come to Madrid, you are from Madrid. That is why
Madrid is known as the city of open arms, a hospitable destination
with a very unique lifestyle that makes it a one-of-a-kind place in
the world.
Madrid is also the capital of culture. The city offers visitors some of
the most extensive and well-conserved historical/artistic heritage
in the world where universal references like the walkable art
district Paseo del Arte co-exist in the same environment as royal
sites, museum houses, institutions with centuries of history such
as the Spanish Theatre and the Royal Theatre as well as modern
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Madrid has one of the best retail offerings in all of Europe and,
thanks to the liberalisation of shop opening hours, it can now be
enjoyed almost all year round. Spanish and international designers,
alternative fashion houses, top brands as well as garments created
and made in the city can be found in the capital city’s different
shopping areas: from Gran Via to the Barrio de Salamanca district,
all the way to Fuencarral street.
Madrid is also all about open-air life as a sustainable city that looks
after the environment and holds great natural treasures. With green
areas like El Retiro, La Casa de Campo, La Quinta de Los Molinos,
El Capricho and Madrid Río, Madrid offers a healthy and peaceful
atmosphere to experience nature.

GRAN VÍA STREET

PRADO MUSEUM

Madrid is also the capital of flamenco, with tablao venues offering
unforgettable experiences as they tremble with emotion from the
incredible staging. It is the capital of Spanish music too with bigbudget shows, the epicentre of which is Gran Vía, also known as
“Madrid’s Broadway”.

One of the main attractions in Madrid no doubt lies in its broad
culinary and wine offering and the way it is enjoyed – always in
good company. Going out for tapas with friends, a family meal,
a tasting session at one of the city’s markets or an unforgettable
experience at a well-known restaurant.
A squid roll, a serving of patatas bravas (spicy potatoes), soldaditos
de pavía (breaded cod and fried red peppers), a slice of Spanish
omelette, a dish of iberian ham, cheese, … there is quite the
assortment of tapas. And those are just a few examples of the
little bits of gastronomic identity found in a city with thousands
of restaurants representing all the culinary possibilities found
throughout Spain and the world
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GASTRONOMY. SPANISH OLIVE OIL

From Madrid to heaven… via the palate
The infinite leisure and entertainment offering in the city of Madrid
is a fundamental part of its characteristic lifestyle. The place for
the best flamenco and the capital of Spanish-language musicals,
Madrid also stands out for the diverse and exquisite cultural
programming at its museums, theatres and cultural centres. Its
night-time entertainment options and street-side cafés in privileged
locations are yet more examples of plans that can be made in a city
where fun is guaranteed.
Madrid is a city to get excited and come to life with sport. The setting
for the best football, its main first division teams, Atlético de Madrid
and Real Madrid, are some of the capital’s best ambassadors in
Europe and all over the world. And if you love playing golf you can
do it in one of the many and beautiful golf courses located in the
city and its surroundings.

MADRID IS A FRIENDLY CITY TO VISIT
WITH A LOT INTERESTING PLACES

TO ENJOY WHERE THERE’S ALWAYS

SOMETHING GOING ON AND SOMETHING
NEW TO DISCOVER!

GOLF COURSE DESIGNED BY REES JONES

On a professional level, Madrid is a booming city. It has established
itself as a top-rate destination for business tourism and professional
events and meetings as the home of large specialist headquarters
and a long list of services that have gained the trust of professionals
from all over the world who have chosen it as the place to do business
not only because of its leadership, but also its cosy atmosphere.
In short, Madrid is a city with immense personality which
welcomes visitors with open arms and offers them one of
the best and most complete tourism offerings in the world.

Welcome to this trip through the city of Madrid!
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REGION XIV PARTNERSHIPS
AND COLLABORATION

AXIA Innovation
is a German
company active
in the European
consultancy field.
The company
offers integrated
business and
innovation services
to the market.
It is specialized
in supporting
companies
during all phases
of business
development
and product’s
commercialization

LIGHTCOCE PARTNERS

The Society serves humanity by advancing the arts and sciences of

HVAC&R and their allied fields and is organized and operated to advance
technology for a healthy and sustainable built environment for all. ASHRAE
pursues partnerships and collaboration through several agreements with
national associations, groups of related professionals, federations and
trade associations; alliances with 33 European individual-based national
associations through the ASHRAE Associate Society Alliance; global alliances
with more than 60 national societies; works closely with REHVA, the Federation
of National HVAC associations in Europe, with CIBSE, The Chartered Institution
of Building Services Engineers, and with the AiCARR ASHRAE Group, the
Italian Association of Air-Conditioning, Heating & Refrigeration; develops biannual work plans with United Nations Environment to implement policies
that enable developing countries to adhere to international protocols and
national regulations governing refrigerant transitions and their energy
impacts; provide comment to regulators at European and national levels,
cooperating with other organizations to provide technical guidance.
Along these lines, the Hellenic Chapter has also initiated a collaboration with
the European Commission through the Directorate-General for Research and

Innovation. On October 21st 2017, the Hellenic Chapter in collaboration with
Dr. Olga Rio Suarez, Research Policy Officer of the European Commission
(DG. Research and Innovation, D3.Advanced Materials and Technologies),
organized a thematic workshop in the field of the use of nanotechnologies
in energy efficient buildings. Several European research project consortiums
in the field of nano and advanced building materials, industrial supply,
production engineering and services, participated and presented their work,
in a parallel session with the “Energy in Buildings 2017” conference.
This year, a similar event is taking place during the “Energy in Buildings
2019” conference. Dr. Ioanna Deligkiozi in collaboration with Dr. Eleftherios
Bourdakis, Policy Officer at European Commission, Unit F2 Sustainable
Industry Systems, are organizing a Workshop entitled “Research and
Innovation in Thermal Storage and Plus Energy Buildings”. The workshop
aims to share advances in the fields of thermal storage, energy plus buildings,
building materials and renovation of existing buildings. Dr. Bourdakis is
contributing to the strategic planning of Horizon Europe, the EU research
funding programme for the period 2021 – -2027 and is also monitoring the
Inter-Service Consultations (ISCs) on Smart Readiness Indicator (SRI) and
Building Renovation Passport (BRP).

ADDRESS

CONTACT INFO

49, 80337

M. +49 1776875856

A. Zenettistraße
München,
46

Germany

T. +49 89 44478609

E. info@axia-innovation.com
www.axia-innovation.com

axia-innovation

HOW EFFICIENT, SUSTAINABLE AND SMART
BUILDINGS AND CITIES CAN IMPROVE RESILIENCE
• Robust: with well-conceived, constructed
and managed systems

Abstract

T

his article presents examples of how
the built environment can be made
more resilient by increasing its efficiency,
incorporating sustainability into the design
and operation and through implementing
smart technologies. The focus here is on
urban areas as a whole, but these in essence
can also be thought of the combined
effect of numerous individual buildings
and infrastructure items. First, we include
a discussion of key challenges for urban
resilience and key factors that are common
to resilient urban areas. Of particular
concern is a city’s energy supply (particularly
electricity), as this is the ‘raw material’
of city life and will become more critical
as the complexity of city management is
transferred increasingly to automated cyberphysical systems. A general description
of resilience challenges that a couple of
example cities face as well as initiatives
they are to taking to address them. One
main theme of this paper is the energyrelated challenges cities are facing, and how
developing a smart-city concept can help
address both resilience and improve overall
efficiency and sustainability. This paper
also highlights some of the commonalities
and differences with respect to challenges
to resilience between the developed and
developing economies of the world.

Introduction and Background
Resilience in the urban built environment
is an increasingly important issue because
of global climate change and increasing
urbanization. To address this problem,
we need a clear understanding of the
concept of resilience in urban systems.
While the focus in this article is primarily
from the large-scale perspective of the
urban environment as a whole, the built
environment can also be thought of the
combined effect of numerous individual
buildings and infrastructure items.
Individual buildings have their own specific
design challenges, but collectively each
building can contribute toward increased
resilience of society. This paper first
presents an overview of urban resilience,
and then review common challenges to that
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TECHNICAL ARTICLE
• Redundant: having space capacity
purposely created to accommodate
disruption

HOW BY ADOPTING

EFFICIENCY MEASURES,

• Responsive: able to deploy emergency
services at the right time and place under
an efficient and reliable emergency plan

SUSTAINABILITY

• Flexible: willingness and ability to
adopt alternative strategies to changing
circumstances

IMPROVEMENTS AND

SMART SYSTEMS WILL

• Inclusive: prioritizing and creating a
broad sense of shared ownership, and

AID IN DEVELOPING

MORE RESILIENCE IN THE
BUILT ENVIRONMENT

AND ASSOCIATED URBAN
AREAS.

resilience. Next, there is a discussion of how
increasing energy efficiency and how smart
building systems and equipment can aid
in developing smart cities, both of which
will aid in increasing overall resilience. A
brief discussion of the resilience challenges
that a couple of representative cities
face, one in a developing and one in a
developed country, and how they plan on
addressing these is then presented. Lastly,
we discuss future trends in the contexts of
smart and mega cities and the barriers to
implementation of smart technologies in
the built environment.

Overview of Urban Resilience
The concept of resilience can be defined as
the “Capacity of individuals, communities,
institutions, business, and systems within
a city to survive, adapt, and grow no matter
what kinds of chronic stresses or acute
shocks they experience” (100 Resilient
Cities, 2018a). The Resilient Cities program
is discussed in more detail later in this
paper. Similar to a person’s medical health,
the built environment and urban systems

DR. TOMAS LAWRENCE
PH.D., ASHRAE FELLOW
PROFESSOR OF PRACTICE
COLLEGE OF ENGINEERING
UNIVERSITY OF GEORGIA
ATHENS, GEORGIA USA

can experience both chronic and acute
problems. For urban systems, chronic
stresses include long-term problems that
weaken the fabric of a city on a day-to-day
or cyclical basis. Example of these include
high unemployment, inefficient public
transportation, endemic violence, air and
water pollution, and chronic shortages
in food, water or energy supply. In a
building, chronic stresses include issues
such as a poorly controlled HVAC system,
uncontrolled air infiltration and poor
indoor air quality. Acute shocks are issues
that happen suddenly, are large scale, and
can threaten many in a city. Examples that
may impact a city or a building include
earthquakes, floods, extreme weather
events, grid failures, disease outbreaks, and
terrorist attacks.
Resilient cities are characterized as being:
• Reflective: in the use of past experience
to inform future decisions
• Resourceful: employing alternative ways
to use resources

• Integrated: bringing together a range of
distinct systems and institutions.

Worldwide Trends
We are now in an era where, in most
countries, major cities are the dominant
force at multiple levels: economically,
politically and socially. It is estimated that by
2050, two-thirds of the world’s population
and over three quarters of global gross
domestic product (GDP) will be located in
urban areas (IEA, 2016). The world’s urban
areas already account for about two-thirds
of global primary energy use and 70% of
energy related CO2 emissions.
The increasing concentration of people and
the overall importance of cities in society
means that the susceptibility to chronic
stresses or acute shocks is also increasing.
Thus, there is a growing recognition of the
need for resilience, particularly in these
urban areas.

Challenges for Urban
Resilience
Several key challenges exist for cities
in regard to resilience and these are in
common in both developed and developing
economies. These include: (a) the changing
climate; (b) air and water quality; (c)
energy supply and consumption; and (d)
transportation.

Changing Climate
Many of the world’s major urban areas
are located at or near coastal locations.
Rising sea levels destroys homes and other

infrastructure, increases the number of
refugees, and exacerbates ethnic conflicts
and national tensions. Some have projected
an additional 250,000 deaths per year
between 2030 and 2050 due to increased
heat exposure, diarrhea, malaria, and
childhood malnutrition. The International
Monetary Fund’s latest World Economic
Outlook report predicts that developing
economies, in particular, will suffer
disproportionately from climate change
and rise in temperatures since they often
are situated in relatively hot climates. Even
the U.S. military considers climate change
a major area of concern in terms of global
stability and security (U.S. DOD, 2015).

Currently, nearly half of the cities in the C40
cohort do not have direct control over their
energy portfolios. The C40 cohort is a datadriven collaboration of over 90 large and
megacities around the world that support
those cities’ in knowledge and methods
at addressing climate change. Urban
energy challenges include the need for:
(a) affordable and reliable energy sources;
(b) meeting a growing electricity demand
while correcting system inefficiencies and
supply shortages; and (c) the eventual
decarbonization of the energy supply. It is
important to note also that these challenges
are common to both developed and
developing economies.

Air and Water Quality

The lessons from 2017 hurricane season
in the Caribbean should serve as a wakeup
call for all. Many of the islands experienced
devastation of their electrical grids, and it
took Puerto Rico roughly nine months to
restore power across the island, although
the grid there is still fragile and susceptible
to future disruptions.

The concentration of people, industries and
transportation within urban areas leads
to the potential for deterioration of air
and water quality. Most of the developed
economies have done a relatively good
job of addressing the need for clean air
and water through implementation of
regulations and pollution control measures,
generally after first suffering the effects of
pollution. However, cities in developing
economies, particularly in the global South,
face growing issues of poor air and water
quality. Note that the term “Global South”
is a one often given to developing countries
in Africa, Latin America and Asia, regardless
of their position in the northern or southern
hemispheres. Megacities in South Asia have,
on average, over twice the concentration of
PM2.5 air pollutants (particulates less than
2.5 microns) relative to their counterparts in
the global North. For example, Delhi has an
average particulate contamination of over
seven times that or New York or London. The
recent extreme air quality events around
Delhi demonstrate the short term economic
and social impacts of poor air quality, with
the closure of schools, restrictions on traffic,
and incoming airline flight cancellations.

Energy Supply and Security
Energy security represents a significant
threat to cities. A fossil-fuel intensive path of
growth, as was done in the global North and
developed economies, is not a viable future
direction for the developing economies.

Transportation
An efficient transportation system that is
able to withstand disruptions is vital to the
overall resilience of a city. This, unfortunately,
is a common weakness area for cities
in general, and often more likely so in
developing economies. The transportation
systems and issues experienced in most
developing economies are a significant
hindrance to economic growth as well as a
major contributor to air pollution problems.

Impact of Increasing Energy
Efficiency of Building Systems
on Resilience
By 2050, urban building energy
consumption is projected to increase by
70%, and much of that increased demand is
projected to come from cities in developing
economies. The good news is that cities
also represent the location of most of the
cost-effective CO2 emissions abatement
potential in the coming years, so an
increased focus on energy efficiency in the
built environment is vital. In commercial
buildings, heating, ventilation and air
conditioning (HVAC) systems typically
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represents approximately 50% of the
building’s total energy consumption.
Improving the building envelope and other
energy-efficiency upgrades could reduce the
overall urban cooling demand significantly,
but that may be somewhat negated by
a the increased adoption of building air
conditioning, particularly in developing
economies like India, but also in Europe as
the effects of a warming climate take hold.
It is apparent that there is an increased need
to focus on energy efficiency in buildings,
and not just on HVAC systems. We can
increase the overall resilience of our urban
areas by giving a renewed focus on energy
efficiency in the design and construction
of new buildings, as well as improved
operation and maintenance practices
that will allow existing buildings (and the
newly built ‘more efficient’ buildings) to
use energy wisely. A building with high
levels of energy efficiency means that
there is reduced demand on the energy
distribution systems (electric power,
natural gas, etc.). This decreases stress on
those energy networks and also helps the
networks recover faster from disruptions.
Lower energy consumption also means that
there are lower energy costs to the building
ownership and its local community in all
times; this can help contribute to a stronger
corporate and local economy. Lower energy
costs also mean that there should be
more economic resources available for the
building owners to improved resilience
measures in that building.

How a Smart Built Environment
Helps Increase Resilience
Smart features are being built into individual
equipment, building management systems,
local management (such as microgrids and
public communications) and up to the city
and regional/country level. This section
outlines how smart technologies can help
increase resilience.

Individual Buildings and their
Equipment
Smart buildings and their equipment can
help protect from damage or other harm
(such as a cyberattack) by monitoring
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their operation patterns and possible
coordinating via cloud-based or other
communications. The interconnectivity
is a two-edged sword however; it adds
to potential vulnerability from intrusion,
but also gives tools for helping to fight
those intrusions and other disruptions.
The building systems can be designed to
automatically shift into ‘safe’ or ‘shelter-inplace’ mode given input signals from the
building operations or local emergency
management systems, or perhaps through
their own monitoring and detecting
problems as they occur. Fault detection and
diagnostics built into the equipment and
control systems will help maintain operation
in the event of problems or events. Smart
system may also help provide some level
of redundancy as well as flexibility in
their operations; both of these are key
components that add to overall resilience.
Care must be given however to not make
the building systems so complex such that
the operations staff need an engineering
degree just to keep the systems operating.
Operation of a smart building should also
allow for input from the building occupants
and for methods of communicating with,
and providing instructions to, the occupants
in the case of an event.
One final topic to discuss here is the concept
of ‘future-proofing’ a building. The basic
concept of future-proofing is to design a
building and its systems by anticipating
what the future needs and operating
conditions will be like. This is to ensure that
the building will not become obsolete or
unworkable in a different future. By nature,
future-proofing the built environment
will mean adding to its overall resilience.
Examples of items to include in futureproofing a building could include designing
for:
• anticipated climate changes in
temperatures and rainfall patterns
• more extreme weather events or other
natural hazards
• potential material or energy shortages
• changing population demographics
• flexibility in adaptive reuse of a building

• potential future installations of
(additional) on-site renewable energy
systems, energy storage and a changing
transportation structure that may rely on
electric vehicle charging stations.
The idea of future-proofing requires a
consideration of the long-term events and
situations that, unfortunately, has not been
the focus of many commercial building
designs to date.

Smart Grids and Microgrids
Although technically beyond the scope of
any one individual building, collectively
buildings can interact with and through
the grid to help maintain functionality
in the event of compromise or damage.
Even something as simple as having
smart meters installed at a building allows
for an additional method to maintain or
restore grid integrity. For example, utilities
have reported that they have been able
to respond to and restore service more
rapidly in situations such the aftermath of a
major storm event using the smart grid. By
monitoring inputs from the smart meters,
utilities are provided with a detailed look
at exactly where the power is down and
more efficiently route service responders
accordingly. This was evident with the
recovery efforts from Hurricanes Harvey and
Irma in the United States in 2017. In both
cases the utilities reported improved time to
restore service due to the implementation
of smart grid technologies (Britt, 2017). For
example, in September 2017 the remnants
of Hurricane Irma passed through the
heart of the state of Georgia, and at one
time roughly 70% of the state was without
power. By using feedback information from
the smart meters that had been installed
state-wide, Georgia Power estimated that
full power was able to be restored 1-2 days
sooner that if the smart meters were not
installed.
Smart grids also enable coordinated
demand response programs, which in the
event of a grid threat or damage could be
expanded in scope to reduce grid strain and
thus improving the chances of maintaining
grid integrity through the event or in the
cleanup after the event.

TECHNICAL ARTICLE
Examples of Resilience
at the City Level
This section provides a couple of examples
of efforts made to improve urban resilience,
one each in a developing and a developed
economy. We base this discussion on
cities that have been selected to be part
of the 100 Resilient Cities Program that is
described below.

The 100 Resilient Cities
Program
The 100 Resilient Cities (100RC) program
was pioneered by the Rockefeller

Foundation to help cities around the world
improve resilience to physical, social and
economic challenges of 21st century. The
100 cities were selected by a panel of
expert judges, who reviewed over 1,000
applications from prospective cities. The
judges looked for innovative leadership,
a recent catalyst for change, a history of
building partnerships, and an ability to
work with a wide range of stakeholders.
Through this program, selected cities
receive financial and logistical guidance for
establishing an innovative new position in
their city government, a Chief Resilience

FIGURE 1 – PRIMARY 100RC STRESSES AND SHOCKS (100 RESILIENT CITIES, 2018B)

Officer, who would be expected to lead
the city’s resilience efforts. Selected cities
also receive technical support to develop
a holistic resilience strategy that reflects
its distinct needs. Each city also receives
access to a platform of private sector and
non-governmental organization services
to support their strategy development
and implementation (100 Resilient Cities,
2018a).

Example from a Developing
Economy - Chennai, India
Located on the coast of India’s southernmost
state of Tamil Nadu, Chennai experiences
chronic and acute shocks ranging
from aging and failing infrastructure
and economic inequality to frequent
hurricanes, typhoons, and cyclones. As the
state’s capital, Chennai experiences rapid
urbanization and is the fourth largest city
in India (100 Resilient Cities, 2018c). It had
a population in 2018 of 10,705,000 that is
projected to increase at an average annual
growth rate of approximately 3% (World
Population Review, 2017a). Between 1998
and 2008, the city saw 6% to 17% annual
road traffic growth and pedestrian volumes
ranging from 4,200 to 1,200,000 during
peak hours (Greeshma & Kumar, 2016).
The Greater Chennai Corporation recently
identified priorities in improving water
systems, governance, civic engagement,
service delivery to vulnerable and lowincome groups, and finance for building
programs (The Times of India, 2018).
The Tamil Nadu Energy Development
Agency pioneers energy efficiency
and renewable energy projects - from
mandatory rainwater harvesting and solar
heating systems in large commercial
buildings. Bharat Sanchar Nigam Ltd., the
state-owned telecommunications company
headquartered in New Delhi, requires all
its telecom buildings to include optimal
lighting and air conditioning systems.
In 2007, the Indian Bureau of Energy
Efficiency (BEE) established the first
country-wide energy conservation building
code (ECBC) for commercial buildings
to be implemented at the state level
(GBPN, 2013). In 2012, the Tamil Nadu
Electrical Inspectorate (TNEI), Chennai
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Municipal Development Authority, the
local pollution control board, and other
organizations began adopting the ECBC
into their municipal codes.

Example from a Developed
Economy – Barcelona, Spain
Barcelona is a city of over one and a
half million people located on the
Mediterranean Sea. The city has suffered
from a series of failures in its infrastructure
of late, including transportation lines and
power outages. The city has responded
by promoting renewable energy sources,
increasing public transportation options
and shifting to electric vehicles for
the city’s automotive fleet. In addition
to addressing the transportation and
power challenges, these responses will
also reduce the associated air and noise
pollution impacts. (100 Resilient Cities,
2018d).

Making Cities and the Built
Environment Smart
Cities face two major problems in
addressing the challenges of resilience:
urbanization and global climate change.
For urban areas, the catch-all phrase is
‘smart city.’ The general notion of a smart
city is the application of technology,
principally information technology, to
address the range of problems it faces.
However, technology should only be
thought of a complement to initiatives
such as policy development and
effective management. To see the smart
city agenda more broadly, we need a
comprehensive organizing framework
for understanding the possibilities.
A smart city puts people and
communities first. It must meet the short
and long terms needs of its residents.
For example, a city needs economic
investment that creates jobs that enable
social progress for many of its citizens.
We must also keep in mind that a city
is a self-organizing ecosystem, such that
all initiatives take place in a dynamic
market. Self-organizing ecosystems are
resilient and, all things being equal,
are more suitable for handling change
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than a hierarchical, centrally controlled
economy. Self-organizing ecosystems are
also inherently smarter than hierarchies
because they are a collection of minds
solving daily problems they understand
intimately.

Barriers (and Opportunities)
to Implementing Smart
Technologies
There are significant hurdles to overcome
in the implementation of smart
technologies to create the smart buildings
and cities that will help build resilience.
These barriers exist in developed as well
as developing economies, although
developing economies may find these
more difficult to overcome due to more
limited resources. The primary barrier
would be economic; finding the funding
sources to invest and implement the new
technologies. After that, if these smart
features also cause additional recurring
costs, that may mean higher rate tariffs
are needed, which can strain customer
budgets. That funding is needed for
the advanced communications and
information systems processing that
smart buildings and developing smart
cities require. There is also a need for
other supporting infrastructure, such
sensing networks and other information
gathering systems to collect the data
needed to become ‘smart’.
Some of the smart technologies can be
implemented behind the scenes and
out of view of the building occupants
and residents of urban areas. However,
other aspects may rely on interaction
by the occupants or residents, so one
other barrier is the need to communicate
how the smart technologies work, to
encourage participation in the smart
systems when needed and to educate
all about the potential benefits of having
those smart technologies (so as to gain
public support for funding and overall
acceptance).
For some aspects of smart technologies, a
developing country can perhaps skip the
intermediate technology steps that were

taken in the developed countries. For
example, in the case of the electrical grids,
developing countries tend to be focusing
on including smart technologies.
There is also a recognized need, or
opportunity, for implementing smart city
technology in developing economies. For
example, some in India feel that smart
technologies are needed to help avoid
some of their cities from being unlivable
(Chatterjee and Kar, 2015).

Discussion
and Conclusions
Resilience is not a new goal for cities.
They have survived, in some cases for
thousands of years, by continually
adapting to changing natural and
human events. The difference today is
in the scale of cities’ overall impact on
people, on local and global economies,
and on our entire planet. Three items
need to be highlighted. First, cities are
now much larger and are continuing
to grow because of the attractions and
economic benefits of urban life. Second,
cities require massive inflows every day
of food, water, and energy to function. At
the same time, long and broad supply
chains are more susceptible to disruption
because they have many interrelated
components. Third, global climate
change is increasing the likelihood of
more extreme weather events, while sea
levels are rising. Many major cities are
on or near coastlines, making them even
more vulnerable.
This article outlined how by adopting
efficiency measures, sustainability
improvements and smart systems will
aid in developing more resilience in the
built environment and associated urban
areas. This interaction is illustrated in
Figure 2.
Nearly every city is taking multiple
actions to increase resilience by working
on being more efficient, increasing
sustainability and being smarter. The
challenge for industry, government and
academic researchers is to learn from
each of these many actions to synthesize
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what works under what circumstance and
disseminate best practices. The 100RC
project is a model for this, and it can be
augmented by scholars across a range of
fields. For example, engineers can study
how the Internet of Things makes the
built infrastructure more energy efficient.
There can also be regional integrated
research projects that, for example, study
major cities and create mechanisms for
effective sharing of knowledge among
them. Most importantly, cities need
to recognize that their energy supply
is the foundation of resilience. We are
highly dependent on energy to operate
water and food supplies. Stable and
inexpensive energy enables a city to
meet many of its citizens needs and
can attract economic activity. The grand
resilience challenge for cities is to convert
from fossil to renewable fuels, to combat
global climate change, and in parallel
to craft a green energy supply system
that enhances resilience. Buildings and
the built environment can incorporate
measures that improve their efficiency
as well as overall sustainability, thus can
be a significant contributor to the overall
resilience of cities worldwide.

FIGURE 2 – THE RELATIONSHIP OF EFFICIENCY, SUSTAINABILITY AND SMART SYSTEMS FOR IMPROVED RESILIENCE
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IAQ THEN AND NOW: WHY WE VENTILATE
airflow to maintain thermal comfort in the
mound (Turner 2000, 2002). In the animal
world, mammals that live in underground or
animal-made shelters have engineered their
shelters in a similar way.

INTRODUCTION

C

oncerns about “bad air” and efforts
to improve indoor air quality may have
been around since the beginning of time.
Before there were buildings, humans were
ventilating their shelters to improve the
quality of their environment. Early humans
understood better than we do today that
bad air was principally a problem of the
indoor environment and that ventilation
could mitigate these problems. While
the built environment of hominoids has
changed substantially over the past 10,000
years, their biology has not; poor indoor
air quality creates health risks and can be
uncomfortable.
Every HVAC professional knows that good
indoor air quality cannot be achieved
without proper ventilation. Intuitively
most of us understand that the purpose of
ventilation is to dilute indoor contaminants.
As engineers we need to determine how
much air is necessary for this task. For
many building types, the ventilation rates
are determined by codes, standards or
guidelines (e.g., ASHRAE 62, etc.). For
buildings not covered by these standards,
engineers may need to base their designs
on what has worked in the past for similar
buildings. As buildings and their uses
change, or for special situations, designers
may need to go beyond these parameters
to provide for adequate indoor air quality.
Whether working with established
codes or starting from fundamentals,
an understanding of why we ventilate
buildings is required.
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records and building and animal research
provide several examples of how shelters
and houses were built to accommodate
ventilation and improve indoor air quality.
Probably the first and still most robust
ventilation designs may be credited to
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the colony builders of the insect world.
Bee colonies use wing power to regulate
pollutants and airflow in their hives. The tall
termite mounds built by the Macrotermes
natalensis termites are highly engineered
with a series of conduits and arteries that are
continuously modified by the elements and
termites alike to use wind-driven ventilation

A HISTORICAL PERSPECTIVE
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Heat
A “pollutant” that was quickly recognized
as a problem was excess heat. Ancient
architectural approaches included creative
and innovative ways of keeping out, keeping
in and getting rid of heat. Ventilation, in the
guise of ventilative cooling, has long been
used as a means to remove excess heat from
buildings. The early Egyptians developed
handheld fans to move air, and some of the
earliest buildings of the Minoan period show
sophisticated designs for passive ventilative
cooling. Even though the 20th century
brought mechanical cooling technology
to the developed world, passive cooling
technologies are still quite important. On
the flip side, over-ventilating during cold
weather can cause comfort and possible
moisture-related problems.

Combustion

To provide an understanding of the
important factors to be considered in
determining how to ventilate buildings
today, this paper will discuss why and how
buildings have been ventilated over time
and how ventilation standards have evolved
to provide adequate indoor air quality in
homes.
Throughout time, man and beast have
either put up with their existing indoor
environments or made changes to
improve their environments. Archeological

Over time, the human race has found
that it is essential to manage the indoor
environments of their homes. The earliest
human-related indoor air quality problem
may have been caused by the discovery of
fire and the subsequent use of fires inside
stone-age dwellings. The specific driver for
ventilation has changed over time, but has
usually been associated with a particular set
of pollutant sources that are causing health or
comfort problems. Historically, these sources
have been heat, combustion, people and
their activities, and the buildings themselves.

TERMITE MOUND

One of the earliest reasons to ventilate the
indoor environment—and one that is still
with us today—is to remove the products of
combustion used for heat, light or cooking.
Early man undoubtedly quickly learned that
if he brought fire inside he needed to also
get the smoke out. Various approaches were
developed, from source control to exhaust
ventilation. In 4000-5000 BC, the Banpo
villagers in China incorporated chimneys into
their homes (Li and Jones 2000). Early Roman
houses had vent holes in the middle of their
flat roofs to vent smoke out of the living

quarters. The basket weaver’s pit houses
found in Mesa Verde National Park, circa 750
AD, use this same approach (Wenger and
Wilson 1991). The Anasazi Pueblo Kiva used
ventilation shafts and exhaust openings to
provide combustion air, ventilation air and
exhaust combustion products. Flaps and
smoke holes in Native American tipis were
designed to be re-positioned as needed to
control airflow and exhaust smoke from their
fires (Laubin et al. 1977).
Combining ventilation with combustion,
the Romans (3rd century BC) developed the
hypocaust heating system. These systems
were originally used to heat public baths
and then modified to heat larger buildings
(Donaldson and Nagengast 1994). The
hypocaust was a pre-cursor to the heating
and ventilation systems integrated into
buildings in the late 1800’s. Outside air
enters the hypocaust, gains heat from a
fire, is channeled through an under-floor
series of channels that leads to channels
in the walls, and is finally vented back
outside (Dobson 2002). The systems built
in England in the late 1880’s used a similar
approach but also supplied outside air to the
building. In the House of Commons, outside
ventilation air is pulled over steam pipes in
a heating chamber and is then ducted into
the building. Exhaust openings in the upper
reaches of the building provide a stack effect
to pull air through the building (Donaldson
1984 and Cook 1998).
These approaches were later expanded upon
by Desaguliers addition of rotary fans in the
early 1700s (NY 1923). Electric-powered
fans entered the fray in the late 1800’s and
early 1900’s after Faraday’s invention of
the electric motor in the 1830’s and Diehl
developed electric fans (Hansen 2003).

People and Their Activities
People’s daily indoor activities can generate
a variety of airborne contaminants. The types
of activities and contaminants have changed
over time, however the health impacts must
be taken into account. From infrequent
bathing (some cultures prized odor as a status
symbol) to the inadequate or non-existent
waste systems, homes were probably quite
odorous. Early Egyptians used perfumes

to mask odors. While human bio-effluents
may be unpleasant, poor hygiene can
increase the likelihood of airborne disease
transmission. Pollutant and particulate
generation can also cause health problems
in the indoor environment, as determined
early on by the Egyptians. They compared
the health problems of different stonecutters
– those working inside had higher rates of
respiratory problems than those working out
of doors (Lord 1986, Woods 1988). Modern
workers are more likely to be exposed to
volatile organic compounds.

Building Sources
Early living quarters offered a rudimentary
level of protection from the elements,
roaming creatures and foes. Caves, overhangs
and natural materials (trees, stone, clay and
animal skins) were used to build shelters.
These shelters often had sturdy doors and
small openings to the outside to prevent any
unwanted creatures or enemies from coming
in. This meant that it was difficult to bring
in enough outdoor air to dilute any indoor
pollutants and homes were often smoky.
Sanitary conditions were often quite poor,
providing direct contamination and a growth
medium for microorganisms.
In 1631, after finding that indoor conditions
were causing health problems, King Charles
I decreed that the ceilings in houses must be
ten feet high or greater and that windows
must be higher than their width to allow
for natural ventilation. These improvements
were slowly implemented into the British
building stock. Implementation was
hastened only when the great London fire
of 1666 destroyed many of the inadequate
houses and made the way for construction
of larger, better ventilated houses with
chimneys, fireplaces and large windows
(NY 1923). This trend towards better air
quality, however, was suddenly thwarted and
possibly reversed when citizens decided to
board up their windows to avoid the chimney
and window taxes of the early 1700’s.
As time went on, buildings became more
complex. The more recent energy crisis of
the late 1970’s led to tighter construction
and reduced ventilation standards. As
modern products were developed, their
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constituent emissions became more and
more of a problem in the home and the
indoor environment. Building materials emit
pollutants such as formaldehyde or other
VOCs. Cleaning, painting, and maintenance
activities can also be sources of pollutants,
but all of these sources can be treated as
independent components or activities.
There are also times when the more-or-less
normal operation of a building can create
unexpected contaminant generation.

TODAY’S PERSPECTIVE
In the last quarter of a century the western
world has become increasingly aware of
environmental threats to health and safety.
People are more aware of environmental
toxins, including pesticides, smog, lead,
oil spills, dioxin, etc. During the latter parts
of the 20th century people psychologically
retreated away from the hazards outdoors to
the seeming security of their homes. As has
become more apparent over the past few
years with issues such as mold, sick-building
syndrome and formaldehyde, the indoor
environment is not always healthier than the
outdoor environment.
A look at past ventilation and indoor air quality
issues provides insight into today’s issues
that might otherwise be overlooked. With the
exception of overheating control, ventilation
has always been about health. From batches
of bad air, to pestiferous parliaments, to
concerns over consumption, regulations and
recommendations for ventilation have been
driven by health concerns. Not surprisingly,
it has been ASHRAE’s position (2001) to
consider health impacts when setting criteria
for indoor environments.
While increasing ventilation rates is often
the first line of defense, source control has
always been recognized as the best line of
defense. The history of combustion processes
changing from open and dirty to sealed and
clean combustion is an example of this. The
ASHRAE position follows this trend by stating
that source control is the most effective and
preferred method of providing good indoor
air quality in most cases.
By the middle of the 20th Century we had
made major strides in controlling the sources
of poor indoor air quality. Many of the
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infectious diseases had been eliminated as
a major concern by improved sanitation and
hygiene as well as advances in the medical
field (and a decrease in occupant densities).
The best thinking of the time was that source
control had been sufficiently successful that
the biggest demand left for ventilation was to
control the irreducible emissions of human
bioeffluents.
Unless infectious, human bioeffluents are
not a health hazard. They do, however,
produce odors that can be unacceptable.
The emission and acceptability of human
bioeffluents can be and have been well
studied. Since the early 20th century, the
general assumption has been that if one
ventilates to control human odors, there will
be enough ventilation to control the health
effects from other contaminants.
Implicit in this approach is that we have
taken sufficient care to reduce emissions
of any contaminant below the level of
concern. Turning that around, an operational
definition of a low-emission source is one
that would not expose people to contaminant
levels of concern when the ventilation rate is
that needed to control human odors.

Today’s Sources
Given that changes have happened to
buildings, materials and systems over the
last quarter of a century it is important to
revisit this assumption to see if it is still
robust. Sources which may have been special
cases or non-existent may be more common
today. It is worth examining a few of the more
common types of sources, other than people
themselves.
Combustion: Combustion for cooking,
space heating and water heating is still a
part of most buildings - but the combustion
by-products are usually directly controlled
rather than being handled by ventilating the
building. Most combustion equipment is
either sealed from the building or has venting
that, when operating properly, removes the
by-products before they mix into the indoor
air. Some sources of combustion by-products
may still remain – some examples include
environmental tobacco smoke, automobile
exhaust (e.g. from attached garages), ventfree heaters, decorative gas appliances and

un-vented cooking equipment. Backdrafting
and malfunctioning equipment can create a
source when none previously existed.
Microbiologicals: Historically, biological
contamination was caused by poor hygiene
and sanitation, and was linked to disease.
Improved health care, sanitation and
ventilation has reduced disease transmission.
Today’s biological indoor air quality
problems are more concerned with the
molds and fungi that can grow on building
materials and in systems. Ventilation is not
particularly effective at reducing exposures
to airborne microbiologicals, but it can be
part of maintaining the moisture balance
that is critical to retarding or enhancing mold
growth. In terms of moisture, ventilation
can either be a source-control mechanism
or a source, depending on the indoor and
outdoor conditions.
Radon and Soil Gas: Buildings with
substantial ground contact can be exposed
to contaminants in soil gas through cracks
or leaks. Such soil gas can contain toxics
from pesticides or sewer gas, but the highest
profile pollutant in this category is Radon. This
radioactive, noble gas can have long-term
health impacts at very low concentrations.
Pressure control and air tightening are far
more effective mechanisms at controlling
exposure to soil gas than is ventilation.
Particles: Particles can be generated by
combustion, can come from outdoors, or
they can be generated from indoor sources
such as pets, construction activities, or
material degradation. Poor cleanliness can
exacerbate airborne particles. Particles may
be simple irritants, but also can cause allergic
reactions (for example, pet dander) or may
contain toxic materials (for example, lead).
Ventilation is not particularly effective at
reducing particle concentrations, but source
control or filtration can be (Sherman and
Matson, 2003).
Volatile Organic Compounds: VOCs are
compounds that have been indispensable in
modern life. Such products as paints, stains,
varnishes, solvents, pesticides, adhesives,
wood preservatives, waxes, polishes,
cleansers, lubricants, sealants, dyes, air
fresheners, fuels, plastics, copy machines,

printers, tobacco products, perfumes, and
dry cleaned clothes emit VOCs. Source
control for many of these compounds
requires changes in production or use of
the associated product. While such source
control is an on-going effort, modern
buildings today are typically filled with a
low-level of a broad spectrum of VOCs that
must be controlled by ventilation.
If we consider pressure management and
exhaust ventilation as forms of source
control, then the only category—other than
bioeffluents—that must be handled by
building ventilation is VOCs. One interesting
aspect of this result is that the need for
ventilation does not tend to scale directly
with the number of people, but rather with
the amount of the products in the building.
As such, the need for ventilation scales with
building size. Modern homes and offices
tend to have a relatively low population
density and an increasing amount of material
that can emit VOCs. As a result it can be more
important to ventilate to control VOCs than
to control human bioeffluents, especially in
low-density spaces.
Determining the VOCs of concern and the
associated ventilation requirements requires
an examination of the materials and products
expected to be present and can vary greatly
in different building classes. For example,
Sherman and Hodgson (2002) have done
such an examination for formaldehyde in
homes. Formaldehyde is one of the most
common VOCs found indoors and is also
one of the most studied. They found that the
ventilation required to dilute formaldehyde
to acceptable levels was substantially
larger than that needed to control human
bioeffluents for typical occupancies.
Outdoor Air: Using ventilation
to control contaminants presumes that
outdoor air will be of high quality. In
many, particularly urban, environments this
assumption is questionable. Ambient ozone
and particulate levels can be chronically
problematic, in which case filtration and air
cleaning may be the only option.
While each of these sources can be a
significant issue, it is important to prioritize
them across the broader population. Logue
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et al. (2011) used the concept of Disability
Adjusted Life Years (DALYs) to do such a
prioritization. Their results were that by
far the most important contaminant was
particulate matter. Next were the two VOCs
formaldehyde and acrolein. (Acrolein is a
highly irritating compound that is produced
in small quantities from incomplete
combustion.)
Radon, environmental
tobacco smoke, mold and ozone were not as
significant across the population, but could
be dominant in certain sub-populations.

STANDARDS
The development of modern day ventilation
codes, standards and guidelines owes its
start to the fact that English Parliament stank.
More precisely, the Parliament of the 18th
century was “foul, rancid, or pestiferous”
(Donaldson 1984), despite the circa 1734
addition of ventilation fans to Sir Christopher
Wren’s passive ventilation design. When
Parliament burned down a century later a
committee was formed to see that the new
Parliament would be properly ventilated.
Using a perforated floor distribution system
over an under-floor supply plenum, Reid
designed the new ventilation system coupled
with the building’s heating and ice cooling
system. A tall exhaust tower provided stack
effect to ventilate the building (NY 1923).
This work fueled the continuing discussions
regarding how much ventilation is needed.
Working with standards and codes
assumes that there is some sort of scientific
underpinning. The written history of the
science of ventilation and indoor air quality

dates back to the 17th century with Mayow’s
experimentations with air or “igneo-aerial
particles of the air” requirements for
maintaining flames and animal life in a small
chamber (Mayow 1926). A hundred years
later, Lavoisier identified Mayow’s “igneoaerial particles” as CO2 and concluded that
excess CO2 caused stuffiness and bad air
sensations (Janssen 1999).
Tredgold was one of the first to come up with
quantitative ventilation recommendations.
He based his four cfm/person
recommendation primarily on the dilution
of carbon dioxide (CO2) and water generated
by people. The calculations used were quite
crude, but represented the state of the art
of the time. Reid recommended ten cfm/
person. The New York State Commission on
Ventilation (NY 1923) and Klaus et al. (1970)
both document a steady rise in ventilation
recommendations over the next half century
as theories are further refined and the need
to reduce contagion (mostly tuberculosis) is
increased.
By the 1880s, the general consensus was that
proper ventilation required 30 cfm/person
and 22 states had this value prescribed by
law by 1925 (Janssen 1999). After the turn
of the century, research was beginning to
question the need for such high rates. With
improvements in sanitation and hygiene
reducing the need for ventilation to control
contagion, the rationale for ventilation began
to shift towards odor and comfort. Yaglou’s
research in the early 20th century used roomsized chambers and calculated how much
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airflow would be needed to keep people
comfortable. This research served as the basis
for American ventilation standards.
Janssen (1994) reports how the consensus
ventilation rate dropped over the next
half century, principally based on the odor
acceptability work of Yaglou and others.
ASHRAE’s first ventilation standard, 621973, reflected this philosophy and typically
recommended 10 cfm/person (varying by
space type). The subsequent revisions to
the standard were marred by controversy as
different rationales were applied [see Stanke
(1999) and Janssen (1999)].
In 1996 ASHRAE decided to split residential
occupancies from commercial and
institutional ones. Starting in 2004 and
every three years thereafter, standard 62.1
(commercial and institutional) and 62.2
(residential) have been published.
Professionals are bound by the ethics of
their profession and that includes making
appropriate use of professional standards.
HVAC professionals, therefore, must consider
standards such as 62 when dealing with
ventilation and IAQ. Best practices, by
comparison, are things to consider and
to strive for, but go beyond the minimum
standard of care. Current ASHRAE policy
is that standards such as 62 represent
minimum requirements and are not
necessarily best practice (Sherman 2004).

SUMMARY
We ventilate our buildings to provide a
healthy indoor environment. The ventilation
guidance of the late 20th Century assumed
that controlling odors—which are primarily
caused by human bioeffluents—would have
the desired effect of controlling otherwise
unavoidable contaminants as well. Improved
source control related to combustion,
particulates, moisture, etc. would take care of
the rest of the contaminants. These improved
source control measures justified the drop in
recommended ventilation rates from 30 cfm/
person to a third or a half of that.
To a great extent this strategy was successful.
As the amount of new products and
materials increases in our buildings and as
the occupant density of most building goes

down, however, it becomes necessary to
ventilate for contaminant sources that are
related to the building—even when improved
source control is used. Breakdowns in source
control strategies (e.g. backdrafting, wetroom exhaust, smoking, improper drainage,
etc.) are often found to be responsible for IAQ
problems.
From an energy standpoint it would be best
to keep minimum ventilation requirements
as low as possible. Since controlling human
bioeffluents is not currently a practical
alternative, there is an ostensible floor. To
keep minimum requirements at that level
requires an understanding and control of
the contaminants of concern such as VOCs.
If such control methods are not available,
ventilation becomes what it has always
been—the control measure of last resort.
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BUILDING ENERGY USE IN U.S.
& EUROPEAN REGION XIV

TECHNICAL ARTICLE

Buildings are responsible for ∼40% of

global primary energy use and about onethird of global greenhouse gas emissions.
In Europe, residential buildings dominate
the European building stock, representing
∼25% of the final energy consumption
in the European Union (EU), while nonresidential buildings are responsible for
∼13% (Figure 1), with similar figures for the
United States and other parts of the world
[1]. The improved performance of existing
buildings is a key strategy for reducing
energy use and greenhouse gas emissions.
In Europe, the new energy rulebook – called
the Clean energy for all Europeans package
(https://ec.europa.eu/energy/en/topics/
energy-strategy-and-energy-union/cleanenergy-all-europeans) is placing the EU on
the right path to decarbonise its economy in
the second half of the century and to deliver
on the EU’s Paris Agreement commitments
for reducing greenhouse gas emissions.

LOOKING INTO THE

FUTURE, THERE IS A

NEED FOR MORE WORK
ON GAINING A BETTER

UNDERSTANDING OF THE
ACTUAL ENERGY USE IN
BUILDINGS.
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FIGURE 2. SHARE OF TOTAL EUROPEAN DWELLINGS AND U.S. HOUSEHOLDS AND COMMERCIAL BUILDINGS BY

systems, which follow suitable procedures
in order to collect adequate information
about the building.

FIGURE 1. FINAL ENERGY USE BREAKDOWN IN THE EUROPEAN UNION AND THE UNITED STATES. MTOE:
MILLION TONNES OF OIL EQUIVALENT (1 MTOE = 39.683 MBTU = 41.868 GJ = 11,630 KWH).

The Energy Performance of Buildings
Directive (EPBD 91/2002, 31/2010 and
its latest recast 844/2018) continues to
provide a comprehensive framework for
improving the energy performance of
buildings. In line with EPBD, over the
past couple of decades the EU countries
have set minimum energy performance
requirements for new constructions and
major renovations, place an emphasis on
the holistic assessment of energy behavior
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throughout the building’s life cycle towards
nearly zero energy buildings (as of 2019
for public buildings and as of 2021 for all
buildings), develop policies to encourage
the renovation of existing buildings to nZEB
levels along with measures to stimulate
cost-effective major building renovations.
Among other notable efforts for revealing
the characteristics of existing buildings
are the on-going efforts for issuing energy
performance certificates that are rented out
or sold, along with inspections of HVAC

The EU legislation on Ecodesign and
Energy Labelling is an effective tool
for setting minimum energy efficiency
requirements of equipment and products
(e.g. boilers, chillers, HPs, pumps, fans,
lamps, household appliances, information
and communication technologies, but
also building products and materials)
that reduce energy use and resource
consumption (https://ec.europa.eu/growth/
industry/sustainability/ecodesign_en).
It helps eliminate the least performing
products from the EU market, significantly
contributing to the European energy
efficiency targets. It also supports industrial
competitiveness and innovation by
promoting the better environmental
performance of products throughout the
internal market.
While new buildings are constructed
according to more strict energy codes, it is
the older (millions of existing) buildings

CONSTRUCTION PERIOD. (DATA SOURCE: ENTRANZE, FOR EUROPEAN DWELLINGS; DOE, FOR U.S.).

that predominantly have a low energy
performance and, therefore, are in need
of a renovation in order to lower their
energy operating costs, improve the
indoor environmental quality (IEQ) and
well-being of occupants. Several European
policies and national legislation, along
with technical advances and improved
system and equipment performances,
have contributed to the efforts to curb
the escalation of energy use in buildings.
Europe is focusing on a sustainable built
environment in order to move away from
the linear economic model of ‘take, make,
and waste’ and towards resource efficiency.
As a result, the built environment is a key
objective of the EU policies for a circular
economy, i.e. a system that minimizes the
consumption of resources and energy.
The effort is to improve energy efficiency
in the building sector and to increase the
exploitation of renewables in order to
tackle environmental concerns deriving
from energy consumption of fossil fuels

and to support self-sufficiency and energy
security in accordance to the European
2020 Strategy and the new plan towards
2030 and 2050 (https://ec.europa.eu/
energy/en/topics/energy-strategy-andenergy-union).

Residential buildings
In the EU, there are more than 216 million
dwelling units and residential buildings
represent about 75% of the 25 billion m2
total building floor area, while the projection
is that by 2030 this number will grow to
∼241 million. About 68% of the European
residential buildings were constructed before
the 1980s and the widespread adoption of
energy building regulations (Figure 2). By
almost any measure, most of these homes are
not properly thermally insulated, have poorly
performing fenestration with significant
envelope air leakage, need upgrades to all
HVAC components and delivery systems,
and contain outdated and inefficient lighting

systems when compared to today’s energy
codes.
Deriving relevant benchmarks from public
databases in Europe (e.g. Eurostat, EU
building stock observatory, Odysee-Mure)
and the U.S. (e.g. RECS-Residential Energy
Consumption Survey, ASHRAE) should be
handled with caution, since there may be
inherent deviations in the reported data
for different energy end-uses or statistical
definitions that may lead to discrepancies.
One commonly used key performance
indicator is the energy use intensity (EUI)
that is defined as the energy use per unit
floor area (kWh/m2). In Europe, the final
energy use intensity for residential buildings
(Figure 3) averages 242.5 kWh/m2. The blue
vertical lines represent the range of annual
fluctuations for the period 2008-2015
(the energy use values are adjusted to the
average climate conditions in each country)
and the horizontal line is the EUI mean
value. The large EUI range reveals significant
differences in some cases.
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The black circles represent the mean EUIs
corrected for the average European climate,
i.e. the buildings operate under the same
climate conditions, thus facilitating the
comparison of the buildings’ energy
performance of buildings in each country.
Apparently, in countries with mild winters,
the EUIs are low (below the mean EUI), while
the corrected values for the average European
climate may be much higher than the mean

EUI (e.g. Cyprus, Malta, Greece). The right
axis of the graph (Figure 3) and the yellow
circles refer to the heating degree days (HDD)
in each country. The mean HDD value shown
by the yellow horizontal line corresponds to
the average European climate. Typically, high
HDDs are associated with high EUIs and vice
versa. Cases where HDDs are low (yellow
circles) and EUIs are high (black circles)
indicate that the residential buildings in these
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countries have low energy performance, with
the largest differences observed in Cyprus
and Malta. On the other hand, high HDDs and
low EUIs can be interpreted as high energy
performance buildings (e.g. Denmark, The
Netherlands, Finland, Estonia), but it may
also be related to poor IEQ due to high energy
poverty (e.g. Bulgaria, Lithuania), which leads
building occupants to limit the use of energy
in their dwellings.

use breakdown for different services and
end-uses.
Similar benchmarks can also be derived
for NR buildings from public databases
in Europe (e.g. Eurostat, EU building
stock observatory, Odysee-Mure) and the

U.S. (e.g. CBECS-Commercial Buildings
Energy Consumption Survey, ASHRAE).
In Europe, the final EUI for NR buildings
averages 268.3 kWh/m2 (Figure 4),
most countries using between 200 and
300kWh/m2. The data for Italy (652.5

kWh/m2) raises some concerns about the
accuracy of the raw data for this case. The
available data for the different categories
of NR buildings (e.g. offices, hospitals,
hotels, schools) is very limited, with large
variations.

FIGURE 3.
FINAL ENERGY USE INTENSITY (KWH/M2)
IN EUROPEAN RESIDENTIAL
BUILDINGS (LEFT AXIS)
AND HEATING
DEGREE DAYS (RIGHT AXIS).
(DATA SOURCE: ODYSSEE).

In the U.S., the annual final energy use
in dwellings averages 121.1 kWh/m2
according to the results from RECS 2015.
The data are not reported with climate
conditions and the floor area used in
the calculation of the EUI includes the
basements of the buildings, regardless of
whether they are heated or even parking
spaces if they are partially heated, resulting
to lower EUIs compared to other surveys.
For different typologies of detached single
family houses, the EUI ranged from 117.0
to 124.6 kWh/m2 and in multi-family
apartment buildings from 122.4 to 165.6
kWh/m2. The RECS data has also been used
to derive final and primary energy targets
for five residential building categories in
17 climate zones for energy upgrading of
existing buildings [2]. The energy targets
represent the 25th bottom (low energy)
percentile of energy use by each building
category. For example, the EUIs for the total
final energy from the warmest and most
humid climate zone to the coldest climate
zone for single-family houses range from
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88.6 to 262.2 kWh/m2 and for apartments
from 101.9 to 301.4 kWh/m2.
Furthermore, ASHRAE Standard 90.2
[3] provides minimum requirements
for design, construction and verification
requirements for new low-rise residential
buildings (e.g. single- to multifamily of
three stories or fewer above grade) and
their systems and new portions of existing
residential buildings and their systems
that use renewable and non-renewable
forms of energy. The standard applies to
the building envelope, heating equipment
and systems, air-conditioning equipment
and systems, domestic water heating
equipment and systems, and provisions
for overall building design alternatives and
trade-offs. The standard recognizes that
long-lived building envelope decisions,
along with HVAC and water-heating system
performance play a critical role in achieving
targeted building performance and for
achieving overall building performance
targets. Accordingly, certified performance
of insulation, fenestration, and envelope air

sealing are prioritized, while requirements
for HVAC system design, installation,
commissioning, and verification are
integral to the standard. Cost-effective
and life-extending advances in lighting
technology, from lamps to control systems,
help deliver significant lighting energy
savings. The standard also recognizes
the important role of renewables to help
reach the building performance targets.
Emphasis is placed on load minimization
and HVAC performance strategies first so
that any on-site power systems used can
have maximum impact toward the overall
building performance goals

Non-Residential buildings

In the EU, there are about 7 billion m2 of
useful floor space of non-residential (NR)
buildings. The NR building sector is more
complex and heterogeneous compared to
residential buildings and as a result the
available information on the NR building
stock is very limited in most countries,
lacking specific data on building floor
areas, construction characteristics, energy

FIGURE 4. FINAL ENERGY USE INTENSITY (KWH/M2) IN EUROPEAN NON-RESIDENTIAL BUILDINGS. (DATA SOURCE: EU BUILDINGS DATABASE AND ODYSSEE).

In the U.S., the annual final energy use in
commercial buildings averages 252.0 kWh/m2
according to the results from CBECS 2012. The
available data is a valuable resource, providing an
insight for the different categories of commercial
buildings. The CBECS 2003 data has also been
used to derive final and primary energy targets for
48 commercial building categories in 17 climate
zones for energy upgrading of existing buildings
[2]. The energy targets represent the 25th bottom
(low energy) percentile of energy use by each
building category. For example, the EUIs for the
total final energy from the warmest and most
humid climate zone to the coldest climate zone
for offices range from 142.2 to 295.8 kWh/m2,
for retail stores from 88.6 to 224.4 kWh/m2, for
secondary schools from 142.2 to 338.1 kWh/m2,
for hospitals from 447.2 to 522.8 kWh/m2, for
hotels from 156.4 to 236.7 kWh/m2.
Furthermore, ASHRAE Standard 90.1 [4] provides
minimum requirements for the energy efficient
design of new buildings and their systems, new
portions of buildings and their systems, and new
systems & equipment in existing buildings. It
applies to all buildings except low rise residential
buildings. The standard specifies reasonable
(technically feasible and cost effective) design
practices and technologies and the utilization of
on-site renewables that minimize energy use,
while providing comfortable and productive
environments for the building occupants. Finally,
ASHRAE Standard 189.1 [5] that is also part of

the 2018 International Green Construction Code
(IgCC), provides total building sustainability
guidance for designing, building, and operating
high-performance green buildings. It addresses
site sustainability, water use efficiency, energy
efficiency, IEQ, and the building’s impact on
the atmosphere, materials and resources. The
standard provides an easy to follow prescriptive
path (each component is built to a certain
standard, e.g. Uwall , efficiencies, water use,
recycling) or a more flexible performance path
that allows for trade-offs between specific
requirements but requires more calculations to
demonstrate that the whole building performs to
a certain standard, e.g. use less energy, water etc
than the same building built to prescriptive code.

Conclusions
Looking into the future, there is a need for more
work on gaining a better understanding of the
actual energy use in buildings. Calculations
and detailed simulations can provide valuable
information. However, one needs to be aware of
the anticipated deviations between calculated
(asset) and actual (operational) energy use or
achieved energy savings from the implementation
of energy conservation measures. Several studies
have documented that there is a significant gap
between normative calculations of theoretical
energy performance and actual energy use
or potential energy savings after building
renovations. Along these lines, there is a need

for more empirical evidence on actual energy
use in buildings and savings before and after
the implementation of energy conservation
measures in different building types. The ongoing
efforts by the European Commission with the EU
building stock observatory that monitors the
energy performance of buildings across Europe
and the national CBECS and RECS surveys in
the U.S., along with the valuable resources and
guidance from ASHRAE, can help professionals
to assess and improve the energy performance of
buildings, as we move towards nearly and even
net positive buildings in the next decade.
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A CAREER IN BUILDING SIMULATION …
MASSIVE TECHNOLOGY CHANGES
From mainframe computers that filled

rooms, an armful of input punched card
decks, and 6-inch stack of continuous form
‘green bar’ paper for output to computers
the size of a deck of playing cards… quite a
ride over the last 45 years.
My road to building performance simulation
started early in my college career. I was
pursuing an undergraduate degree
in architecture when my architecture
technology professor, knowing my
interest in computer analysis, handed me
a computer tape and said, try to get this
program to run on the university’s IBM
mainframe computers. That tape contained
punched card images of NECAP (NASA’s
Energy Computer Analysis Program, a
predecessor to CALERDA and what became
DOE-1 and DOE-2). What did it take to create
a simulation? My first step was to figure
out the arcane JCL (Job Control Language)
which instructed the mainframe what to do
(compile, run the simulation). Then I created

my (very simple) model. Every time I ran
the simulation it had to compile the Fortran
and then run my deck. Usually it took a few
hours, depending on the jobs in front of
mine. In the days of punch cards, each line of
Fortran code or input was a single card and
input data had to be in the correct column or
it would crash and not run. Together NECAP
was about two boxes of punched cards (a
card is 7-3/8 x 3-1/4 inches (18.7325 x 8.255
cm) and a box contained 2000 cards). (see
below). Imagine your panic if you dropped
the deck. Subsequently as an independent
study course, I wrote an ‘interactive interface’
on the newer DEC 10, which didn’t require
punch cards. My professor gave my interface
to one of his classes – they got extra credit
if they got my interface to run a simulation.
My interface automatically wrote the JCL
which compiled the program (again) along
with the NECAP input. Fortunately, the days
of punched cards didn’t last long. Many long
nights trying to find that one card that had a
misplaced comma …
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I WAS PURSUING AN

UNDERGRADUATE DEGREE

I graduated with an architecture degree
from University of Tennessee in the
late 70s. I had already found that I
was interested in energy efficiency and
renewable energy. That led to work using
building energy simulation, first in a
research group in DC, then a consultancy
in Atlanta and London in the early 80s.
At this point we had progressed beyond
punched cards and now were using a
mainframe computing service and DOE2. This involved putting a phone handset
in an acoustic coupler and dialing the
mainframe. You could edit a file (slowly),
tell the mainframe to run a simulation,
print results, etc. One memory sticks out
– waiting for our simulation to run and
seeing it was waiting on the weather tape
to mount. We were storing our working on
large, 10.5-inch reels of tape. These were
stored in the computer services facilities
across the country. For the climate data,
we depended on a separate weather tape
and there were very few weather files
available at that time (60 for all of US).
Lots of sending a ‘mount weather tape’
requests! Even then we were still printing
the outputs and reviewing. An iterative
and time-consuming process.

IN ARCHITECTURE WHEN
MY ARCHITECTURE

PUNCHED CARD FROM THE 1970S, ARNOLD REINHOLD,

TECHNOLOGY PROFESSOR,
KNOWING MY INTEREST

IN COMPUTER ANALYSIS,

EVOLVING

ENERGY

PERFORMANCE OF A
CORPORATE HEAD-

QUARTERS BUILDING

THROUGH

DESIGN (NALL AND

CRAWLEY 2011)

While I was in Atlanta, we had an
opportunity you dream of in building
simulation – to participate in a large new
building project from predesign into
construction. A corporate headquarters was
being designed for a large multinational
corporation outside Cleveland, Ohio.
We were brought in at the beginning of
predesign by the architect, one of many
consultants. Over the course of 18 months,
we prepared studies of building shape,
layout, systems, and efficiency measures
through each phase of design. We even
evaluated alternative chiller manufacturers
during the bid process. In total, more than
125 energy simulations throughout design
and construction. One of my favorite images
is of my colleague standing, leaning on the
4-ft stack of DOE-2 simulation outputs. A
challenge was the evolving design from
simple to complex over the design process.

As shown in the chart,
our baseline for energy design changed
as we learned about the cafeteria and
computer center that weren’t documented
in the early program materials. As even
continues today, getting data from CAD
then (and BIM today) was difficult. We
dealt with the challenge of an evolving
design as seen in these diagrams. We
faced many of the same challenges when
I worked in our London office, with the
Atlantic in between members of our team.
We provided building services design for
a new corporate headquarters outside
London including energy simulation.
Again, we used the commercial mainframe
service via acoustic coupler. But we had the
advantage of time zones: the simulation
team would complete their work and the
simulations would be available the next
morning for access in UK.

HANDED ME A COMPUTER

TAPE AND SAID, TRY TO GET
THIS PROGRAM TO RUN

BOX OF PUNCHED CARDS
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AND CONSTRUCTION DOCUMENTS
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By the middle of the 80s, I had moved onto
developing evaluating energy savings from
commercial building energy standards
at a national laboratory. Initially we were
using the lab’s local mainframe computer,
again running DOE-2. Within a couple of
years, desktop versions of DOE-2 became
available and we were no longer tied to
mainframe across campus or across the
country. Over the course of 6 years we
ran tens of thousands of simulations of
commercial buildings in support of national
energy standards. This desktop computing
became incredibly powerful. Early in the
90s, I moved to U.S. EPA and the early days
of Energy Star Buildings – where I set up
DOE-2 runs to support the evolving Energy
Star commercial buildings program. I
remember in 1994 excitedly telling a friend
by email that we were able to move from a
386, to a 486 to a 586 (Pentium) over the
course of several months. This cut the time
for individual DOE-2 simulations from
18 minutes to under 3. This was a huge
difference but when I left EPA, there was a
huge backlog running on three desktops –
more than 25,000 DOE-2 simulations were
queued up. The PCs ran another two weeks
after I left EPA.
When I moved to U.S.DOE in the early 90s,
I became more of a producer than a user. I
was initially responsible for DOE-2 and a
few other tools. Early in my time there, an
opportunity arose to merge the two major
public tools—DOE-2 and BLAST—because
the US Army was ending development and
support of BLAST. Starting in 1995 with the
core heat and mass balance engine within
BLAST, we added daylighting and other
important features in DOE-2 using what we
called evolutionary re-engineering: pulling
apart the spaghetti code, modularizing it,
and bringing up to new Fortran standards.
From this, EnergyPlus v 1.0 was released in
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I LAUGH WHEN I SEE ALL THE EXCITEMENT ABOUT CLOUD
COMPUTING — WE WERE USING CLOUD COMPUTING
WITH MAINFRAME COMPUTERS 40 YEARS AGO. YES,
THERE’S RADICALLY MORE POWER AVAILABLE WITH
MULTIPLE VIRTUAL MACHINES AND SEEMINGLY
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April 2001. Simulation was becoming more
important throughout this time – with LEED
certification requiring simulation to achieve
energy credits. This drove a new surge in
simulation interest.
During that same time, I started work on
a PhD in mechanical engineering, finally
graduating in 2009 from the University of
Strathclyde. My PhD thesis focuses on using
simulation as a policy tool – from standards
setting and evaluating, utility incentives,
and policy development. Essentially
simulation was the core them of my working
career—the ability to estimate the impacts of
proposed standards, value of technology
change for utilities considering incentives,
and for other policy development.
Throughout this period and continuing to
today, building designers want to be able
to reuse the wealth of 3-D geometry and
other information promised by BIM. I wish
I could say that getting data from BIM to
building simulation was easy, but it still
isn’t. There are encouraging signs, as BIM
developers are incorporating simulation
into their products for at least, early design
evaluation. The benefits of reusing the 3-D
mode should encourage designers to try
simulation.

I laugh when I see all the excitement about
cloud computing—we were using cloud
computing with mainframe computers 40
years ago. Yes, there’s radically more power
available with multiple virtual machines and
seemingly unlimited storage, and interfaces
make it easy to spawn hundreds of simulations
and have the results in a short time. There’s
also amazing computing power that we carry
with us every day – our phones. These mini
computers have many times the power and
storage capabilities than those mainframes of
past days. I have seen major simulation tools
compiled to run on a Raspberry, a computer
the size of a deck of playing cards. (Yes, the
user interface, keyboard, monitors, etc. are
still large.) Could you have imagined that
you would have a 1 TB USB thumb drive?
They’re already available for less than £20.
While I haven’t seen anyone port one of the
simulation programs over to Android or IoS
for use on our phones, I sure it will happen
in time. More likely, interfaces that enable
you to perform simulations in the cloud from
your phone. All this power will enable our
building simulations of the future – faster,
intuitive, and helping us design the low- and
zero-carbon buildings of tomorrow. I can’t
wait to see where simulation can take us in
the future!
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About this time, a huge innovation was
beginning to penetrate offices – Personal
Computers, initially the Apple-II, then IBM
PC. Now we could have computing power
at our desk but at a price and not everyone
had one (yet). But we had to wait a few years
until our bound-to-mainframe simulation
programs made it to desktops.
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SMART CITY: A MYTH OR REALITY
Smart Cities Concepts

Smart city is the one that uses Technology, Data and intelligent

design to enhance the City’s livability, workability, Resilience and
Sustainability. Cities are engines of growth for the economy of
every nation. Nearly 60% of Middle East current population lives in
urban areas and contributes 63% of Regional GDP. With increasing
urbanization, urban areas are expected to house 70% of Middle
East population and contribute 75% of Regional GDP by 2030. This
requires comprehensive development of physical, institutional,
social and economic infrastructure. All are important in improving
the quality of life and attracting people and investments to the
City, setting in motion a virtuous cycle of growth and development.
Development of Smart Cities is a step in that direction.

Urbanization accompanies economic development. As countries move
from being primarily agrarian economies to industrial and service
sectors, they also urbanize. This is because urban areas provide the
agglomerations that the industrial and service sectors need. This trend of
urbanization continues to take place as seen in the Fig 1.

Smart cities concepts include a number of factors/parameters/
aspects as follows:
1. Measuring the impact on the natural environment;
2. Increasing the effectiveness;
3. Establishing strong connections;

4. Improving two-way communication;
5. Attaching and retaining talented and creative individuals;
6. Resolving local problems;
7. Addressing issues of social inclusion;
8. Increasing the city’s capacity.

PROF. DR. ESSAM KHALIL

ASHRAE FELLOW, ASME FELLOW,
AIAA FELLOW, PROFESSOR
OF ENERGY. CAIRO UNIVERSITY,
ASHRAE DIRECTOR AT LARGE

PROF. DR. DOAA M. EL-SHERIF

PROFESSOR OF ENVIROMENTAL
PLANNING, HOUSING & BUILDING
NATIONAL RESEARCH CENTER
(HBRC); EGYPT

FIGURE 1: URBANIZATION DEVELOPMENT, [1]

FIGURE 2: URBANIZATION TRENDS, [2]

FIGURE 3: URBANIZATION TRENDS, NORTH AFRICA [2]
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Enhance livability-means a better quality of life for all. In the
smart city, people have access to a comfortable, clean, engaged,
healthy and safe lifestyle. Some of the most highly valued
aspects include sustainable energy, convenient mass transit,
good schools, faster emergency responses, clean water and air,
reduced crime, enhanced security and access to diverse urban
amenities ranging from entertainment and cultural options to
recreation, healthcare and community facilities.
Enhance workability-means accelerated economic prosperity.
Put another way, it means more and better jobs and increased
local GDP. In the smart city, people have access to the foundations
of prosperity-the fundamental infrastructure services that let
them compete in the world economy. Those services include
high broadband connectivity; clean, reliable, inexpensive
energy; educational opportunities; affordable housing and
commercial space, efficient transportation and increased scope
for local manufacturing using additive, automated and Nano
processes.
Enhance sustainability-means giving people access to the
resources they need without compromising the ability of future
generations to meet their own needs. Smart cities enable the
efficient use of natural, human and economic resources and
promote cost savings. It isn’t necessarily about investing large
sums of money into new infrastructure, but at times more about
making infrastructure do more and last longer for less, whilst
aiming to reduce waste and negative environmental impacts.

FIGURE 4: SMART CITIES CONCEPTS [2]

Core function of smart cities:
1. Collecting data. Smart devices are located throughout the city to
measure and monitor conditions. For instance, smart meters can measure
electricity, gas and water usage with great accuracy. Smart traffic sensors
can report on road conditions and congestion. Smart GPS gear can

pinpoint the exact locations of vehicles or the whereabouts of emergency
crews.
Automated weather stations can report conditions, and mobile devices can
collect the position and speed of people, where they cluster at different
times of the day and the environmental conditions around them.
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2. Communicating data. Once you’ve collected the data, you need
to send it along. Smart cities typically mix and match a variety of
wired and wireless communications pathways, from fibre-optic to
cellular to cable.
3. Crunching data. After collecting and communicating the
data, you analyze it for one of three purposes: 1) presenting, 2)
perfecting or 3) predicting.
Importantly, analyzing data turns information into intelligence
that helps people and machines to act and make better decisions.
This begins a virtual cycle wherein data is made useful, people
make use of that data to improve decisions and behavior, which
in turn means more and better data is collected, further improving
decisions, behavior and project performance.

Smart Cities Code
The Code for Smart Communities is a reference document for
local government and the urban development industry, first
and foremost. It is also a resource for those who have significant
influence over the outcomes of how we develop our communities,
and what we develop. This includes state government planners,
designers and policy makers, developers of all sectors (public,
private and non-profit), and the deep value chain of product and
service providers that are engaged in urban development.
This ecosystem of stakeholders shapes the investments we make
in vertical and horizontal infrastructure, and the places and spaces
in between. They are responsible for service and program delivery,
and asset management. They help create the conditions for human
development. Ultimately, and most importantly, citizens will be
the beneficiary of the Code. And having a common language for
smart communities is therefore important if we are to shape the
best possible communities for our citizens, both now and next.
Documents of this kind often provide an overall framework for the
subject matter, along with a more detailed level of definition. The
Code will provide this for the concept of a smart community.
Code main components:
1. Urban Management,
2. E-Governance,
3. Transportation and E-Mobility,
4. ICT,
5. Potable and Waste Water,
6. Energy,
7. Solid Waste Collection and Disposal,
8. Economy.
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Smart Cities Practices & Guidelines

Key Steps Forward

We know the smart cities terminology includes a range of ideas
and issues important to its success, such as:

1. Identify needs first, technology second. Take the time to
define the problem you’re trying to solve. Only with this
understanding in place can the right approach to technology
be selected.

• Smart cities are about people,
• Technology is the enabler, not the driver,
• Digital disruption is transforming almost everything,
• Digital democracy must be a core goal,
• The smart cities ‘verticals’ are diverse, including water, waste,
energy, transportation, finance and payments, health, safety
and security, agriculture, and more,
• Leadership and governance is a critical success factor, and a
necessary investment,
• Procurement and lack of funding are considered some of
the biggest barriers to effective implementation of smart cities
strategies.
Before providing advice to a client on embedding smart cities
solutions into their project, a set of principle guidelines should
be incorporated for city planners to embrace, ensuring there is
an appreciation of the development of smart cities and smart
infrastructure programs for maximum positive outcomes.
Whilst many of the principles presented below may be familiar
to some city planners, they do provide an adjunct to common
practice principles that would be familiar with. The principle
guidelines are:
• Consider the level of reliance and resilience of the solution
should its operation be interrupted or compromised.

2. Design for inclusion. Pay special consideration to communities
who might get left behind when you adopt new technologies.
3. Let community in. Provide tangible support to unlock the full
potential of local residents, and then tap into it.
4. Look outside for new solutions. Harness the combined power
of public service champions, community-driven networks, and
private sector innovations.
5. Think beyond city boundaries. Collaborate and share lessons
learned with other cities.
6. Enable and empower public servants. Identify city staff and

community members who are pushing an innovative agenda,
celebrate them, and provide support in scaling up their work.
7. Invest in the fundamentals. Focus on fundamental service
delivery and capacity building through small-scale projects
before taking on ambitious technology projects.
8. Integrate to implement. Integrate technology and data into
your planning processes and resource-based decision making
to ensure projects move forward.
9. Brand to build buy-in Invest in the image and communications
of the city as a vibrant place for technology-related opportunities
with a high quality of living.
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ASHRAE and AIVC CO-ORGANIZE
in collaboration with the Hellenic Chapter

IAQ 2020:
Indoor Environmental Quality
Performance Approaches
September 14-16, 2020 Athens, Greece

Transitioning from IAQ to IEQ
Indoor Air Quality (IAQ) has been the core of
ASHRAE’S IAQ series of conferences for the past
30 years. This conference will expand from
Indoor Air Quality to Indoor Environmental
Quality (IEQ). IEQ includes air quality, thermal
comfort, acoustics, and illumination and their
interactions. The focus of this conference is on
performance approaches, including the metrics,
systems, sensors and norms necessary to
implement them.

• Ensure the integrity of the data to the quality and quantity
appropriate for the decision/goal. If decision making becomes
increasingly reliant on data, then data integrity becomes
critical.
• Ensure transparency in the decisions made to adopt
technology solutions, or if using key performance indicators
that the logic is robust and limitations understood.
• Ensure the application of technology and data solutions is in
service to a societal or business opportunity, need or problem,
and that it is meaningful and impactful, and will support the
advancement of a solution.
• Ensure a sustainability lens is applied to the evaluation of any
technology solution, and that a triple bottom line assessment
of the environmental, social and economic impacts in the
short, medium and long term is considered.
• Ensure the solution is considered from an ethical and
equitable perspective as to who the outcome benefits and
whether there are stakeholders who may carry the burden/
costs.

Conference Topics:
• Health and Well-Being: appropriate technical and operational definitions
• Performance Metrics for all aspects of IEQ
• Interactions between IEQ parameters
• Occupant Behavior: how behavior impacts IEQ and how IEQ impacts behavior
- psychological dimensions of IEQ
• Smart Sensors and Big Data: sensor properties, data management, 		
cybersecurity, applications
• Smart Controls: equipment properties, commissioning, equivalence
• Resilience and IEQ: responding to climate change and disasters

• Ventilation, including mechanical, passive, natural and hybrid systems
• Air Tightness: trends, methods and impacts
• Thermal Comfort, including dynamic approaches, health impacts and trends
• Policy and Standards: trends, impacts, implications
Authors are invited to submit a 300-word or less abstract on a conference
topic by December 9, 2019.

For more information or to submit an abstract, go to
www.ashrae.org/IAQ2020
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A NEW WAY TO BUILD
The

construction sector is facing a
chronic productivity problem, globally.
Over the past 20 years, productivity has
grown at a rate of only 1% annually,
compared with 2.8% for the total world
economy, and 3.6% for manufacturing1.
One of the causes of low productivity is
underinvestment in digitalization and
innovation. The R&D investments in the
construction sector are lower compared to
other industries. The construction sector
spends on new technologies less than 1%
of revenues, compared to 3.5% to 4.5% for
the auto and aerospace sectors2 .However,
the construction sector is very important
for the EU economy3; It comprises 9% of
GDP of the Union, provides 18 million
direct jobs while 95% of the companies are
SMEs.
If nothing changes, the construction
sector is in danger of staying even more
behind, as other sectors are more ready
to adopt technologies that will emerge
in the forthcoming years from the “fourth
industrial revolution”.
For that reason, and in the frame of the
next multiannual financial framework
(MFF) 2021 - 2027, we, at the DirectorageGeneral for Research and Innovation (DG
RTD), are preparing the research-funding
programme that we believe will shape how
buildings are built and operated in the
future. The four pillars of the construction
site of the future are digitalization,
prefabrication, materials and circularity.

Digitalisation
According to a survey study conducted
by Roland Berger, 93% of construction
companies believe that digitalisation
will affect every process of their business.
Nevertheless, only 6% of construction
companies make full use of digital
planning tools, while 100% of building
material companies consider that they
have not exhausted their digital potential4.
Digitalisation will play a major role in the
future in construction sector, despite the
current low level:
1. Building Information Modeling (BIM)
integrates or links the typically 3D
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5. 3D scanning is the process of creating a 3D
model of a real-world object or construction
by scanning it from all possible angles. This
process can be used in the construction
sector for creating 3D models of existing
buildings and infrastructures for which
there is no digital information. The use of
3D scanners is, quite often, combined with
the use of drones.

IN THE NEAR FUTURE

A LOT OF INNOVATIVE
MATERIALS AND

BREAKTHROUGH

TECHNOLOGIES WILL
CHANGE THE WAY

WE BUILD AND HOW
BUILDINGS OPERATE
CONTRIBUTING TO

ACHIEVING A CARBON
NEUTRAL EUROPEAN
UNION.

modelling work of architects, engineers
and manufacturers in one single model.
Changes made by one actor involved in the
project will automatically be used to update
other sections of the project developed
by other actors. As the popularity of BIM
increases, more and more manufacturers
of appliances, furniture, sanitary ware,
etc. create 3D models of their products
available on online BIM libraries, to be
used in BIM drawings. In the future, BIM
will also incorporate components for time
and cost information resulting in better
planning and cost management5.
2. Additive manufacturing (3D printing)
is the process of creating an object by
solidifying a raw material (e.g. plastic,
metal, or concrete) under the control of a
computer using a Computer-Aided Design
(CAD) or BIM file to guide the 3D printer
nozzle. 3D printing minimises material
waste, reduces the construction duration
as well as labour accidents. If coupled with
automated robots, 3D printers could lead
to fully automated processes that turn a 3D
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model into prefabricated and standardised
construction components to be produced
off-site.
3. Automated robots are devices with
robotic arms that operate repetitive
processes such as laying floor tiles or
bricks, lifting heavy objects and placing
them in specific coordinates. Robots laying
bricks, welding and self-driving heavy
machinery make construction safer and
faster while reducing construction costs.
4. Drones are Unmanned Aerial Vehicle
(UAVs) equipped with high-resolution
cameras and other scanning equipment.
Drones can scan large areas or different
directions/angles of a real-world object
simultaneously. Drones provide live
streaming videos/photos for inspection
and maintenance; especially in areas that
are challenging to reach physically (narrow
tunnels, bridge pillars, etc.). Thus, allowing
for reality-capture solutions and realtime comparison between planned and
implemented solutions.

6. Sensors offer the possibility of
continuously collecting data and
monitoring the performance of building
components (e.g. electricity consumption,
indoor air temperature, CO2 concentration,
etc.). In large infrastructures, e.g. highways,
sensors can monitor the frequency of
passing vehicles to identify bottlenecks
and periods of congestion. The use of
sensors facilitates the transition from
planned maintenance towards predictive
maintenance leading to cost reductions,
higher efficiency and reduced disturbance
for the users.
7. Internet of Things (IoT) is the concept of
connecting household appliances, devices,
sensors, vehicles, etc. to the internet,
enabling the communication, remote
control, exchange of data, etc. of these
devices. IoT is closely related to sensors as
in most cases it requires some form of data
provided by them. However, IoT could also
be coupled with drones and 3D scanners
which would lead to a better monitoring
and inspection of construction projects.

Prefabrication
Prefabrication is the process of assembling
components off-site and transported to the
construction site. For example, prefabricated
walls could include insulation, glazing or
even HVAC components. Prefabrication of
construction components would increase
productivity and reduce construction
time and cost. Prefabrication is closely
related with robotics and 3D printing, as
mentioned earlier, therefore would also
result in reduction in labour accidents.
Prefabrication could be used also in
renovation of existing buildings, as in the
case of the Energiesprong project in the
Netherlands6.

Materials
The construction sector is closely associated
with very carbon-intensive materials such
as concrete and steel. As the EU is aiming
towards becoming carbon neutral by 2050,
these materials in the form they exist and
produced today will become obsolete. In
the future all building materials will have
a low carbon life cycle. This will incentivize
the sector to come up with new materials
that will fill the same properties and at the
same time being having a lower carbon
footprint.

Circular economy
To tackle the globally emerging plastic
waste threat, EU adopted recently a
new directive on the reduction of the
impact of certain plastic products on the
environment, focusing on single-use
plastics (plastic cutlery, cotton buds, straws,
stirrers, etc.)7. Of course single-use plastics
is only the beginning and circularity will
affect all sectors, including constructions as
well. EU has adopted the Waster Framework
Directive already from 2008, addressing
among others the issue of large quantities
of construction waste8, while in 2018 it
published the non-binding Construction
and Demolition Waste Protocol and
Guidelines, to assist practitioners, public
authorities, certification bodies and
clients of recycled material to handle the
construction waste stream properly9. With
the new Commission taking over from
November 2019 we should expect more
legal actions on that field.
To conclude, with the changes foreseen
from the Clean Energy for All Europeans
package for existing buildings and energy
requirements for new ones10, digitalization
in the construction sector, prefabrication,
new materials and circularity, an exiting
period for the construction sector is ahead
of us. I am confident that in the near
future a lot of innovative materials and
breakthrough technologies will change
the way we build and how buildings
operate contributing to achieving a carbon
neutral European Union.
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ATHENS - PARTHENON

A LIFETIME EXPERIENCE
The Parthenon is a former temple on the Athenian Acropolis,

Greece, dedicated to the goddess Athena, whom the people
of Athens considered their patron. Construction began in 447
BC when the Athenian Empire was at the peak of its power. It
was completed in 438 BC, although decoration of the building
continued until 432 BC. It is the most important surviving
building of Classical Greece, generally considered the zenith of
the Doric order. Its decorative sculptures are considered some
of the high points of Greek art. The Parthenon is regarded as an
enduring symbol of Ancient Greece, Athenian democracy and
Western civilization, and one of the world’s greatest cultural
monuments. To the Athenians who built it, the Parthenon
and other Periclean monuments of the Acropolis were seen
fundamentally as a celebration of Hellenic victory over the
Persian invaders and as a thanksgiving to the gods for that
victory.
The Parthenon itself replaced an older temple of Athena, which
historians call the Pre-Parthenon or Older Parthenon, that was

PARTHENON & LYCABETTUS HILL

Athens is the capital and largest city of Greece. Athens dominates

the Attica region and is one of the world’s oldest cities, with its
recorded history spanning over 3,400 years and its earliest human
presence starting somewhere between the 11th and 7th millennium
BC.
Classical Athens was a powerful city-state that emerged in conjunction
with the seagoing development of the port of Piraeus, which had
been a distinct city prior to its 5th century BC incorporation with
Athens. A center for the arts, learning and philosophy, home of
Plato’s Academy and Aristotle’s Lyceum, it is widely referred to as
the cradle of Western civilization and the birthplace of democracy,
largely because of its cultural and political impact on the European
continent, and in particular the Romans. In modern times, Athens is
a large cosmopolitan metropolis and central to economic, financial,
industrial, maritime, political and cultural life in Greece. In 2012,
Athens was ranked the world’s 39th richest city by purchasing power
and the 67th most expensive in a UBS study.

Athens is a global city and one of the biggest economic centres in
southeastern Europe. It has a large financial sector, and its port Piraeus
is both the largest passenger port in Europe, and the second largest in
the world. While at the same time being the sixth busiest passenger
port in Europe.[19] The Municipality of Athens (also City of Athens)
had a population of 664,046 (in 2011) within its administrative
limits, and a land area of 38.96 km2 (15.04 sq mi). The urban area
of Athens (Greater Athens and Greater Piraeus) extends beyond its
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administrative municipal city limits, with a population of 3,090,508
(in 2011)over an area of 412 km2 (159 sq mi). According to Eurostat
in 2011, the functional urban area (FUA) of Athens was the 9th most
populous FUA in the European Union (the 6th most populous capital
city of the EU), with a population of 3.8 million people. Athens is also
the southernmost capital on the European mainland.
The heritage of the classical era is still evident in the city, represented
by ancient monuments and works of art, the most famous of all
being the Parthenon, considered a key landmark of early Western
civilization. The city also retains Roman and Byzantine monuments,
as well as a smaller number of Ottoman monuments. Athens is home
to two UNESCO World Heritage Sites, the Acropolis of Athens and the
medieval Daphni Monastery. Landmarks of the modern era, dating
back to the establishment of Athens as the capital of the independent
Greek state in 1834, include the Hellenic Parliament and the so-called
“architectural trilogy of Athens”, consisting of the National Library of
Greece, the National and Kapodistrian University of Athens and the
Academy of Athens. Athens is also home to several museums and
cultural institutions, such as the National Archeological Museum,
featuring the world’s largest collection of ancient Greek antiquities,
the Acropolis Museum, the Museum of Cycladic Art, the Benaki
Museum and the Byzantine and Christian Museum. Athens was the
host city of the first modern-day Olympic Games in 1896, and 108
years later it welcomed home the 2004 Summer Olympics, making
it one of only a handful of cities to have hosted the Olympics more
than once.

destroyed in the Persian invasion of 480 BC. The temple is
archaeoastronomically aligned to the Hyades. Like most Greek
temples, the Parthenon served a practical purpose as the city
treasury. For a time, it served as the treasury of the Delian
League, which later became the Athenian Empire. In the final
decade of the sixth century AD, the Parthenon was converted
into a Christian church dedicated to the Virgin Mary.
After the Ottoman conquest, it was turned into a mosque
in the early 1460s. On 26 September 1687, an Ottoman
ammunition dump inside the building was ignited by Venetian
bombardment. The resulting explosion severely damaged the
Parthenon and its sculptures. From 1800 to 1803, Thomas Bruce,
7th Earl of Elgin removed some of the surviving sculptures, now
known as the Elgin Marbles, with the alleged permission of the
Turks of the Ottoman Empire.
Since 1975 numerous large-scale restoration projects have been
undertaken, the latest is expected to finish in 2020.

“THE ACROPOLIS OF ATHENS AND ITS MONUMENTS ARE UNIVERSAL SYMBOLS OF THE

CLASSICAL SPIRIT AND CIVILIZATION AND FORM THE GREATEST ARCHITECTURAL AND
ARTISTIC COMPLEX BEQUEATHED BY GREEK ANTIQUITY TO THE WORLD.”

UNESCO

MONASTIRAKI FLEE MARKET UNDER ACROPOLIS

ACROPOLIS & HERODION AT NIGHT
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ARCHAEOLOGICAL MUSEUM OF ATHENS

The National Archaeological Museum in Athens houses some

of the most important artifacts from a variety of archaeological
locations around Greece from prehistory to late antiquity. It is
considered one of the greatest museums in the world and contains
the richest collection of artifacts from Greek antiquity worldwide. It
is situated in the Exarcheia area in central Athens between Epirus
Street, Bouboulinas Street and Tositsas Street while its entrance is
on the Patission Street adjacent to the historical building of the
Athens Polytechnic university.
PREHISTORIC COLLECTION

The prehistoric collection displays objects from the Neolithic era
(6800–3000 BC), Early and Mid-Bronze age (3000–2000 BC and
2000 to 1700 BC respectively), objects classified as Cycladic and
Mycenaean art.
NEOLITHIC ERA AND EARLY AND MID-BRONZE AGE COLLECTION

There are ceramic finds from various important Neolithic sites such
as Dimini and Sesclo from middle Helladic ceramics from Boeotia,
Attica and Phthiotis. Some objects from Heinrich Schliemann
excavations in Troy are also on display.
CYCLADIC ART COLLECTION

Cycladic collection features the famous marble figurines from
the Aegean islands of Delos and Keros including the Lutist. These
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mysterious human representations, which resemble modern art
and inspired many artists such as Henry Moore,[10] came from the
3rd millennium BC old cemeteries of Aegean islands along with
bronze tools and containers.
MYCENEAN ART COLLECTION

Mycenean civilization is represented by stone, bronze and ceramic
pots, figurines, ivory, glass and faience objects, golden seals and
rings from the vaulted tombs in Mycenae and other locations in the
Peloponnese (Tiryns and Dendra in Argolis, Pylos in Messinia and
Vaphio in Lakonia). Of great interest are the two golden cups from
Vafeio showing a scene of the capture of a bull.
HEINRICH SCHLIEMANN FINDS

Mycenean collection includes also the magnificent 19th-century
finds of Heinrich Schliemann in Mycenae from the Grave Circle
A and the earlier Grave Circle B. Most notable are the golden
funerary masks which covered the faces of deceased Mycenean
nobles. Among them, the most famous is the one that was named
erroneously as the mask of Agamemnon. There are also finds from
the citadel of Mycenae including relief stelae, golden containers,
glass, alabaster and amber tools and jewels. Other features include
an ivory carving of two goddesses with a child, a painted limestone
head of a goddess and the famous warrior’s vase dating from the
12th century.

EGYPTIAN ART COLLECTION

The Egyptian collection dates back to the last twenty years of the
19th century. Notable is the donation of the Egyptian government
which in 1893 offered nine mummies of the era of the Pharaohs.
However, the Egyptian collection is mainly by two donors, Ioannis
Dimitriou (in 1880) and of Alexandros Rostovic (in 1904). In total
the collection includes more than 6000 artifacts, 1100 of which
are available presently for the public. The collection is considered
to be one of the best collections of Egyptian art in the world.

The Stathatos collection is named for the donors and major Greek
benefactors Antonis and Eleni Stathatos. The collection features
about 1000 objects, mainly jewels as well as metal objects, vases,
and pottery from the Middle Bronze Age to post-Byzantine era.
Features of special note are the Hellenistic period golden jewels
from Karpenissi and Thessaly.
VISITORS’ INFORMATION

The exhibition features rare statues, tools, jewels, mummies,
a wooden body tag for a mummy, a stunning bronze
statue of a princess, intact bird eggs and a 3000-yearold loaf of bread with a bite-sized chunk missing.
The exhibition centrepiece is a bronze statue of the princesspriestess Takushit, dating to around 670 BC. Standing 70 cm
high and wearing a gown covered in hieroglyphs, the statue was
found south of Alexandria in 1880.

The museum is accessible by the Athens metro. The nearest stations
are Viktoria station and Omonia station. The museum houses a gift
shop with artifact replicas and a café in the sculpture garden. The
museum is fully wheelchair accessible. There are also facilities and
guides for hearing-impaired visitors. For the latest activities of the
museum, including the currently running periodic exhibition, visit
the Official Site:

STATHATOS COLLECTION

www.namuseum.gr

THE MUSEUM ALSO HOUSES A 118-YEAR-OLD LIBRARY OF ARCHEOLOGY WITH RARE
ANCIENT ART, SCIENCE AND PHILOSOPHY BOOKS AND PUBLICATIONS
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Cape Sounion is the promontory at the southernmost tip of the Attic

peninsula, 8 kilometres (5.0 mi) south of the town of Lavrio (ancient
Thoricus), and 70 kilometres (43 mi) southeast of Athens.

Cape Sounion is noted for its Temple of Poseidon, one of the major
monuments of the Golden Age of Athens. Its remains are perched on
the headland, surrounded on three sides by the sea.
HISTORY

The earliest literary reference to Sounion is in Homer’s Odyssey (III.
278–285). The story recounts that as the various Greek commanders
sailed back from Troy, the helmsman of the ship of King Menelaus
of Sparta died at his post while rounding “Holy Sounion, Cape of
Athens.”Menelaus landed at Sounion to give his companion full
funeral honours (i.e., cremation on a funeral pyre on the beach).
Archaeological finds on the site date from as early as 700 BC.
Herodotus (VI.87) mentions that in sixth century BC, the Athenians
celebrated a quinquennial festival at Sounion, which involved
Athens’ leaders sailing to the cape in a sacred boat.
TEMPLE OF POSEIDON

The original, Archaic-period temple of Poseidon on the site was
built of tufa. The Sounion Kouros, discovered in 1906 in a pit east
of the temple alongside fragments of other statues, was probably
one of a number of votive statues dedicated to Poseidon which
probably stood in front of the god’s sanctuary. The archaic temple
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was probably destroyed in 480 BC by Persian troops during Xerxes
I’s invasion of Greece.After they defeated Xerxes in the naval Battle
of Salamis, the Athenians placed an entire captured enemy trireme
(warship with three banks of oars) at Sounion as a trophy dedicated
to Poseidon.
The temple of Poseidon at Sounion was constructed in 444–440 BC.
This was during the ascendancy of the Athenian statesman Pericles,
who also rebuilt the Parthenon in Athens. It was built on the ruins of
a temple dating from the Archaic period. It is perched above the sea
at a height of almost 60 metres (200 ft). The design of the temple
is a typical hexastyle, i.e., it had a front portico with six columns.
Only some columns of the Sounion temple stand today, but when
intact it would have closely resembled the contemporary and wellpreserved Temple of Hephaestus beneath the Acropolis, which may
have been designed by the same architect.
As with all Greek temples, the Poseidon building was rectangular,
with a colonnade on all four sides. The total number of original
columns was 36: 15 columns still stand today. The columns are of
the Doric Order. They were made of locally quarried white marble.
At the center of the temple, colonnade would have been the hall of
worship (naos), a windowless rectangular room, similar to the partly
intact hall at the Temple of Hephaestus. It would have contained,
at one end facing the entrance, the cult image, a colossal, ceilingheight (6 metres (20 ft)) bronze statue of Poseidon.

T

he town of Lavrion on the tip of the Attiki Peninsula is not
featured prominently in very many guidebooks about Greece
even though it has the oldest and biggest ancient amphitheater
in the country and a mysterious giant hole that would be an
attraction to Fortians and seekers of unexplained phenomena
if they knew about it. The area is known for its industry and
mining operations from ancient times. This is where the giant
columns from the temple of Posideon at nearby Sounion were
dug out. The Silver mines date back to prehistoric times. The
washeries where the silver was extracted are still visible and
currently in a state of being restored. These mining facilities are
believed to be the oldest in the world! The Lavrion Silver mines
financed the fleet with which the ancient Athenians defeated the
Persians, and financed the building of the Acropolis and other
monuments of the Golden Age of Athens. Later the mines got
much more industrialized, and covered the entire region with
melting pots and tunnels as well as some of the bi-products
of mining and extracting. One effect of this industrialization
was that Lavrion had the first railroad tracks in Greece, and the
first proper harbour facility to load ore via a bridge to barges
and ships. Another side effect of this mining activity was that
many different and unique minerals were discovered. These
minerals bring a lot of geological tourism into the mountains
and very interesting samples are displayed in the Mineralogical
Museum. The Archaeological Museum gives a good picture of
the development of the ancient civilization, which was hugely
effected by the early industrialization.

ANCIENT THEATER OF THORIKOS, LAVRION

The tunnels and shafts dug to reach the layers of minerals
created heaps of debris near the mine entrances. It is possible,
to this day, to find a large variety of minerals quite easily. Despite
the highly developed metallurgical techniques in the factories,
the remnants of which are very well preserved in Lavrion , the
Ancient Greeks could not take out all the silver from the ore
and after smelting used to dump the slag into the sea. The sea
water, which contained minerals penetrated into the slag for
thousands of years and reacted with other trace elements. This
chemical reaction resulted in the growth of perfect crystals of
various minerals , some of which are very rare and exist only in
Lavrion. In the winter, when the heavy seas deposit these crystals
on the beaches, many collectors come to Lavrion to find them.
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Eikon.
Evolved energy and exquisite finishes.
ACROPOLIS MUSEUM

The Acropolis Museum is an archaeological museum focused on

the findings of the archaeological site of the Acropolis of Athens. The
museum was built to house every artifact found on the rock and on
the surrounding slopes, from the Greek Bronze Age to Roman and
Byzantine Greece. It also lies over the ruins of a part of Roman and early
Byzantine Athens.

The museum was founded in 2003, while the Organization of the
Museum was established in 2008. It opened to the public on 20 June
2009. Nearly 4,000 objects are exhibited over an area of 14,000 square
metres. The Organization for the Construction of the new museum is
chaired by Aristotle University of Thessaloniki Professor Emeritus of
Archaeology, Dimitrios Pandermalis.
HISTORY

The first museum was on the Acropolis; it was completed in 1874 and
underwent a moderate expansion in the 1950s. However, successive
excavations on the Acropolis uncovered many new artifacts which
significantly exceeded its original capacity.
An additional motivation for the construction of a new museum was
that in the past, when Greece made requests for the return of the
Parthenon Marbles from the United Kingdom, which acquired the items
in a controversial manner, it was suggested by some British officials
that Greece had no suitable location where they could be displayed.
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Creation of a gallery for the display of the Parthenon Marbles has been
key to all recent proposals for the design of a new museum.
LOCATION

The museum is located by the southeastern slope of the Acropolis hill.
Set only 280 meters (310 yd), away from the Parthenon, and a mere
400 meters (440 yd) walking distance from it, the museum is the
largest modern building erected so close to the ancient site, although
many other buildings from the last 150 years are located closer to the
Acropolis. The entrance to the building is on Dionysiou Areopagitou
Street.

BUS: Lines 24, 40, 57, 103, 106, 108, 111, 126, 134, 135, 136, 137, 155,
206, 208, 227, 230, 237, 790, 856, A2, A3, A4, B2, B3, B4, E2, E22 (stop:
Makriyianni)
METRO: Line 2 (Anthoupoli-Elliniko) to Acropolis station
TRAM: Stop: Leoforos Vouliagmenis

TOUR BUS: A bus drop-off point for groups is available in Hatzichristou Street
and the entrance for groups is in Mitseon Street.
Acropolis Museum, 15 Dionysiou Areopagitou Street, Athens 11742
Tel.: +30 210 9000900, Email: info@theacropolismuseum.gr

Stylish cover plates. Ergonomic controls and silent mechanisms.
Precious materials; charming details and colours for an incomparable
touch of class. Eikon Evo, Eikon Tactil, Eikon Chrome, Eikon Total
Look: four lines, created from a single idea of beauty. And the certainty
of being made in Italy.
Vimar SpA, Italy, www.vimar.com
Vimar Hellas SA, Maroussi - Athens, tel: 210 619 6440, vimar-gr@vimar.com - Showroom Thessaloniki, tel: 231 047 2027

ATHENS - A LIFETIME EXPERIENCE
Plaka, occupies the area right underneath the Acropolis,set

among Syntagma sq., Monastiraki , the Ancient Agora and
Thissio; the Amalia Ave. and the Makriyianni area. It is
Athens’ oldest and most picturesque area, also known as the
“Neighbourhood of the Gods”.
The houses of Plaka, mostly small buildings, built in the style of
the Cyclades by the settlers of Anafi Island (Anafiotika area) in
mid. 18 c. A.C., as well as many neoclassical buildings, spread
around the north-eastern slopes of the Acropolis, like colourful
pebbles, tossed dice from the palm of Goddess Athena’s hand!
Walking through the small tangled cobblestone alleys, one can
only but be overwhelmed by the urge to discover more about
this wonderful area! And there’s indeed so much to see and to
discover!

Lovely old churches and chapels, residences with historical
significance, ruins and famous archaeological sites, quiet corners
full of blossoms, with picturesque views of the entire Athens,

souvenir shops, small art galleries and museums; they all await
you, in the shadow of the majestic Parthenon.

There is no plan, nor a pattern that one should follow to see all there
is to see. Just follow the narrow, sometimes labyrinth-like, streets
to wherever they take you. No need to hurry, no need to worry if
you momentarily feel like you lost your way: Find shelter in one of

the cosy coffee places, with chairs and tables set on flower – filled

stairways, or in the simple shady taverns and when you feel ready,
continue your trip through history and beauty!

Indelibly marked by history, yet, in a magical way, unspoiled by the
passing of the time, Plaka, is a crossroad of civilizations, inhabited
since the antiquity. It is up to you, to discover the traces of all eras:

Find the cradle of Democracy, the history of Socrates and Pericles

and evidence of the daily habits of the Athenians 2500 years ago, in
the beautiful, worth-visiting site of Ancient Agora.

DISCOVERING THE MANY CHARMS AND SECRETS

OF PLAKA AND ANAFIOTIKA IS TRULY WORTH THE EFFORT!

CREATING A GOOD INDOOR CLIMATE-THROUGH
MONASTIRAKI FLEE MARKET UNDER ACROPOLIS
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ACROPOLIS & HERODION AT NIGHT

MINIMAL ENERGY APPLICATION

Learn more at
www.wilo.gr

Better safety for your
fire protection planning
Wilo- SiFire for sprinkler systems
With Wilo – SiFire EN 12845 our engineers have developed a completely new all-around system for use in sprinkler
systems. The result is technology that you as a consultant can rely on at all times. The operation and the maintenance
of Wilo – SiFire EN work much easier, thanks to the red button technology. Wilo – More than pumps.

Wilo-SiFire EN, the reliable system
ƒ The EN12845 Certification provides you the highest assurance and
accreditation accepted worldwide.
ƒ Compact, pre-installed system speeds up the project, minimizes
coordination work and provides greater installation reliability to all
involved.
ƒ High-quality materials and coatings prevent wear, increase durability and
ensure long-term operational reliability.
ƒ Installation, operation and maintenance easily and quickly, thanks to the
red button technology.
ƒ Integrated software functions and dedicated connections for mandatory
function tests speed up the process.

