L
o
<
o
o
=
LL
o0

BOOKLET

Adaptive Facades Training School 2018
"Retrofitting Facades for Energy Performance Improvement”

3th to 7th of September 2018
University of Belgrade, Faculty of Architecture, Belgrade, Serbia

Edited by
Professor Dr. Aleksandra Krstié-Furundzié¢
Ass. Professor Dr. Budimir Sudimac

ADAPTIVE FACADESEIIE

I

Organised and sponsored by

Srosk European COST Action TU1403 Q oo MGRADE
Snet EUROPEAN COOPERATION Adaptive Facades Network ARCHITECTURE



“"'lll AD&PTSVE FACADES 2018

Book title
Booklet: Adaptive Facades Training School 2018
"Retrofitting Facades for Energy Performance Improvement"

Edited by
Professor Dr. Aleksandra Krstic-Furundzi¢
Ass. Professor Dr. Budimir Sudimac

Technical Assistance
Aleksandra Ugrinovi¢

Training school 2018 logo
Aleksandra Krstic-Furundzié

Publisher
University of Belgrade - Faculty of Architecture

For Publisher
Prof. Dr. Vladan Poki¢, Dean

Place and year of publication
Belgrade, 2018

ISBN 978-86-7924-207-5
Printed by University of Belgrade - Faculty of Architecture

Printing in 100 CD

http://tu1403.eu
http://www.arh.bg.ac.rs/2018/05/03/training-school-2018-obno-
va-fasada-u-cilju-poboljsanja-energetskih-performansi-03-07-09-2018/?pismo=lat

The research published in this book was conducted during the Adaptive Facades Training school
in Belgrade realized within the project COST Action TU1403 - Adaptive Facades Network. We
are very grateful to Prof. Dr. Andreas Luible, chairman of the COST Action TU1403, and Prof. Dr.
Uta Pottgiesser, member of the Working Group 4 (Dissemination and future research), whose
suggestions supported the organization of the Training School 2018 in Belgrade.

Research within the Workshop can be useful for research in the field of architectural design and energy efficiency of
buildings, as well as contribute to further research within national scientific projects, such as TR36035 and 11143007.

Organised and sponsored by

~ e |: X ; b;RCHITECTURE
EUROPEAN COOPERATION Adaptive Facades Network

IN SCIENCE AND TECHNOLOGY




“"|||| ADAPTIVE FACADES 2018

Table of contents

1. About the Training School

1.1. Organising Committee
1.2. Preface
1.3. Schedule

2. Current Research

2.1. ESI Workshop
2.2. Participants
2.3. Research posters

3. Workshop

3.1. Task
3.2. Workgroups - Teams
3.3. Case studies
- Case Study | - Office building “Beogradjanka”
- Case Study Il - Residential building “Rudo”, the East Gate of Belgrade
3.4. Awarded workgroups and photos of all teams
3.5. Workshop Expert Committee

4. Pictures of Training School

-~ European COST Action TU1403 D e O BELAERE
v COos |: P ; b:pzcmrecrmae
EUROPEAN COOPERATION Adaptive Facades Network

IN SCIENCE AND TECHNOLOGY



About the Training School “"'"lADAPT'VE FACADES 2018

1.1. Organising Committee

Prof.Dr. Aleksandra Krstié-Furundzic¢
University of Belgrade, Faculty of Architecture, Serbia

Dr. Aleksandra Krstic-FurundZi¢, Ing.- Arch., is Professor at the University of Belgrade — Faculty of Architecture. Sev-
eral times was the head of the Department of Architectural Technology. Professional experience as an educator, ar-
chitectural design practitioner, researcher, and editor. Expert domains: Architectural constructions, Innovative fagade
and roof technologies, Energy efficient buildings, Passive and active solar systems, Industrialized construction, Build-
ing refurbishment technologies. She holds classes at Bachelor, Master and Doctoral studies at the Faculty of Archi-
tecture, University of Belgrade. She was a visiting professor at the Faculty of Architecture, University of Banja Luka,
BiH. She participates in the National Energy Efficiency and Technological Development Programs, and in a number
of international projects within the framework of European Cooperation in the field of Scientific and Technical Re-
search, where she was also a lecturer and trainer in Training Schools of several COST Actions, such as COST Action
TU1205, TU1104, TU1403 and CA16235, and for the last three she was also the organizer. She is Co-Founder and
Technical Director of International Academic Conference on Places and Technologies, which has for several years
been recognized at the regional level and beyond. Member of the Editorial Board of two international journals, and
several professional associations. Author of several books, a significant number of chapters in international and na-
tional monographs and scientific papers published in Energy and Buildings Journal, Renewable & Sustainable
Energy Reviews and other international journals.

‘

Ass.Professor Dr. Budimir Sudimac
University of Belgrade, Faculty of Architecture, Serbia

Dr. Budimir Sudimac (M), Ing.- Arch., is Ass. Professor at the University of Belgrade — Faculty of Architecture, Depart-
ment of Architectural Technology. His research is mainly focused on innovative building envelopes using green wall
components. Vice Dean for Finance at the Faculty of Architecture, University of Belgrade. In parallel to pedagogical
engagement, he undertakes professional work in the areas of architecture and urban design as a single author or
member of different teams. Author of several chapters in international and national monographs, scientific papers
published in international journals and international and national conference proceedings. He is member of the Scien-
tific council of international scientific journal SPACE & FORM and member of the Editorial Board of the national maga-
zine "TEHNIKA". Member of the Scientific Committee of several international conferences. Participates at architec-
ture and architecture-urbanism competitions and presents his works at group exhibitions in country and abroad.
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1.2. Preface
by Aleksandra Krstic-Furundzi¢

Introduction

Facades as part of the building envelope are considered to be the most important for achieving the proper indoor
comfort, for reducing the consumption of energy from fossil fuels and thus the CO2 emissions. The fact that newly
constructed buildings represent a small percentage in relation to the total building stock indicates the importance of
buildings refurbishment, while retrofitting of facades is crucial for energy performance improvement. Different refur-
bishment measures are available to improve thermal, light, acoustic and air comfort, as well as aesthetic values.
Design of energy efficient buildings is based on achieving appropriate energy performances, i.e. energy savings and
energy gains from renewable energy sources.

The point is to achieve active relationship between the building and the environment through the application of heat-
ing, cooling, ventilation and daylighting technologies that are based on natural forces (as pressure, temperature and
moisture differences) and the use of renewable energy, thus reducing environmental pollution. Establishing active re-
lationship between the building and its surroundings means adapting to natural and built environments, location; cli-
mate, annual and daily cycles (changes); various needs of users. In this respect, the concepts of adaptive facades
have been developed and are constantly evolving.

One of the objectives of the project "Adaptive Facades Network" - COST Action TU1403, within the framework of Eu-
ropean Cooperation in the field of Scientific and Technical Research, is to create the basis for exploiting recent tech-
nological developments in adaptive facades and energy efficient buildings, and to help train the future generation of
facade R&D professionals in Europe. Therefore, 2nd Training School was organized by the COST Action TU1403 and
the Faculty of Architecture, University of Belgrade.
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The purpose of the Training School 2018

The aim of the Training School "Retrofitting Facades for Energy Performance Improvement”, held in September 2018
at the University of Belgrade, Faculty of Architecture, was to educate students on adaptive facade systems and
assess the possibilities of their application in fagade retrofitting and resulting energy and environmental benefits. In
the period of five days, from 03 to 07 September, the teaching process included a theoretical block and workshop
(more detailed information about the content and organisation is given in the schedule). During the theoretical block,
frontal lectures were held by 12 lecturers, experts in the fields related to innovative facades, from 8 universities from
Europe, and five tutors helped the creative work of participants during the workshop. A total of 33 participants, PhD
and Master students, from 17 European universities had the opportunity to learn more about the design phases for
adaptive facade systems that included: Conceptual Design, Materials and Technologies; Performance Evaluation and
Mock Ups & Testing and Modelling/Numerical Simulation.

The education and training process

The education process included the following steps:

 Lectures ex-cathedra on concepts and technologies of adaptive facades and fagade retrofitting.

« Early stage investigators - ES| workshop. PhD and Master Students had the opportunity to discuss individual re-
search topics within interdisciplinary teams.

« 3-days Workshop on the integration of innovative fagade technologies into the building retrofitting.

« Two phases of project presentation in front of the critics and evaluation expert committee — concept presentation
and final presentation.

A very intense week of lectures and workshops enabled participants to learn from professionals and colleagues, and
meet fellow researchers from other European universities for networking.

Particular importance was given to social activities that included visit to locations selected for case studies (typical
Belgrade office and residential building), sightseeing of several historical locations in the city center, welcome dinner,
and Belgrade nightlife, guided by locals. This, like all other activities during the Training school, contributed to the
strengthening of friendship and business relations among participants.

Photo documentation of the Lectures (Photos: A. Krstic-Furundzic)
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Photo documentation of the Lectures
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(Photos: A. Krsti¢-Furundzic)

Training School showed the presence of an adaptive facade network and represented the acquisition of knowledge
and skills of experts of various backarounds from different Euronean universities.

List of lecturers and topics

Name and Surname

Affiliation

Lecture Title

Dr. Marcin Brzezicki

Wroclaw University of Science and
Technology, Poland

Adaptive Facade Concepts and
Typologies

Miren Juaristi Gutiérrez

University of Navarra, Spain

Smart and Multifunctional
Materials and their possible
application in fagade systems

Dr. Mark Alston

University of Nottingham, Faculty of
Engineering, UK

Climate adapted facades for
Belgrade

Dr. Aleksandra Krsti¢-Furundzic¢

University of Belgrade, Faculty of
Architecture, Serbia

Building refurbishment in the
context of adaptive facades

Dr. Budimir Sudimac

University of Belgrade, Faculty of
Architecture, Serbia

Green wall systems for energy
savings in buildings

Dr. Mislav Stepinac

University of Zagreb, Faculty of civil
engineering, Croatia

Structural concepts for adaptive
facades

Dr. Chiara Bedon

University of Trieste, Department of
Engineering and Architecture, ltaly

Structural aspects & case studies

Dr. Fabio Favoino

TEBE Research group, Department of
Energy-PoliTO, ltaly

lecture 1: Building performance
simulation of adaptive facades,
lecture 2: Performance, Time
conscious building envelopes

Dr. Roman Rabenseifer

Slovak University of Technology in
Bratislava, Slovakia

Post Occupancy Performance
Evaluation

Riccardo Pinotti

UNIBZ Free University of Bolzano /
EURAC Institute of Renewable Energy,
Italy

Building modelling using Trnsys
software

Dr. Thaleia Konstantinou

Delft University of Technology, Faculty of
Architecture, The Netherlands

Manager of Early Stage
Researchers (ESI)
Workshop/Session
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During the Workshop, participants developed concepts to improve the energy performances of facades of two
post-war high-rise buildings in Belgrade and learned how these concepts can be validated and improved with actual
simulation tools. The research and creative work of trainees was assisted by 6 trainers of different professional back-
grounds, which additionally contributed to the multidisciplinary approach, which is generally considered essential in
the design of innovative facades. The projects were presented in two phases to the critics. The first phase included
presentation of the concept of improvement of the facade of the existing building with an explanation of the approach,
various scenarios for facade improvement and criteria for decision making, as well as the functional and visual char-
acteristics of the selected solution. This allowed trainees to get additional suggestions for further project develop-
ment. The second phase was the final presentation of the entire project, with technical solutions and energy perfor-
mance analysis. The design solutions have been evaluated by the expert group. All participants received certificates
for attending the Training School 2018 in Belgrade.

Practical work and research during the 3 days’ innovative fagade design workshop were organized through 7 work-
groups-teams with members of different background (architecture, engineering, building physics), who have a re-
search interest in facade design and engineering, and adaptive facades in particular. Under given design conditions,
physical circumstances and technological constraints, using up-to-date knowledge, for certain types of buildings in
Belgrade, facade improvement has been created in order to achieve better functional, energy and environmental ef-
fects. The trainees have expressed a responsible approach in considering the issue of keeping or replacing the exist-
ing facade and proving their attitudes.

Photo documentation of the Workshop (Photos: A. Krstic-Furundzic)
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Conclusions from the workshop

The process of designing the improvement of the facade implied several stages. On the first day of the Workshop, the
existing situation, limitations and disadvantages were considered, and the concepts of facade with the integration of
innovative facade technologies were defined and discussed. The next two days were dedicated to the elaboration of
new facade concepts by digital simulation and modellmaking, as well as numerical simulations to verify the energy
consumption for heating and cooling. In the case of a business building, it can be noticed that some of the teams took
into account the fact that the building is one of the symbols of the Moderna period with dark color and hexagonal
shape, and therefore proposed a replica of the existing facade using innovative technologies. On the contrary, there
was a vision that the existing facade should be completely replaced with a new innovative concept. Both approaches
have resulted in interesting and realistic solutions with positive effects. In the case of a residential building, the im-
provement of the existing facade is considered suitable and the application of adaptive systems as a preferred solu-
tion in order to improve the energy performance and appearance of the building.

The overall/general impression is that trainees through their projects have shown a significant understanding of the
design issues of innovative facades. A very balanced quality of projects has made the selection of the best proposals
complex, but three projects have been awarded, among which are two proposals for improving the facade of the office
building and one for the residential building.
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Ewvening
20:00-23:00

Moming Afternoon
9:00-11:00 11:00-11:30  11:30-13:00 13:00-14:00  14:00-16:00 16:00-16:30  16:30-18:30
e = = e = = =
Aleksandra Krstic-Furundzic Mark Alston Thaelia Konstantinou Thaelia Konstantinou
Welcome and an ntreduction to Climate Adapted Facades for ESI Warkshop and Teambuilding ES| Workshop and
the Training School program Belgrade (WG 1) (45min) Part1 PhDiMaster Teambsilding Part 2
Marcin Brzezicki Aleksandra Krstic-Furunddit Postersiprogress raports discussion PhD/Master Postersiprograss
Adaplive Facade Concept and Building refurbishment in the of individual themesitopics in reports discussion of individual
Typologies, Kinetic Facades context of adaptive facades (WG inferdisciphnary teams (same teams themesitopics in
WG 1) {45 min} 1) {30 min) s for the warkshop) Room Coffe merdiscipinary teams (same
m” :;';ﬂ"" app Miren Jusrist Gutiérre2 Rgdm Cotd 200:: Budimir Sudimac Rg“ Kunch R;’Dm 254 break 1297535l e workshop)
’ Smart and Mullifunctional Green wall systerns for ensrgy break

Materials and their possible savings in buildings (WG 1)
apphication in tacade systems {20 mén)
(WG 1) {45 min}

Mislav Stepinac
Structurat Concepls for Adaptive
Facades (WG 2) (45 min)
Chiara Bedon
Room - Structural aspects & case
200 - studies (WG 2) {45 min)

Room Coffe

i

Fabio Favoino Buiding
performance simutation of adapbive
facades (WG3) (45min)
Roman Rabensetter
Room  Post-cerupancy Performance
200  Evabuation (WG 3) (45 min)

Fabio Favoine
Performance - Time conscious
building envelopes (WG 2) (0min)
Aleksandra Krsti¢-Furundiic,
Room  Budimir Sudimac, Nikela Macut
200 Infermation on s#e visit-Definition
and scope of the workshap

Excursion ALL
room e isito locaions for case
54 gqe | s typieel Beluee
1539 Office and residential buiding
15:30-20:00

(Welcome dinner

217, FurundZié, Budimir Sudimac, Djordie Stojanovic:
Room 254 - Coffe break - 11:00-11:30

Workshop "Retrofitiing Facades for Energy Perdormance Improvement”
Task: Definition and consideration of facade concept / Working in Groups
Rooms Support by frainers: Marcin Brzezicki, Riccardo Pinoiti, Niketa Perkowic, Aleksandra Krstic-

Reom Lunch
254  break

Workshop "Relrofitting Facades for Energy Concept
Performance Improvement® Task, pnmaﬁan
Rooms Definition and consideration of facade concept / 10 min each group with external
crifics: Jelena

247, Working in Groups/
218,

219, Sudimac, Djordie Stojanovic

220 Room 254 - Cofte break - 16:00-16:30

Support by frainers: Marcin Brzezicki, Riccardo Pinoth, vanovié-Sekularac, AF-BL.
Nikola Perkovic, Aleksandra Krsti¢-FunndZic, Budimir  Belgrade and

Anica Dragutinovic, hs-owl
Detmold

e e e e e S—

Workshop "Retrofitling Facades for Energy Performance improvement”

Task: Elaboration of facade concept by digital simutabion and modelimaking / Working in
Support by

Rigcardo Pinotti
Building modetiing using Trsys
soltware
Room Room Coffe
218 254  break

Workshop "Reirofitling Facades for
Energy Pedomance Improvement”
Task: Elaboration of facade cancept
by digital simulation and
Rooms modelimaking | Working in Graups

217, Support by trainers: Marcin

91, Breezicki, Riccardo Pinoit, Nikola

219 Perkovit, Aleksandra Krstié-

220‘ Furundzic, Budsmir Sudimac,
Djordje Stojancvié

Room Lunch
254  break

Groups
Irainars: Marcin Brzezicki, Riccardo Pinott, Mikofa Perkouic, Aleksandra Krsbic-
Rooms Furundzic, Budimir Sudimac, Djordje Stojanovic

(7,
218,
219,
20

Room 254 - Coffe break - 16:00-16:30

Detailed elaboration of the facade concept and

Workshop "Retrofitting Facades for Energy Performance mprovement”

Groups

217, Sudimac, Diordje Stojanovi

218,  Room 254 - Coffe break - 11:00-11:30
219,

20

of the final | Working i

Support by
ROOMS yraners: Marcin Brzezicki, Riccardo Pinott, Nikoka Perkowit, Aleksandra Kestié- Fuundzit, Budimi

Room Lunch
254  break

Workshop "Relfrofilting Facades for Energy

Perfarmance Improvement”

Detailed efaboration of the facade concept and
ROOMS eonasation of he final presentation | Working in

7,

Room 218 Final
Task:  public presentation of the
results of the Workshop
10 min sach group with external
rifics: Jelena

218, Support by frainers: Marcin Brzezicki, Ricearde Pinolhi, Ivanovic-Sekularac, AF-BU,
219, Nikola Perkovié, Aleksandra Krstié-Furundic, Budimir - Belgrade and

220 Susimas, Diorde Stoanows

Room 254 - Coffe break - 16:00-16:30

Anica Dragutinovit, hs-onl
Detmold

Time for party.
&ae the
Beigrac
nightlife, guided
by focals.

-—-—-—,,eeeee————————————————————————————————————
(designed by A. Krsti¢-FurundZic)

Schedule of Training School 2018
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2.0. CURRENT RESEARCH
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2.1. ESI Workshop

The early-stage investigators session - ESI Workshop was dedicated to the research topics of trainees who were doc-
toral and master students. For four hours, it was interactive and also team building activity. The leader of this session
was assistant professor Dr. Thaleia Konstantinou. Each student was obliged to prepare a poster describing his re-
search topic, with an emphasis on the structure of the research, before taking part in the Training School. Students
were divided into five-member groups with the task of discussing one of their research topics. In this way, students
get to know each other. The exercise was intended, on the one hand, for students to demonstrate the ability to clearly
and concisely explain the topic, and on the other hand to understand and present someone else's research. Based
on lectures held by the session leader and discussion with their peers, students had the opportunity to identify ways
to improve their current topics.

2.2. Participants

01 Ahmed Felimban Delft University of Technology, Netherlands

02 Ali Aghazadeh Ardebili University of Trieste, Italy

03 Aleksandra Ugrinovi¢ University of Belgrade, Faculty of Architecture, Serbia
04 Ana Konti¢ University of Belgrade, Faculty of Architecture, Serbia
05 Anka Mirkovié University of Belgrade, Faculty of Architecture, Serbia

06 Ariadna Carrobe Montalvo University of Lleida, Spain

07 Ashal Tyurkay University of Antwerp, Belgium

08 Berk Ekici Delft University of Technology, Netherlands

09 Ceciilie Gry Jacobsen The Royal Danish Academy of Fine Arts, School of Architecture
(KADK), Denmark

10 Dijana Savanovi¢ University of Belgrade, Faculty of Architecture, Serbia

11 Federico Bertagna University of Pisa, Italy

12 Jorge Luis Aguilar-Santana University of Nottingham, United Kingdom

13 Juan Manuel Cruz Norwegian University of Science and Technology (NTNU),
Norway
14 Magdalena Patrus University of Bath, United Kingdom

15 Mariana Velasco Carrasco University of Nottingham, United Kingdom

16 Marina Bagaric University of Zagreb, Faculty of civil engineering, Croatia
-~ European COST Action TU1403 R tra e
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17 Martina Di Bugno University of Pisa, Italy

18 Michael Michalis University of Cambridge, United Kingdom

19 Milan Varga University of Belgrade, Faculty of Architecture, Serbia

20 Milica Petrovi¢ University of Belgrade, Faculty of Architecture, Serbia

22 Miroslav Vuli¢ University of Belgrade, Faculty of Mechanical Engineering,
Serbia

23 Mohataz Hossain University of Nottingham, United Kingdom

24 Neda Dzombi¢ University of Belgrade, Faculty of Architecture, Serbia

25 Nevena Luki¢ University of Belgrade, Faculty of Architecture, Serbia

26 Nikola Macut University of Belgrade, Faculty of Architecture, Serbia

27 Paolo Bonato Energy Engineering, Politecnico di Milano, Italy

28 Tiantian Du Delft University of Technology, Netherlands

29 Valentina Frighi University of Ferrara, Department of Architecture, Italy

30 Valerie Vyvial Royal Danish Academy of Fine arts, Institute of architetcure
and technology, Denmark

31 Yesim Keskinelv Cardiff University, United Kingdom

32 Yorgos Spanodimitriou University of Campania "Luigi Vanvitelli", Italy

33 Zein Omar Arqoub Al-Doughmi Cardiff University, United Kingdom

2.3. Research Posters

This section shows the posters created by the Training School participants, which represent cur-
rent research of each participant.

-~ European COST Action TU1403 Lo LA
~ EDEt X ; “:RCHITECTURE
SUMOPEAN CODHERATION Adaptive Facades Network

IN SCIENCE AND TECHNOLOGY


http://www.tcpdf.org

Retrofitting Residential Building Envelope H"'"lADAPTNE FACADES 2018
Strategy: ENVELOPE SOLAR MANAGEMENT PHRE

» Ahmed Felimban, TUDelft, Faculty of Architecture, Department of Architectural Engineering and Technology
P Research information

Introduction, Background to the Research

The aim of the research is to investigate the needed building envelope
techniqgues in managing the solar effect on building energy consumption as
using the envelope (material, construction, design) as a layer of managing
the solar effect for the current residential building in Saudi Arabia, In close
understanding, testing and stimulation several typical residential buildings to
discover advance possibilities and evaluate the current state of residential
building energy consumption.

Research problem

The main problem in retrofitting residential building envelope is the initial cost
and time payback with respect of the end product quality. Many alternatives
are published but not tasted and stimulated in business model yet

Research Questions (Main Questions and sub question)

Main question

"How can retrofitting residential building envelope strategy be advanced to
meet the building owner budget and as of today's architectural

requirements?”

Sub-questions

1."What are the main causes of high energy consumption in the current
typical residential building envelopg”

2."How do the different building construction methods and material use
effect of application of this strategy”

3. "What are the constrains of this strategy when applying in current
situation”

RESEARCH Objectives

Envelope solar management strategy application has not been investigated
enough after the new movement "2030 vision”, the building owners are
subject to pay taxes and the government stop subsidising utilities. A new
strategy should be implemented to recover the gap.
This research looks into possibilities to find design strategy options and
technical solutions which allow more use of renewable energy in the building
envelope.

This will be done through the following objectives:

1.Defining current issue of residential building energy consumption.
2.ldentify key factors of that energy consumption

3.ldentify current design and constriction application

4_Analyse similar ca in other areas has similar context.

5.Appraise existing typical residential building and other type in same region. P Researcher:  Anmed Felimban
6.Develop a retrofitting strategy. P Supervisors: Ulrich Knaack, Tillmann Klein
7.1dentify key challenges that must be implemented for application P Time span: 2018-2021
8.Validate desirable option with building ewners. P Contact data: a.a.m.felimban@tudelft.nl
P Associated Publications:

RESEARCH Deliverabies
. None

(Clear description of the deliverables for the research work)
1.Review of current residential building

2. A summary of all possible strategy alternatives.
3.Building envelope retrofitting strategy

% ppeypeg e European COST Action TU1403 Q T e
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Design a method for risk management decision-making in resource I"I'

allocation and an index for measuring the “risk-taking capability”

ADAPTIVE FACADES 2018

BELGRADE

b Ali Aghazadeh Ardebili, industrial Engineering and Information, Department of Engineering and Architecture

» Research information

Introduction, Background to the Research (Research Theme)

The main theme is engineering risk management., there is a big gap in
current literature and the methods to accept the opportunities that could have
links to some threats in the projects. Nowadays Companies are looking for
any opportunity to have privilege in existing competitive markets, to distribute
the business, increase expected value of project or shortening the expected
time of the project. The new method is heading to intreduce in this PhD
research project that empower project managers to pursue the new steps
and gain the positive effects of a risky opportunity to open up new lines and
could be a management tool to support sustainability strategies, continuous
development and use innovative ways to reach objectives.

Research problem

A risk could have positive effects on the project objectives. this positive
effects could be associated with new threats and decision makers avoid The
risk for threats. But avoiding the risk will concurrently avoid positive effects.
Therefore, this risks defined as ‘“risky opportunity” in this project. The
Problems is the shortage of an efficient index to illustrate the risk taking
capability of a company and the procedure that enabie decision makers to
choose a risky opportunity to accept. On the other hand there is no index to
evaluate the resource consumption during accepting a risk.

Research Questions (Main Questions and sub question)

Main question

1."How the risk-taking capability could be assessed and increased?”

2."ls it possible to use a quantitative tool to support decision-making with the
aim to accept the risky opportunities and take only the positive effects?”

3."“Which resource should be chosen and how much of that resource should
be employed to accept a risk?”

Research Objectives

Main objectives

1.Design a method for evaluating (or measuring) the risk-taking capability' of
an organization.

2.Design a method to support decision-making with the aim to accept a risky
opportunity and abatement of the negative effects of the risks .

3.ldentify the most efficient resource and the amount of resource
consumption to make the project ready to accept a risk.

Secondary objectives

1.Introduce a method to motivating the companies in all sectors with the idea
of using the positive effects of uncertainty.

Research Deliverables

Theoretical: Theoretically 3 new concept considered to fill the gaps of
existing methods in accepting the risky opportunities

Methedological: Methodologically A group of curves will be the main result of
this analysis that is illustrated in previous slide, To create these curves we
need to consider the new terms risk taking capability, stress, and strain and
follow a new process that could evaluate the opportunities and risks together
in a network.

Practical: Practically with this method project managers could use an index
for evaluating (or measuring) the 'risk-taking capability' of an Organization or
project; Also, this methed is a teool to support decision-making to support
sustainability strategies simultaneously accept the risks of changes and
continuous improvements. Moreover, this method could help to identify the
most efficient resource and the amount of the resource consumption to get
the company ready to accept a risky opportunity.
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P Researcher:
P Supervisors:
P Time span:

P Contact data:

0.6 06 0.65 08 Strain

Ali Aghazadeh Ardebili

Elio Padoano

2016-2020
ali.aghazadehardebili@phd.units.it

P Associated Publications:
. AA. Ardebili,
Organizations to Accept risks: A Feasible Risk management,
7th international conference — Production engineering and

management For Industry Sustainability,

E. Padoano, F. Harsej (2017),

2017, University Consortium of Pordenone
. JURECSKA Laura, KIS Maja, TUMPA Andrea, AGHAZADEH

ARDEBILI

Ali,

GAJSKI Goran, (2017)

PlantPower

Prepare

Pordenone Sep.

Phytoremediation of Contaminated Soils in Former Minefields

of the Western Balkan Area, Krems, July 2017, Danube Future
Training Capacity Building Proceeding.
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The use of modern technologies and materials for the purpose of presenting arheological sites
EEmm———

b Aleksandra Ugrinovi¢, PhD student University of Belgrade, Faculty of Architecture

P Research information

Introduction, Background to the Research (Research Theme)

The thematic area | am researching is the application of interactive technologies and
materials in the reconstruction and presentation of cultural heritage with the goal of re-
vitalizing the abandoned and ruined parts of cities. The topic of the research is based
on the study of the principles of design in protected areas with a focus on the ways of
presenting archaeological sites in situ in urban and surrounding areas, pointing to the
observed problems in practice. A special accent was put on the study and monitoring
of the impact of climate change on the devastation of archaeological sites and the as-
sessment of the degree of its vulnerability.

Research problem

The topic of the research was initiated by the use of protective, balloon constructions
above archaeological sites in Serbia on which the protection services have been insist-
ing, which permanently devastate the findings and cultural landscape and do not allow
the museological presentation of architectural findings. The concept of the application
of protective balloon structures above archaeological sites has come from the Restora-
tion Theory of Cesare Brandi in order to present them in situ. The consequences that
followed the installation of protective balloon structures above archaeological sites are
manifested in the form of a greenhouse effect and cause a variety of other problems.,
Climate change contributed to the problems arising from the coverage of archaeologi-
cal sites by balloon constructions even more drastic. Due to this situation, in order to
prevent further devastation, many architectural findings have been buried, with the
presentation not being realized. Therefore, it is important to research the application of
modern materials and technologies for the renovation, adaptation and improvement of
implemented solutions by replacing the used materials to cover the site with new ones
in order to mitigate the adverse effects of climate change.

o —

o e .

il

Research Questions (Main Questions and sub question)

Main question

How to present archaeological sites in urban and non-urban settlements in ; . ; s '&
moderate-continental climate and enable tourist offer throughout the year? FresEriiEn o the Vi Rbians Sl oo s Cime putamcnn

Sub-questions

1. What are the ways / opportunities for presenting archaeological sites in situ?

2. What are the advantages and disadvantages of the application of protective balloon
constructions in order to present the archaeological sites in situ?

3. What technological procedures / methods are necessary to apply in order to solve
the problems?

Research Objectives

The objectives of the research are to:

1. Investigate the design skills of presentation of archaeological sites in situ.

2. ldentify constraints in design in protected environments.

3. Identify the key problems arising from the installation of protective balloon
structures.

4. Refine the mechanisms for remedying the problem.

5. Recommend and specify materials that can be applied when designing in
environments.

6. Develop design strategies in protected areas that will enable archaeological sites to
be opened for visitors to promote their publicity and enable sustainability through use. b Researcher:  Aleksandra Ugrinovi¢

P Supervisors: -

i

Archaeological site of Mediana, author of the protective, balloon construction Mile Veljkovié

Research Deliverables P Time span: 2017 -

The research will include: P Contact data: a.ugrinovic92@gmail.com

1. Acase study of the implemented solutions for the protection and presentation of ar- P+ Associated Publications:

chaeological sites in situ in domestic and foreign practice. Ugrinovié, A, Protective constructions in the function of presenting the remains

2. Overview of key issues of antique heritage, in the Proceedings of the Seventh Conference on Cultural
3. Investigation of the influence of constructive solutions, applied material and the Heritage "Cultural Landscape”, Institute for the Protection of Cultural Monu-
impact of climate change on the preservation of archaeological sites (Monitoring of ments of the City of Belgrade, Belgrade, 2016, 116-127.

changes in architectural findings; Experiment: measurement of temperature and hu-

midity before and after replacement of the materialization of the protective structure).

. UNIVERSITY OF BELGRADE
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Nano materials applications for conservation of cultural heritage: Nano- lime

» Konti¢ Ana, PhD Student, Architecture & Urbanism, Faculty of Architecture, Belgrade

P Research information

Introduction, Background to the Research (Research Theme)

The technological context of architectural conservation refers to the application of
scientific and technical informations and skills in the everyday practices of
preservation of cultural heritage. Research in the field of protection has shown that
since the industrial revolution and orientation to the use of cement mortars, there
have been serious consequences in the field of architectural conservation,
Degradation of natural materials, as a result of the use of cement mortar, initiated
a returning to organic materials and examination of their performance and
application in the protection of cultural heritage. The aim of this research is to go
further and investigate the use of nano-lime in conservation of cultural heritage.
Keywords: nanotechnology, nano-materials, conservation

Research problem

Nanotechnology is considered to be the most important theoretical and applicative
framework of human knowledge in the near future, breakthroughs are restricted to
few applications. The problem of research is the creation of line that connects the
basic criteria for conservatory treatment (compatibility, minimal intervention,
reversibility), the complexity of methodological approaches in architectural
conservation, and the application of scientific and technical knowledge in order to
increase the understanding of various factors in the process of protection of cultural
heritage.

Research Questions (Main Questions and sub question)

Main question

e How nano materials can be combined with more traditional ones?
® Can using of nano materials improve the performance of standard materials,
their durability, strength?

Sub-questions

What are the main approaches in nanotechnology?

How we produce nanoparticles?

What are the main properties of nanoparticles?

What are the main barriers in using nano materials in conservation of cultural
heritage?

A comparative analysis of nano-lime and classical lime mortar
Research Objectives

-Making the theoretical context

- Filtering the data

- Comparative analysis

- Experimental research to investigate the properties of nano-lime

- Experimetnal research and comparative analysis would give the answer,
what the main barriers are

-Identifiying key challenges

Research Deliverables

- Understanding correlation between conservation and nanoarchitecure

- Improve personal knowledge in technological framework of conservation of
cultural heritage

CcosE
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P Researcher:
P Supervisors:
P Time span:
P Contact data: konticana@gmail.com
P Associated Publications:

Konti¢ Ana, M.Arch
prof dr Nenad Sekularac, Associate Professor
February 2018.-

1.» Tpnkoewh, TujaHa "Hoeu marepujanu Ha Baan kpeya- HaHokpey", y Kpey
Kao wucropujckm marepujan, yp.Anekca Jenwkmh u [Oparad CraHojesuh,
115-125, Conohaun: Penybnuyky 33804 33 33WTHTY  CrIOMEHMKa
kyntype-Beorpan, 2014

2. Waked, AM. "Nano materials applications for conservation of cultural

heritage”, Structural Studies, Repairs and Maintenance of Heritage
Architecture XII, WIT Press, 2011
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Energy and Environmentally Sustainable Business-Commercial Facility

P Anka Mirkovic, University of Belgrade, Faculty of Architecture, Departmant for Architectural Tehnology

P Research information

Introduction, Background to the Research (Research Theme)

The aim of the research was to create a shadow from the analysis of the
sun's rays at different times of the day, and thus make it easier for users of
the facility to combine with the use of solar energy for the production of
energy that the facility itself would use.

Research problem

The main problem was how to integrate nicely and usefully, how to make A
innovative architecture, something different, and that such a design responds o | L
to the task s

Research Questions (Main Questions and sub question)

Main question

At what angle should we put on the shadows, how to make a pattern which
meets all the directions of the sun’s radiation.

Sub-questions

Should we deal with the form of an object or that the object be reduced, and
that the emphasis is put on the fagade or the shade?

Should we project a facility with a double ventilated fagade, with diminished
shadows or the single curtain wall, with the concept of shade designed in the
ways it could satisfy everything that is needed?

Research Objectives

Finding the position of the shades which is the best against the sun radiation.

Folding shades with the design.

Research Deliverables

P Researcher: arch Anka Mirkovi¢
The best position of the sun cover on the south side is the horizontal shade, B Supervisors: dr Aleksandra Krsti¢ - Furundzié
and for the east and west side it would be vertical shade. » Time span: 2017 - 2018

3t position for t anel with pl roltaic modules is horizontz - -
The be;t |:93|t{)| tcnlt 1(—,7 per.1.t | with ., Ic?t(?vt) |d|(. .n c.>c ules is horizontal to the P Contact data: anca.mlrkovic@gmal.com
south side because the sun is the most intense there, Y ¢ .
P Associated Publications:

H UNIVERSITY OF BELGRADE
c cosE Europea'n COST Action TU1403 Q b .
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Thermal behavior of earth rammed constructions built in cooperation projects.

» Ariadna Carrobé, Sustainable Energy, Machinery and Building research group, University of Lleida

P Research information

Introduction, Background to the Research (Research Theme)

Earthbag and superadobe are low-cost and environmentally friendly building
technigues that use raw earth to build structural walls, usually in dome
shape. This research analyzes the thermal performance and comfort of an
earthbag building located in Mediterranean continental climate by
experimentation in real conditions. Previous research held a construction of a
prototype in the University of Lleida Campus followed by the Training Medical
Center in Burkina Faso by the Emsimission NGO. Currently we are working
with the Western Sahara government in order to find a constructive system
that satisfies their thermal comfort needs.

Research problem
The biggest prablem we had is the lack of legislation. There is no current

legislation where we can base our developments on earth construction.

Nowadays, people is aware of the Earth extinction and sustainable issues, so
they are going back in time, copying the way our ancestors used to build so
as to be more environmentally friendly, but there is no support from the big
companies or government to invest more in this kind of technigues.

Research Questions (Main Questions and sub question)
Main question

How do earth rammed buildings perform in terms of thermal behavior in arid
climates?

Sub-questions
How do these buildings perform thermally in different seasons?
What is the impact of sunlight?

Research Objectives
To develop this research, the next research objectives have been defined:
1. Monitoring of th

e prototype dome in University of Lieida.

2. Free-floating and inside eontrolled temperature experiments.

3. Validation of the model using Energy Plus.

4. Comparison of different models changing parameters such as the
dimension of the window, the location...

5, Calculate the U-Value of the earth walls,

6. Determine the hours of thermal comfort. P Researcher: Ariadna Carrobé Montalvo
P Supervisors: Lidia Rincén and Ingrid Martorell
P Time span: Since december 2017
Earth construction in Burkina Faso and Western Sahara. b Contact data: ariadnacarrobe6@gmail.com
= Numerical models with Energy Plus to contrast thermal behavior of earth P Associated Publications:

Research Deliverables

buildings. + Article: Improving thermal comfort of earthen dwellings in sub-

+ State of the art in earth construction Saharan Africa with passive design. (Under development)
« EUROSUN 2018 paper: Thermal monitoring on an earthbag
building in Mediterranean continental climate. (Under

development),
Ees——— e
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Circular Construction: Repair, Renovation and Recycling Potentials of Plastic Building Envelope Components

P Ashal Tyurkay, University of Antwerp, Faculty of Design Sciences

P Research information
Interior exterior

Introduction, Background to the Research (Research Theme) t
Post-war technology encouraged multi-layered light-weight constructions in ullel &
building fagade systems. Either from aesthetics point of view, or from
technical functionality perspective, the incorporation of different plastics and fgam:rm"h"" g{ﬁgﬁ?‘m:ﬁawm i
composites in the light weight systems is almost inevitable and is done in any Fibre composite systems
of the following ways: as a finishing material (exterior or interior), as a 2_protective layers Polyethylene (PE), Polypropylene (PP)
protective layer, as a joint or connection element, or as a core element (Fig. Fwa{erf’m:cr:,ﬁ:::fma! i i cmondej':vq'{?m?mm Lk
1). The increase anld variety qf ex‘terior applications in residential buildings’ vapotic barrieifretardet) Ethylene Fropylene Diene Monomers (EBDM)
envelope systems is shown in Fig. 2 and is due to the improvement of Polyurethane (PUR)
weather proofing and energy savings. 3_sove Fibre o ite syst

a) | 4_interior finishing Fibre composite systems
Research problem
Despite all efforts to reduce the energy demands of buildings, the EU is -
facing an acute lack of efficient renovation of the existing building stock. M_ost o S ' Rl
approaches are singular and focus on adding insulation or on exchanging
windows while growing amounts of building waste by composite materjals — ]
mainly polymer modified (plastic) materials — are ignored. A holistic approach
is missing that considers the potentials of existing constructions, in particular m“:m: ii“:m“r:;fi!}: G
the building envelope, as a crucial element in the energy savings and E:f:nfn';“a Emw:wesi?‘:él’l '
efficiency discussion. ihesives) Styr fiene rubber (SBR)
On the other hand, the use of plastics raises concems due to high embodied Joats silicones (s), ) _
energy, its effects on health and safety, low levels of resistance against (gaskets, :mezlpﬁ:;?zzﬁrmm{“””}'
ageing, and consequential shorter life expectancy than of buildings and b) Etielzrra:;u, Ateyloteand polv;uiphidemla;m
reduced possibilities for recycling. For these reasons, appropriate application _ : :
and maintenance procedures should be applied to plastic components in b Fig. 1: Typical plastics components in the "generic layer madel” (a) and
building envelopes at construction/operation/post-use stage. the eonsiructinn echniques™ (b)

Research Questions (Main Questions and sub question)

Main question

How can the information about the performance and the embodied energy in
the building envelope system context affect the maintenance process? How
do we make decisions to maintain plastic components or systems of fagade
constructions? Why do we decide whether it should be replaced or repaired?

Sub-questions

- How is the durability and life span of plastics affected?

- How can the relation between material performance and material's
embodied energy be improved?

- What are the challenges that must be resolved in order to uniock the
opportunities of circular economy?

- What would be the economic benefits if plastic building components were
redesigned for recycling and reusing?

P Fig. 2: Typical exterior applications of plastic based materials in
Research Objectives contemporary buildings (Source: Inoutic, 2018)

Holistic approaches in the context of circular economy that take into account Research Deliverables
the potentials of the existing constructions are still quite fimited in research

and even more limited in practice. - Inventory of building facade constructions in Belgian post-war
In this research, it is aimed to develop sustainable strategies for maintenance buildings of Flanders Region

(repair, renovation and recycling) of plastic building (envelope) components - An integrated qualitative (performance) and qguantitative
in post-war heritage in Belgium. Typical facade constructions and plastic (embodied energy) model to evaluate building fagade systems
building components will be identified (1). Link between performance, - Optimised strategies and business models for maintenance and
embodied energy and economy will be established by categorising "ageing” re-use/recycling procedures

characteristics (2), evaluating their effects on facade performance,

interpreting the performance analysis results in relation fo plastic

components' lifecycle before and after use stage (3), and elaborating the

economic impacis of existing conditions the plastic building components are P> Researcher:  Ashal Tyurkay

in (4). To reinforce the ‘circular construction’, strategies will be proposed for P Supervisors:  Prof. Dr. Ing. Uta Pottgiesser
reintegrating the plastic building components into the lifecycle after the use P Time span: 2018 - 2022

stage. B Contact data: ashaltyurkay@gmail.com
Es———— | ——
|| = European COST Action TU1403 Ao o HeLaRADE
™ EUROPEAN COOPERATION Adaptive Facades Network LS



Computational Model for Self-Sufficient High-Rise Buildings

ADAPTIVE FACADES 2018

P Berk Ekici, TU Delft Faculty of Architecture, AE+T Department, Design Informatics Chair

P Research information

Introduction, Background to the Research (Research Theme)

The purpose of this research is to develop a computational -model for
designing self-sufficient high-rise buildings. Therefore twe main research
domains are involved. These are high-rise buildings and computational
intelligence. In order to develop the computational model, three main steps
are considered. These are developing parametric high-rise form generation,
implementing self-sufficient criteria to evaluate the building performance, and
make use of the power of computational intelligence to deal with complex
design task. Within this framework the fagade of high-rise buildings is one of
the most important aspect to focus.

Research problem

There is no doubt that high-rise buildings suggest new habitation alternatives
in ‘metropolitan cities to cope with the urbanization trend and population
growth, However, these buildings are not environmental friendly, because of
their massive body. Potentials of computational intelligence can be exploited
in order to design self-sufficient high-rise buildings in future.

Research Questions (Main Questions and sub question)

Main questions

+  Why do we need self-sufficient high-rise buildings in metropolitan cities?

= How can the adequate decision be provided for self-sufficient high-rise
buildings in the conceptual design phase using computational
intelligence?

Sub-questions

+ What are the essential parameters for self-sufficient high-rise buildings?

«  Which objective functions and constraints should be integrated in the
decision making process to reach self-sufficiency in high-rises?

* How can we develop performance criteria to evaluate the final model?

Research Objectives

In spite of current studies, which focus on how to decrease energy demand
of high-rise buildings in the literature, this research is taking into account self-
sufficient concept, which can be an important aspect for future urbanization.
In this regard, objectives of the research are listed as follows:

« Defining design parameters and perfarmance indicators of self-sufficient
high-rise buildings
« Investigating computational intelligence techniques to deal with complexity
« Developing parametric self-sufficient high-rise model
« Developing objective functions and constraints for optimization
Testing the model by means of case studies

Research Deliverables
Review on performance based design using computational intelligence

Framework of self-sufficient high-rise buildings
= Validated computational model

' Highrise forms on |
| different topologies |

- ——
' o N Mulii - Performance
/ L ;\ Evaluation
[ Compuiationa \
High-Rise DU ey
Perfirmance A

Berk Ekici

I. Sevil Sariyildiz, M. Fatih Tasgetiren,
Michela Turrin

P Time span: 2016-2020

P Contact data: B.Ekici-1@tudelft.nl

P Associated Publications:

P Researcher:
P Supervisors:

B.Ekici, I.Chalzikonstantinou, I.5.5ariyildiz, M.F.Tasgetiren, Q.K.Pan
A Multi-Objective Self-Adaptive Differential Evolution Algorithm for
Conceptual High-Rise Building Design. IEEE World Congress on
Computational Intelligence 2016, Vancouver, 2272-2279.
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Architecture and Extreme Environment (Alaska)
= B f—r———

P Cecilie Gry Jacobsen, The Royal Danish Academy of Fine Arts Schools of Architecture, Design and Conservation,
Master program: Architecture and Extreme Environments

» Research information
Introduction, Background to the Research (Research Theme)

Through a site-specific approach, this master program aims to respond to
present and future global challenges through research by design and
community engagement in form of active expeditions to remote areas of the
world. The research is going to focus on developing solutions that can
address the global environmental challenges the world is facing by using
Tanzania (2017-2018) and Alaska, USA (2018-2019) as stepping stones for
the research.

It is the intention to investigate the design potential in working with
technology by producing a 1:1 prototype and testing it on-site. It is going to
be tested by performance orientated design parameters, but also as a
process charged with aesthetic potential and cultural implications with
sustainable aims, from building scale all the way to detail.

Research problem

As a consequence of the climatic change the temperature is rising in Alaska
faster than in other paris of the world, and because of this the permafrost in
the underground, the sea ice and glaciers are melting, and that leads to
vulnerability for more and meore communities and the need to rethink housing
and building design.

Research Questions (Main Questions and sub question)

Main-question:

“What are the artistic potentials of working with technology not only as a
performance orientated design parameter, but aiso as a process charged
with aesthetic potential and cultural implications with sustainable aims in
Alaska’s environmental settings?"

Sub-question:

1."How to address and test the environmental difficulties in Alaska in form of
an architectural prototype both technically but also ethically?”

2. "How can this prototype design and expedition to Alaska be the key stone
in a site specific building design?”

Research Objectives

Through a site-specific approach, the aim is to respond to Alaska's climatic
challenges through direct on-site involvement in the form of active
expeditions where prototypes are put to the test and buildings are designed.
This is to explore the intersection between architecture, technology, culture
and environment in Alaska.

| |4
AEN
Hr \u

HL 4H

The process of the study will be:

1. Production of infographics and collecting knowledge about Alaska's » Researcher: Cecilie Gry Jacobsen

geological, cultural, environmental and economic background. B Supervisors: David A. Garcia, Thomas C. Bajstrup
2. Research and production of an architectural prototype. p Time span: September 2017 — Juni 2019

3. Expedition to Alaska with engagement in local community an testing of » Contact data: Stud5724@edu.kadk.dk

prototype. + i :
4. Dissertation and reflections of expedition work. P Assoclated Publications:

5. Creation of a site specific building design placed in Alaska.
Research Deliverables

1.Architectural site-specific prototype of building component or building
strategy.

2.Work dissertation of prototype technical and aesthetic performance in the
specific environment, this year in Alaska.

3. Prototype upscaled in building design

= & B EEEe——
~Scosk European COST Action TU1403 1\ i T
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Textile membrane structures in refurbishment of built heritage,
case study: The Medieval fortified towns in Serbia (Smederevo, Ram, Magli¢*)

P Dijana Savanovic¢, University of Belgrade - Faculty of Architecture, Department of Architectural Technology

P Research information

Introductlon Background to the Research

Research Questions
l‘ufl ain que stion

lication of this ty

interventions require

tion cor

g all the

requirements?”

Research Objectlves

P Researcher: Dijana Savanovic¢

P Supervisors:  Prof. dr Aleksandra Krsti¢ -Furundzic
Doc. dr Ana Nikezi

January — 2C

P Time span:
P Contact data:

with

esulting

with tipe

Slogy ¢
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Bending-Active Shading Elements for Building Skin Retrofitting

P Federico Bertagna, Department of Civil and Industrial Engineering, School of Engineering, University of Pisa
P Research information

Introduction

The use of fully glazed facades for office buildings presents the advantage of )
allowing daylight into the indoor spaces, improving the comfort and well being R R -
of the occupa{?:ts, However, transparent facades gan also represent a hazard i ! 'lN“'lhmil‘“hsl!l'““l
for the comfort of the users as the penetration of solar radiation inside the
building increases the internal thermal loads and leads to overheating during
the summer. Moreover, in areas under direct solar radiation, the glare risk
will also increase. The inclusion of a suitable shading system on the facade
is a method to mitigate these issues, providing effective protection of glazed
surfaces throughout the whole year.

This master thesis is carried out in collaboration with the Chair of Structural
Design at ETH Zurich, whose headquarters (Fig.7) is used as a case study.
In order to improve the current thermal and lighting conditions inside the fully
glazed building, a lightweight external shading structure is being developed
as part of a more extensive research on bending-active structures. The
combination of bending-active beams, whose structural behavior is based on
elastic deformations, with tensile elements - such as cables or membranes —
creates a lightweight yet sufficiently stiff structures that can be used as

facade Components‘ DAILY RADIATION PROFILE {5-E, 5-W, FOI&L]
Research Problem | '

An external shading system can represent an effective solution to mitigate
both overheating and daylight glare issues as it prevents direct solar radiation

from entering the building through glazed facades. However, thermal comfort s _ um ‘“ | I "

and glare risk are not the only parameters that have to be taken into account. NG LovERS
The preservation of a good visual connection with the outdoors and an
effective use of daylight as an alternative to artificial light are both aspects
that cannot be neglected in the design process.

However, fulfilling these different requirements demands conflicting
configurations of the shading system. The search for an optimal solution in
terms of shape and layout of the elements consists of finding a reasonable
compromise between the various parameters investigated.

DAILY RADIATION PROFILE [5-E, 5-W, TOTAL)

Sy lm
Juw2l_W1s 008

|
MORIZONTAL LOUVERS {07, 1,0 M) £ |||‘H||||“IH].
VERTICAL LOUVERS {307, 1,0 M) ¢

Research Questions

Main Question

How can facade shading elements be designed in order to improve the
energy performance of a building skin without compromising visual

DAILY RADIATION PROFILE (5-E, 5-W, TOTAL)

comfort?
Sub-questions Lo !
~  What is the optimal strategy to define the geometry of the R, i f|‘ Il i
shading elements taking into account all the conflicting permnras sows (6 L) e e R
demands?

Fig. 2 — Sample of solar radiation studies considering different shading systems,

- How can the evaluation of visual comfort aspects such as St Wastand Soulh-East fasadea

daylight glare be included in the process?
- How can these design strategies be extended to adaptive

facades?
»Researcher:  Federico Bertagna
P Supervisors: Eng. F. Leccese (University of Pisa)
Research Objectives Arch. Eng. P. D'Acunto (ETH Ziirich)
The objective of this master thesis is to provide an effective and Arch. Eng. L. Boulic (ETH Ziirich)
multidisciplinary design approach, incorporating the geometrical and » Time span: June 2018 — December 2018

structural demands of the shading elements as well as their performance in »Contact data: f.bertagna@outlook.it
facade retrofitting. PAssociated Publications:

- Analysis of the current state of the building in terms of solar exposition r: :th ods | Aass Sym:?cr:iznla 2018I E :st ona gg‘?ﬁ HO9.Aesily
- Development of new metrics and evaluation tools to guide the design of the . Carlucei S, Causone F, De Rosa F, Pagliano L, A review of
shading ?YStem def'r'ed_as part of dig:tal_parametric mOdletS . indices for assessing visual comfort with a view to their use in
- Strategies and guidelines for the design of the shading system resulting optimization processes to support building integrated design,
from a negotiation of geometric, structural, thermal and visual comfort Renew Sust Energ Rev 47 (2015), 1016-1033
demands
E— . .
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Integration of Dynamic Window Technologies for Reducing Heat Transfer and Energy Harvesting

P Jorge Luis Aguilar-Santana, Department of Architecture and Built Environment, The University of Nottingham

P Research information
Introduction, Background to the Research (Research Theme)

Heat transfer through building envelope occurs mostly due to window
interaction with environmental conditions; nowadays fenestration in buildings
accounts for more than 40% of energy consumption in household buildings in
the UK.

The aim of this research project is to develop an integrated ultra thin glazing
to achieve thermal control in buildings, using a series of dynamic fenestration
technologies (such as thermochromic, photochromic, Low-E and vacuum).
The goal is to reduce the “centre-of-glazing” U-value for window with
multipane composition which in recent years has been stagnated (reporting
2.5 and 0.9 W/m2K for Double and Triple Glazing respectively).

Research problem

Optimising window heat transfer by conduction and convection introducing a
highly insulated glazing material integrating static and dynamic technologies
for solar energy harvesting in Net Zero Carbon Buildings.

Research Questions (Main Questions and sub question)

Main question
What is the impact of windows in the overall heat gain/loss of buildings?

Sub-questions

» What are the novel technologies integrated in the window manufacturing
process?

= Which are the optimal technologies to tackle heat transfer through
windows?

+ What is the optimal technology for electricity harvesting in glazing?

Research Objectives

Analyse and generate mathematical models to predict the optical and
thermal performance of active and passive fenestration technologies and the
modelling of these windows in a FEM model (Using ANSYS and E+), with a
glimpse on experimental testing to measure the U-value of windows and the
interaction of these integrated in a PV module.

+ Research on novel technologies for glazing systems.

+ Design and develop a novel fenestration technology for heat transfer
reduction.

+ Analyse the integration of dynamic technologies of windows for temperate
and tropical conditions.

Research Deliverables

= Market research evaluation of current fenestration technologies.

« Report on optical, thermal and energy characteristics of glazing materials.

+ The impact of windows in the energy consumption of buildings.

+ Develop a mathematical model to predict the thermal behaviour of glazing
materials for industrial commercialization.

CccosE
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Roof = 0.16W/m2 K

Entérior Wall = 0.30W/m2 K

Windows = 2.00W/m2 K

Floor = 0.25W/m2 K

Typical U-values for traditional materials in bullding components. Adapt. from (lelle, et al,, 2012)

I

c3

SINGLE GLAZING — DOUBLE GLAZING — TRIPLE GLAZING —

VACUUM GLAZING —

Conventional U-values, SHGC's and Visible Transmittances for SG, SG, TG and VG,

I = Glass

I Spacer
o

| Air Gap

Colar of
T Aeflection
|| Glass

: EVA Sheet
+ PV cell
+ EVA Sheot
Glass

Diagram of c-Si PV window model. (Park, et al., 2010).

P Researcher:

P Supervisors:

P Time span:

P Contact data:

Jorge Luis Aguilar-Santana

Prof. Saffa Riffat

2017-2020
jorge.aguilarsantana@nottingham.ac.uk

P Associated Publications:

European COST Action TU1403
Adaptive Facades Network

Review on window technologies and Future Prospectus. A
0 state of the a lsis, 1720 International Conference

Energy Technologies, Wuhan China 2018,
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Behaviour of Passive Systems of Intrinsic control in Nordic and Mediterranean Climates
IEEEe——— f———————

» Juanma Cruz, Norwegian University of Science and Technology, Faculty of Architecture and Design

P Research information

Introduction, Background to the Research (Research Theme)

Nowadays, the building sector aims to accurately simulate and foresee the
energy needs of a building according to a certain number of parameters such
as thermal conductivities, cooling and heating loads or HVAC systems
performances. In addition, the interest in integrating Thermal Energy Storage
systems (TES) such as Phase Change Materials (PCM) in buildings has
increased significantly over the last few decades, becoming a potential
application to increase thermal mass in buildings.

This research analyzes the behaviour of an office building located in two
different scenarios, Barcelona and Trondheim, when PCM are introduced to
the building elements and when they are not.

Case study building
Research problem

The use of TES can overcome the lack of coincidence between the energy i DI W PRSI SN

supply and its demand; its application in active and passive systems allows '“;i’l".':s“ EXTERNAL GAINS “‘*“f&%ﬁ‘;‘*" FCH:PROPERTIES

Heating PCH
Cooling PCH
-=--- Heating No PCM
===+ Caoling Mo PLM

the use of waste energy, peak load shifting strategies, and rational use of

thermal energy. &
However, it is not easy to determine whether these systems can work in

accordance with the predicted simulation or the results will differ significantly.

Research Questions (Main Questions and sub question)

Main question

Which are the saving potentials of PCM for different climate such

as the Mediterranean and the Nordic when they are applied in the building
envelope and other construction elements?

Sub-questions o " r " . — . : ! . ’ '
Could Latent Heat storage systems such as PCM be the tool to P FFTFES F O & & &
avoid installing cooling plans in heating demand climates such as i ; g
Trondhiem or heating plants in cooling demand climates such as F & &£ Qa?“ & ¥ 5 _
Barcelona? s <& &

How the behaviour of passive systems of intrinsic control can be Sy TRONEHENS SISEPEFORT s MITIOM] Eonth pLasY

affected by factors difficult to predict and which are the factors SEI il ol U i
influencing the most the activation-deactivation cycle of phase
change materials?

Research Objectives

The research aims to find if there are benefits of using PCMs, to analyze the
behaviour of the building, when parameters difficult to predict affect the
building and eventually, to see if, using PCMs, it is possible to reduce the
heating in Barcelona and the cooling demand in Trondheim, so that there is
the possibility of avoiding installing a heating and a cooling plant respectively.

Research Deliverables

ABOVE 28 PTH . ABOVE 28 NO PIM
ABOvE 26 Pce ] ABOVE 26 MO PCM

Summary of results obtained after running the simulations for all the
parameters analyzed.
Graphical results showing the benefits, when there are, of using PCM in

different situations in comparison with the same building when PCMs are not b-Rusearchier: duanma Ciuz

incorporated. 3 3 .
Graphical results showing the behavior PCM when some parameters, like > S‘uperwsors. F_rancesco Goia and Albert C?Ste"
internal or external gains are different of the predicted ones. # Time span: Spring semester 2018 - Extendible
Diagrams showing the main factors affecting the behavior of PCM when b Contact data: juanma.cg.88@gmail.com
incorporated in the building elements for different situations. P Associated Publications:
IS e
. UNIVERSITY OF BELGRADE
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Optimal specification of Active Glazing when trying to avoid External Shading Devices

P Magdalena Patrus, University of Bath, Department of Architecture and Civil Engineering

P Research information

Introduction, Background to the Research (Research Theme)

The aim of this research is to investigate the current developments in the
active glazing technology, its performance and adaptability on the market.
Additionally, the study aims to assess the viability of specifying active glass
for commercial developments in the northern maritime climate as an
alternative to external shading devices which are often visually disturbing to
building's occupants.

Working alongside smart glass manufacturers, it is proposed to explore the
existing products and evaluate the current state of technology and industry's
readiness to apply the technology in practice.

Research problem

Extensive research in active glazing technology has been carried out for the
past few decades. Progressive advancement in materials sciences boosts its
performance potential and proves its effectiveness in solar control and the
likeliness to tackle existing limitations of external shading devices (i.e. view,
user-control, operation and maintenance issues). Nevertheless, there are
very little examples of its application in practice, and in the UK in particular,
not a single case study yet.

Research Questions (Main Questions and sub question)

Main guestion

How feasible as an alternative to visually disturbing external shading devices
can active glazing be?

Sub-questions

= Whatis the performance gap between external solar shading and active
glazing technology available today?

= What are the main barriers to application of active glazing in practice?

= How can operation of active glazing be optimized to satisfy user-control
and building’s energy performance?

Research Objectives

Determine the gaps in the knowledge (lit. review & industry survey)
Identify the reasons for the lack of practice despite numerous studies
emphasising high potential of the application of active glazing as a form
of solar control (industry survey).

Create active glass products database.

Develop a Toolbox enabling optimal specification of active glazing.

Test the Toolbox on a commercial case study building located in London
Analyse and compare the performance and capital cost of both solutions

m >

mmoo

Research Deliverables

= A summary of all key limitations related to external solar shading, active
dynamic glazing and summary of desirable performance parameters.

= Review of the active glazing technology and products currently available
on the market (Database).

« Toolbox enabling an optimal specification of the active glass with
reference to an input project's constraints.

CcoskE
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P> Researcher:
P Supervisors:
P Time span:

P Contact data:

Magdalena Patrus

Dr Steve Lo

June - November 2018
mp2071@bath.ac.uk
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The Impact of Fagade Technology on the Building Energy Performance
——t —
P Mariana Velasco-Carrasco, Department of Architecture and Built Environment, Faculty of Engineering, The University of Nottingham

——

P Research information -

Introduction, Background to the Research (Research Theme)

The building envelope remain as one of the most important exterior elements
for building functionality. While the fagade is an elegant component that helps
to define the unique architectural aesthetics of the building, it also has the
critical role related to energy performance and interior function of a
construction.

Extensive green
roof -

Fagades not only shape the appearance of building, they also determined the
indoor climate, energy consumption and operating costs of a building. They
directly influence the heating and cooling loads, and indirectly influence on
lighting loads when daylighting is considered. In addition to being a major
determinant of annual energy use, they can have significant impacts on the |
cooling system and electrical demand. Various fagade types will lead to Student Villa Retrofit Project

different energy performance of buildings, especially in respect of energy

consumption and thermal comfort.

|
|
-
Curtain wall

Research problem

How to evaluate the facade technology?
* Which factors determine the best periormance of a technology?

Research Questions (Main Questions and sub question)
Main question

How can we improve the energy performance of a building through the
fagade?

Sub-questions

1. How does the different facade technology impact on the energy
consumption?

2. How does the climate conditions affect the suitability of the fagade
technologies?

Facade materials

Research Objectives

1. Determine the effect of the fagade in the total building energy
performance

2. Measure the performance of different facades technologies, this can be
by testing or computational simulation

3. Analyse the performance under different weather conditions.

4. Propose improvements based on the tested results.
5. Develop an innovative energy efficient fagade technology suitable for CFD Analysis
climate adaptation.
Research Deliverables P Researcher:  Mariana Velasco Carrasco
P Supervisors: Prof. Saffa Riffat
1. Review the existing fagade technology. P Time span: 2017-2020

2. Do computational and experimental testing to measure the impact of the b Contact data: mariana.velasco@nottingham.ac.uk
fagades technologies on the building energy performance.

3. Develop an innovative facade technology with improved energy
performance.

| o | —| European COST Action TU1403 Q e
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HYGROTHERMAL PERFORMANCE OF A VENTILATED HEAVYWEIGHT BUILDING ENVELOPE

#» Marina Bagari¢, University of Zagreb Faculty of Civil Engineering, Department of Materials
» Research information
Introduction, Background to the Research (Research Theme)

The aim of the research is to investigate dynamic hygrothermal performance
of a ventilated heavyweight building envelope under real climate conditions.
Observed type of building envelope consists of novel prefabricated sandwich
wall panels. The specificity of those panels lies in utilisation of recycled
construction and demolition waste. It is proposed to explore the possibility of
upscaling recycled aggregate concrete (RAC) from laboratory experiments at
material scale to full-scale construction product implementation, which
requires proof-of-concept of RAC's suitability for energy high-performing,
moisture safe, durable and sustainable building envelopes.

Research problem

Novel prefabricated construction product was developed using recycled
aggregate from construction and demolition waste. Theoretically this product
is applicable for constructing low-energy buildings, however this has not yet
been experimentally confirmed at full-scale in real outdoor and indoor
environment conditions.

Research Questions (Main Questions and sub question)

Main question

.Can high-performance building envelopes be achieved with ventilated
prefabricated heavyweight panels made from recycled aggregate concrete?”

Sub-questions

1. ,How different orientations and indoor environments (use of occupants)
effect the hygrothermal performance of observed RAC panels?”

2. Whatis the effect of ventilated air layer on the hygrothermal performance
of observed RAC panels?”

3. \What are the potentials limits of observed ventilated heavyweight RAC
building envelope for different climate conditions and different terms of
building use?”

RESEARCH Objectives
Ventilated heavyweight RAC building envelope has not been researched in a

detail experimental and numerical hygrothermal  performance
characterization.

This will be done through the following objectives:
1. Hygrothermal characterisation of two different RACs (recycled concrete
and recycled brick as aggregate) at material level.
2. Full-scale hygrothermal characterisation of ventilated prefabricated RAC

sandwich wall panels under real outdoor and indoor environment. P Researcher:  Marina Bagari¢

2a) Design a real-time field monitoring system. P Supervisors: Prof. lvana Banjad Peéur, PhD

2b) Investigate the effect of different orientation and indoor environment, as P Time span: 2014-2020

well as the influence of ventilated air layer. P Contact data: mbagaric@grad.hr

3. Set-up the benchmark numerical model and validate it with experimental » Associated Publications:

results — perform parametric analysis of boundary and initial conditions which

should result with recommendations for design process of this envelope type. + M. Bagaric, I Banjad Pecur, B. Milovanovic, Preliminary monitoring
4. Quantify basic parameters of thermal inertia and evaluate thermal comfort. results of ventilated heavyweight building envelope from recycled

aggregate, IBPC2018, Syracuse, USA
RESEARCH Deliverables
« I Banjad Pecur, M. Bagaric, B. Milovanovic, I. Carevic, Construction and

1. Review of hygrothermal performance of heavyweight building envelopes demoiition waste as a resource for sustainable, very low-energy
(with conventional and recycled aggregate concrete). e e B
2. Installation of sensors, construction of family house with RAC panels,

S i s M. A ic, I. Banjad Pecur, Experimental investigation of hygroti /
commissioning of field monitoring system. lagusi o Petur. Brpevimcdier inESgaony of pyeliomms

performance of recycled aggregate concrete, Young Researchers’ Forum

3. Validation of numerical model. Recommendations for design process. I 2016, London, UK
— B
i e i | — t European COST Action TU1403 ﬁ . xpranme
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Public School requalification: Building energy analysis and facade redevelopment

» Martina Di Bugno, University of Pisa, Master degree in Building Engineering and Architecture

Py P BUILDING ENERGY ANALYSIS

Introduction, Background to the Research (Research Theme)

The aim ot the project is to improve energy performances of an old school
buiiding by working on its facade system. The research started from a
specific case study with the aim of creating a standard model which is
applicable to similar buildings. In fact, most of lalian school buildings were
built between 1960 and 1980, and by now they have lack of energy
efficiency. One of the most important aspects of energy redevelopment is
how to medify the existing facades by using new technology, in order to gain
higher energy performances.

Research probiem

The main problem is to redevelop a system which involves many
architectural features, like energy efficiency, enconomical sustainabiltiy,
maintenance problems, realization, architectural identity.

Research Questions (Main Questions and sub question)

Main question

“Whatis the smartest way of facade and building regeneration of existing
public buildings and what kind of project guidelines we should follow?"

Sub-questions

1. What kind of features should we consider when we talk of re-thinking
facades?

2. How to combine architecture and energy efficiency?

3. How to make an easy maintenance facade system?

4, To adapt redeveloping system to each case- study

ENERGY EFFICIENCY IMPROVEMENT
(I | =)

: - COMPOSITE THERMIC PAREL ENERGY EFFICIENT WINDOWS UM SHADING SYSTEM
Research Objectives " S

The first step is to analyze the entire building in order to find every structural N
and energy weakness. After that, it's possible to focus on what the building
needs: the most relevant issue is related to energy dispersion, so the main
theme of the study is to research the better system to improve fagade
energy performances.

The thesis aim is fo link fagade design with sustainable building strategy as
well as LEED certification: the chosen solution agrees with those
requirements. In fact, the facade project includes the use of thermic panels,
energy efficient windows and sun shading system, which provides an higher P Researcher: Martina Di Bugno

level of energy performances, with a reasonable economic impact. b Supervisors:  Prof. Michele Di Sivo

P Time span: 2017 - 2018

b Contact data: martina.dibugno@hotmail.it
P Associated Publications:

TR

Research Deliverables

1. Building energy analysis — ener erformances and heat bridges . ! . . : .
B & y R 9 Retrofit tecnologico e funzionale delle scuole Lenci a Viareggio.

Intervento secondo i protocolli di sostenibilita ambientale ed |

2. New performing facade research, final result S i Sk : X
P ¢ nuovi indirizzi pedagogici (Tesi di laurea), Martina Di Bugno,

3. Technologies involved in energy efficiency improvement. The new Pisa, 2018
building envelope is composed by thermic panels, energy efficient
windows and doors, and sun shading system.

EEE— . I —
. UNIVERSITY OF BELGRADE
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A new generation of responsive and energy efficient building envelopes

P Michalis Michael, EPSRC — CDT - Future Infrastructure and Built Environment, Department of Engineering, University of Cambridge
P Research information

Introduction, Background to the Research (Research Theme)

Recent developments in smart materials and sensing technologies provide an
unprecedented opportunity to develop a new generation of facades in the form of
engineered smart systems that can dynamically respond to the fluctuating external
conditions and internal demands of buildings. However, it has been identified that
there is a lack of effective simulation tools that can comprehensively model the
dynamic behaviour of adaptive envelopes and their control strategies. This
constitutes a limitation/barrier for engineering design, control and product
development, which has motivated the undertaking of this research.

Research problem

Reviewing the emerging technologies and simulation tools for adaptive fagades
and _Condummg. bwldmg_performance Simulations. aim FO assEss their ablhly_to Fig. 1: Photo of MATELab (Mobile Adaptive Technologies Experimental Lab) at
predict and design adaptive facades for the next generation of healthy, productive the University of Cambridge with part of simulation in Physibel-Bisco

and resource-efficient buildings. Identify opportunities, challenges and research
needs for the future simulation tools for adaptive facades and their control
strategies.

Research Questions (Main Question and sub question)

Main question

Can the existing Building Performance Simulation (BPS) tools comprehensively
model the dynamic behaviour of adaptive envelopes and their control strategies?

Sub-questions

1. What are the limitations/barriers of the existing BPS tools regarding the
modelling and performance analysis of buildings with adaptive envelopes and
their control strategies? Birs ; | s .

2. What are the opportunities, challenges and research needs for the future BPS N S |
tools for adaptive fagades and their control strategies? -

Research Objectives

1. Review current and emerging technologies for adaptive facades, their
simulation platforms and control strategies.

2. |dentify opportunities, challenges and research needs for the future
comprehensive and effective new simulation tools and technologies for
adaptive facades and control strategies.

3. Model an existing adaptive facade case study (MATELab) and try to establish
a shading system and an associated control strategy for the fagades intended
to be installed.

4. Compare envelope performance simulation results of two scenarios; with and

without shading system and control strategies applied to the model. e ], = =
5. Compare simulation results from Energy Plus and Physibel-Bisco. i {2 o
6. Validate the modeling with lighting and thermal experimental measurements =t e =
and data from the case study. - Rl

Research Deliverables

1. Opportunities, challenges and research needs for the future comprehensive "'_i:Zl:ﬂ:I:F———I'

and effective new simulation tools and technologies for adaptive facades and

contllo' SlrategieS‘ :::.E:'l L HEMT, PRI ON WINDOW CENTER, 140CM AFL ::o're‘";rE T THERMOCOUPLE
2. Comparison of six of the most widely-used software tools for modeliing of iéi: ﬁfo.’:f.?;"u";‘?ﬂ‘ié:&‘fiéggg{.ﬁl 55;:5.‘:’13?55;5“”
adaptive building envelope systems and technologies i 8. T1w o wacs e s oo An £51 acumn Daruossen iase
3. Comparison of results and conclusions derived from the simulation and S Iee G o poLe EMEDAAER AT
performance analysis of MATELab in Energy Plus and Physibel-Bisco. Fig. 3: The set up of the experimental validation of MATELab modelling
4. Comparison of results and conclusions derived from the performance analysis o
of MATELab with and without shading system and control strategy. P Researcher:  Michalis Michael
5. Research needs for the design of shading systems and control strategies in P Supervisor:  Dr. Mauro Overend
order to increase the energy efficiency of buildings and reduce the running P Time span: May-August 2018
cost and environmental effects. P Contact data: mmB34@cam.ac.uk
. UNIVERSITY OF BELGRADE
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The impact of software tools in free form surfaces materialization

> Milan Varga, PhD student,
Faculty of Architecture Belgrade University

P Research information

Introduction, Background to the Research (Research Theme)

With the rapid uptake of new computational tools and fabrication techniques
by the architectural profession there is potential for architecture and
materiality to be thoroughly examined inside the digital environment.
Innovative digital technologies are redefining the relationship between design
and construction and are processing the new ways of thinking about
architecture.

Digital fabrication emerges, as a computerised process of production
performed by machines that create objects described by digital data through
utilization of automatised processes.

Research problem

The main research problem is the design of construction systems capable of
handling the constanty advancing geometry of free form surfaces.

On a computer screen, forms seem to float freely, often without constraint
other than those imparted by the program and by the designer’s imagination.
This apparent freedom seems to question the most fundamental
assumptions regarding the nature of the architectural discipline, the
materialisation.

Research Questions (Main Questions and sub question)

Main question
“In which way is parametric software and digital scripting affecting the design
and fabrication of free form surfaces”

Sub-questions

“What are the most applicable solutions for free form surfaces construction
systems”

“Which connections or joints of geometry elements are the most appropriate
for different scaled objects”

Research Objectives

Familiarisation with key concepts in free form surfaces design and digital
fabrication.

Identify the most common connections and materials used in inner and outer
layers.

Explore the possibility of implementation in local context.

P Researcher:  Milan Varga
Research Deliverables B Time span: 2016-2020

. . . P Contact data: vargam9@yahoo.com
1. A summary of computational methods used to design and calculate free

form surfaces geometry and construction

2. Asummary of connections and elements used in their materialisation
3. New construction system prototype
e | ——
. UNIVERSITY OF BELGRADE
~~ EDEI: European COST Action TU1403 FACULTY OF
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Design principles for structures made of short wooden elements

P Milica Petrovi¢, University of Belgrade - Faculty of Architecture, Department of Architectural Technology

P Research information

Introduction, Background to the Research (Research Theme) 4 = f F

The aim of this research is to set up criteria for the analysis of structures A v A A v A
made of short wooden elements that would show their aesthetic, functional VAR VAV NS D %A N Vil
and technological advantages. With the advance in computer technology,
the numerical analysis of complex geometries became much easier and
opened new opportunities for architectural design. The subject of this
presentation are structures made of short wooden elements which are
created using design processes such as structural optimization and complex
modeling. Structural optimization is based on form-finding principles which
take into consideration static characteristics of structures and make them
primary criteria for design, while complex modeling deals with the relation
between real and digitals models in an infinite loop between material,
simulation and design.

Research problem

Since this topic became an architectural reality no more than ten years ago,
it still isn't fully developed. These new design methods are investigated
through architectural pavilions in only a number of institutes, so the
information is limited.

Research Questions (Main Questions and sub question) \é\ \é\ : \5& \5& %

Main question

>> Does computer design help establish a new methodology for forming
structures made of short wooden elements? <<

Sub-questions

« Are complex geometries a new approach in architectural design and if so,
can they be the basis for designing structures made of short wooden
elements?

* Is it possible to use complex modeling as a tool in everyday architectural
practice?

= Can structural optimization be used by architects as the key component of
structural design and is it necessary?

+ Does new design methedology change the aesthetics of a building and in
what way?

Research Objectives

To define a methodology for designing structures made of short wooden
elements, the following objectives must be fulfilled:

1. proposing a theoretical discourse regarding structures made of short
wooden elements that would help determine the criteria for their analysis *all the figures are fron

2. the analysis of material characteristics which are used for building these prasents
structures

3. the analysis of structural typology . .

4. the exploration of possibiliies for building structures made of shot ~ »Researcher: Milica Petrovic, MArch

artin Tamke's workshop at KADK
hie article "Genarated lamella"

wooden elements through compiex modeling and structural optimization D-S_l.lpervisors: dr Nenad Sekularac, Associate Professor
5. validation of aesthetic, functional and technological advantages of these »Time span: February 2016 -
structures P Contact data: milica.petrovic.ml@gmail.com

P Associated Publications:
Research Deliverables

Tamke, Martin, Jacob Riiber, and Hauke Jungjohann. "Generated
The contribution of this research is first and foremost the expansion of lamella." Acadia in:formation (2010): 340-347.
theoretical discourse regarding design methodology of structures, The idea

is to build a prototype pavilion which would follow all the design principles Bletzinger, Kai-Uve, Roland Wiichner, Fernal Daoud, and Natalia
defined in the research so that conclusions about the advantages and of Camprubi, “Computational methods for form finding and optimization
these structures can be made. of shells and membranes.” Computer methods in applied mechanics

and engineering 194 (2005). 3438-3452.

Popovic Larsen, Olga, and Andy Tyas. Conceptual Structural Design:
Bridging the gap between architects and engineers. London:Thomas
Telford Limited, 2003.
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REFURBISHMENT OF UNIVERSAL SPORT HALLS BUILT IN BELGRADE FROM 1960-1980

P Mirjana Mileti¢, PhD Studies, Faculty of Architecture, University of Belgrade, Serbia

P-Research information

The aim of this research is to investigate the application of Ly RN I
different passive technologies in sport halls within the sport . ' :. mE

centres that may be productive in energy saving. The case ' e f '
study includes sport centre built in 1974 in Belgrade, Serbia.
Benefits of applying of different measures, thermal insulation,
than green facades and new openings, on the building
structure are investigated in the sense of reducing total annual
energy consumption for space heating, as well as conditions
related to the comfort of the indoor environment. All created
conditions were simulated in software package Integrated
Environmental Solutions Virtual Environment, IES VE 2017.

Research problem

Subject of the research is checking of possibility, strategies and
techniques to achieve energy optimization in the processes of
refurbishment of universal sport halls in sports centres as well
theoretical and analytical audit of quality of each implemented
measure according to the existing rules and defined comfort
conditions.

Research Questions (Main Questions and sub question)

Main question

Basic research question is which extent in improvement we

should take to improve these facilities. Research should give

basic directions for improvement measures of thermal insulation -
materials and use of passive features. N

IR ll. 108 128 TR I! i

Research Objectives

Results of this research can find direct implementation in
refurbishment of sports facilities in the aim of achieving energy
saving by minimizing interventions. Results can have practical
use because of implementation of the measures that present
realistic situation.

P Researcher:  Mirjana Mileti¢

P Supervisors: Aleksandra Krsti¢ Furundzi¢
P Time span: 2014.-2018.

b Contact data: mirjana.miletic@pr.ac.rs

P  Associated Publications:

Mileti¢, M., Krstic-Furundzi¢, A., (2018) Energy refurbishment of a
public building in Belgrade, Conference paper, Places and
Technologies 2018, Belgrade, 26-27. april 2018. p.348-356.

Practical use of results for Spor‘t bUIlangS of defined capacity, Stamenkovic, M., Miletic, M., Kosanovic, S., Vuckovic, G., Glisovic,
S., (2017) The impact of a building shape on space cooling
energy performance in the green roof concept implementation,
Thermal Science, https://doi.org/10.2298/TSCI170425205S

Research Deliverables
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Research of the potentials for the application of heat pumps from the aspect of different work modes
EEE—— g

P Miroslav Vuli¢, Faculty of Mechanical Engineering, Department of Thermotehnics

P Research information

Introduction, Background to the Research (Research Theme)

The aim of the research is to investigate the various operating modes of the
heat pump both for the heating and cooling function.

In addition, an important aspect is the rationalization of primary energy
consumption, as well as the optimization of the entire system.

Research problem

Research problem is dimensioning of the entire heat pump system, and it is
reflected through :

« Dimensioning of the heat pump;

« Dimensioning of the heat source;

» Determination of heat source.

Research Questions (Main Questions and sub question)

Main question

The main issue concems the selection and optimization of the entire heat
pump system, as well as operating modes, according to the conditions in
which the facility is located.

Sub-questions

« Rationalization of primary energy consumption;
Rentability of the heat pump plant;
«  Comparison with other heating systems.

Eyrm b
e
RIS T T
et e e

Research Objectives

The objectives of the research are achievable through the following activities:

+ Examination of the temperature difference of the heat source and heat
sink:

« Selection of the appropriate refrigerant;

« Adequate choice of heat pump depending on the location of the facility;

+ Calculating of the consumption indicators and optimum consumption;

« Comparative analysis of the optimal consumption with real parameters
during the entire measuring season;

« Financial analysis through consumption, profitability, sensory, actuators
and others.

SUMMER WINTER

Research Deliverables

= Review of the current researches in the same field;
= Data collection;
Techno-economic analysis of heating objects with heat pump water-water P Researcher: Miroslav Vulié
! draw-well in the bivalent system with the gas boilers. » Supervisors:

P Time span:

¥ Contact data: miroslavvulic.ds.mfb@gmail.com

P Associated Publications:

. M. Vulic, K. Vujicin, Techno-economic analysis of heating
objects with heat pump in the bivalent system, ICREPS 16,
Belgrade, Republic of Serbia

. M. Vulic, K. Vujicin, Application of Linear Regression Analysis
in Practice — Plant for Building Heating with Heat Pumps, KGH
2016, Belgrade, Republic of Serbia

. M. Muli¢, K. Vujiéin, Using of geothermal energy in the function
of environmental protection, KGH 2017, Belgrade, Republic of
Serbia
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Building Fagcade and Ventilation Strategy:
Improving Environmental Condition of Workspaces of Garment Factories in Bangladesh

————— E——
P Mohataz Hossain, Department of Architecture and Built Environment, The University of Nottingham, Nottingham, UK
P Research information
Introduction, Background to the Research (Research Theme)
In the tropical climatic context of Bangladesh, most of the workers in

garments factories suffer from discomfort in their workspaces and a range of
health proble gh indoor temperature and poor air distribution.

15 due to the hi

ith a deep floor-plate and low ceiling heights, usually
tilation using extract fans located on the external
ig active ventilation strategy is unable to provide
the worke ary thermal comfort. This research aims to id f
viable d ies that can improve the indoor thermal comfort within
the workplaces of existing multi-storey garment factories in Bangladesh

employ farced crc
walls. However, the ex

Research problem

There is an abser

of studies based on field evidence from garment
factories that quantify the issues surrounding existing thermal conditions in
different production workspaces during various climatic seasons. Moreover,
no previous research identified the feasible solutions designed to improve the
indoor thermal performance of both existing and new garment factory
workspaces.

Solar radiation on south facade

Research Questions (Main Questions and sub question)

Main question

External solar heat gain
' " Esy : P Ak e s e e Solar radiation at ground level
What are the viable design strategies that can improve the thermal comfort Avg: dally solar radiation (Watt-hour)

and indoor environmental condition of workspaces within existing RMG
factories in the tropical climate of Bangla
Sub-questions

mnin

A, What are the factors that influence the thermal environmer
workspaces in RMG factaries and how do thes ry between the seasons of
Bangladesh?

B. What are the thermal comfort guidelines and the workable design
strategies to minimise the environmental issues within these workplaces?

Foxintmg wandbaws, (43% effiective opeming)

C. To what extent are the workable design strategies beneficial in terms of
improving workers' thermal comfort within the workspaces?

e

Research Objectives

1. To identify the environmental design parameters that influence the indoor
thermal comfort of workspaces. including those of RMG factories, in a
tropical climate.
2. To identify and assess the feasibility of passive design strategies in
xisting multi-storey RMG factories of Bangladesh
3. To identify the key parameters that influence the thermal environment of
workspaces in existing RMG factories during the climatic seasons in P Researcher: Mohataz Hossain
Bangladesh. » Supervisors: Dr Robin Wilson, Benson Lau, Brian Ford
4. To identify mal comfort guidelines and workable design strategies to and Dr Yupeng Wu
minimise the issues (based on Objective 3) within RMG work 3 P Time span: 2013-2019
5. To explore the environmental benefits of applying the workable design » Contact data: mdmohalaz.hossain@nottingham,ac,uk
strategies in existing RMG factories. » Associated Publications:
i = MM, Hossain, B. Lau, R. Wilson & B. Ford. Effect of Changing Window Type and

e e Ventilation Strategy il T Existing i

Factories in Bangladesh, Architectural science review, 60(4), 299-315, 2017,
«  M.M. Hossain, B. Lau, R. Wilson & B. Ford. Air Temperature vs Energy Efficiency

B

@

space

1. Review of suitable the
2. The key desi

'mal comfort guidelines and design strategies

gn parameters influencing the indoor thermal comfort of of Workspaces: A field investigation in garment factories during cool-dry season,
garment factory kspaces. SET 2016, Singapore. 2016.
3. Adaptive thermal comfort guidelines and workable design strategies to « MM, Hossain, B. Lau, R. Wilson & B. Ford, Evaluating Ventilation Performance of
minimise the existing issues based on field survey. Work-Spaces in Ready-made Garment Factories: Three case studies in
4. Quantifiable effect of retrofitting existing building facades and changing ﬁ;’f”‘ﬁm_‘q?mﬁ i”;g”f;mf L3, " —
sentilation strategies on indoor thermal environment. *  MM. Hossain, B. Ford. u. Improving Ventilation Condition of Labour-
¥enHEIo S el RIVHOHmISHT intensive Garment Factories in Bangladesh, PLEA 2014, Ahmedabad, India. 2014.
— —_—
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Investigation of composite plywood material as element of Exoskeletion structure

P Neda DZombié, PhD student, University of Belgrade, Faculty of Architecture

P Research information

Introduction, Background to the Research (Research Theme)

Plywood is one of the important wood-based composites produced from
different species of trees, made by bonding together pieces of wood in
perpendicular direction between each other. Curent application of plywood
panels in architecture primarly is non-structural aplication, that is application
for coafing elements, constructive aplication as secundary elements of
structure (horizontal and vertical diaphragms). In order to expand their
application, methods for improving the quality of veneer panels are being
examined today. The most common method is the reinforcement of veneer
sheets by materials based on polymer reinforced fibers (FRP). This
reinforcement creates new composite products whose constructive
characteristics are significantly improved.

The aim of the research is to investigate possibilities and needs of use and
application of composite plywood material as primary structural
elements, elemenis of spatial structures or the entire structure of
architectural objects

Keywords: plywood, engineered wood, FRP, spafial structures, structural

elements

Research problem

Problem of research is observation behavior of the new constructive material
and its advantages, disadvantages and limitations. This material is new one,
and its application is being tested on small objects and pavilions. However,
production of complex geometry or curved elements has not been tested yet.

Research Questions (Main Questions and sub question)

Main question

= What are the potential limits of composite plywood material and can we
used it for entire structure of architectural objects?

= For widening its application panel shear strenght is important mechanical
characteristic, how can we improve it?

Sub-questions

» How can we produce panels of curved geometry, without damaging the
structure of panels?
*  What are the potential limits of this products?

Research Objectives

Application of composite plywood panels is not investigated. Previous
research is based on experimental testing its mechanical properties. This
research should analyse previous research of mechanical properties and find
possibility of application this panels in architecture.

+ Analyse mechanical properties of panels reinforced with glass or carbon
polymers.

+ Comparative analysis of products different reinforced.

« Experimental research of panels mechan properties.

+ ldentify key problems that hinder or limit their architectural application.

+ Examine the possibility of forming free forms of this material.

Research Deliverables

« A summary of all key problems prioritised by importance.

+  Summary of desirable performance parameters
* Make prototype model of object in small scale to test structural behaviour.

CcosE
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|ICD-ITKE Research Pavilion 2011, ICD-ITKE University of Stuttgart. Photo by Roland Halbe.

Rryuichi . Folded structure at Agqua is Osaka Event Photo by RAA.
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P Researcher:
P Supervisors:
P Time span: 2015-

b Contact data: dzombic.neda@gmail.com
P Associated Publications:

DZombi¢ Neda, M.Arch
Nenad Sekularac, Associate Professor

Bal, Bekir Cihad, ibrahim Bektas, Fatih Mengeloglu, Kadir Karakus, / H. Okkes Demir.
2015, ,Some technological properties of poplar plywood panels reinforced with
glass fiber fabric." Construction and Building Materials 101 (Part 1) 952-957.

Bal, Bekir Cihad, / Ibrahim Bektas. 2012. ,The effects of wood species, load direction,
and adhesives on bending properties of laminated veneer lumber.”
BioResources 7 (3); 3104-3112.

Davalos, Julio F., Pizhong Qiao, / Brent 8. Trimble, 2000. ,Fiber-Reinforced

Composite and Wood Bonded Interfaces: Part 1. Durability and Shear
Strength." Jounal of Composites, Technology and Research 22 (4); 224-231.

UNIVERSITY OF BELGRADE

ARCHITECTURE
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Building performance simulations of the adaptive facade systems
- determination of problems and possibilities
——— —

P Nevena Luki¢, Faculty of Architecture, University of Belgrade, Department of Architectural Technologies
P Research information
Introduction, Background to the Research (Research Theme)

Adaptive facade systems have a potential of both significantly reducing the
energy use in buildings and improving the level of indoor environmental
quality still responding to the application of innovative materials and design
solutions. The adaptive facade systems, while having large technical
potential and many concepts developed are not widespread solutions. The
problem in further development and mass implementation of these systems
is the lack of information and systematic approach in the architectural
research, which could be overcome with the use building performance
simulation. Building performance simulation has the potential of providing the
needed information to all sides included in the designing process of these
systems as well as various simulation activities testing the performance of
the adaptive facade concept insuring adequate building comfort.

Research problem

Building performance analysis is an adeguate tool for testing performance of
different facade concepts, but it is usually used in the sfatic conditions
analysing traditional systems and materials. Adaptive facade systems regard
more complex approach because of their capability to change their behaviour
in real time, according to indoor-outdoor parameters, innovative materials
and systems used, occupant behavior, etc. Through this research the
potential of building performance analysis is examined, as well as the
problems that need to be overcome in order to contribute to the further
development of adaptive facade systems and their greater application.

Research Questions (Main Questions and sub question)

Main question

What are the problems regarding building performance simulations of the
adaptive fasade systems?

Sub-questions

How are the adaptive facade systems classified?
Is it possible to use current building performance softwares and how?
- Are the results of building performance analysis compatible with
occupant feedback and in-situ analysis?

Research Objectives

The aim of the research is to determine problems regarding building
performance simulations of the adaptive fadace systems — lack of systematic
approach in analysis of adaptive facade systems, availablility of adequate
softwares and possible usage, as well as comparison of performance
analysis results in regard to occupant feedback and in situ analysis.

The objectives of the research are: P Researcher: Nevena Luki¢
- Systematization of the existing literature and types of classification of b Supervisors: prof. dr Aleksandra Krsti¢ Furudzié
adaptive fagade systems P Time span: 2018

Defining the methodology of building performance analysis of adaptive » Contact data:
facade systems - criteria for the analysis of adaptive facade systems, 2
software / software combinations and types of analysis

Comparing building performance analysis with in-situ measurements and
oceupant response

nevena.lukic@arh.bg.ac.rs
P Associated Publications:

Research Deliverables Anesample of adaplive fasade design and bulding performance analysis
leage sourre.

. . . . L it scroasha-oache:AhE 2l0ima. eon Sginatl R 1724 E1 a3feSRS ing =
Review of current research and systematization of current Adaptive o e i i T e S A e e e
facade systems 3ipa? 1441200985
Methodology for building performance analysis of adaptive facade
systems “This research is a topic of the Research Seminar during Phd studies - Architecture-

- technology-envircnment (supervised by prof. Dr Aleksandra Krstic = Furundzic)
- Case study resulis

B UNIVERSITY OF BELGRADE
c E OE E-Em Eurzpea_n COST :‘-j\ctmn TU 11(03 FACULTY OF _
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Problems of reconstruction of reinforced concrete fagades

“"||| ;ADAPT:IVE_I FACADES 2018

b Nikola Macut, University of Belgrade, Faculty of Architecture, Department of Architectural Technology

P Research information
Introduction, Background to the Research (Research Theme)

Research theme is related to the analysis of possibilities of reconstruction
and energy renovation of facades of residential muitifamily buildings in New
Belgrade (Serbia), built since late 1950s until the late 1970s, which today
present architectural heritage: Buldings were constructed by the use of
prefabricated and semi-prefabricated systems and reinforced concrete was
the main applied material. Today after approximately 50 years of exploitation
those buildings. are not in the good condition and facades have various types
of damages so they need large scale reconstruction and also energy
renovation

Research problem

The basic research problem presents the affects of applied reconstruction
and renovation principles on the protection of original appearance of
reinforced concrete facades which have to be reconstructed and energy
renovated.

Research Questions (Main Questions and sub question)

Main question

-‘How is it possible to reconstruct or repair elements of facades and do
energy renovation without changing the original appearance of those
elements?”

Sub-questions

1. "How do the geometries of fagade elements affect to the possible applied
principles of reconstruction and energy renovation of analysed facades?”

2. "How do the applied finishing layers (coatings, exposed concrete, coulier,
ceramic or glass tiles) of fagade elements affect to the possible ways of
reconstruction and energy renovation?”

3. "How do the types of fagade damages affect to the scales of
reconstruction?”

4. "“What are the main principles for preventing the criginal appearance of
fagades during the processes of their reconstruction and energy renovation?”

Research Objectives

This research was done throughout specific steps in case of creating
possible methodologies for reconstruction and energy renovation of
reinforced concrete facades:

. Field research and taking photos of buildings and their facade damages,
. Mapping of present damages,
Analysis of technical drawings of selected buildings,
Analysis of different types of literature which are related to research topic,
. Creating typology of present damages,
. Analysis of possible meassures for reconstruction and energy renovation,
7. Creating possible methodologies for reconstruction and energy renavation
in case of selected residential buildings.
Note: Steps 2., 3. and 4. were done parallel.

Lo o I < L I o

Research Deliverables

1. Creation of typology of present facade damages of analysed buildings.

2. Creation of methodologies for facade reconstruction and energy
renovation.

3. Results of analysed applied methodologies for reconstruction and energy
renovation in case of preventing original appearance of facades.

CccosE
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Prefabricated facade panel lime-cement plaster 2cm
o oo replaced layer of
Inside ~ Jnside  thermal insulation 10cm
I N ,."'\. i ] 1 ||. i El
outside  lime-cement plaster 2cm outside  precast concrete 7cm
light weight concrete Tarofit 10cm
precast concrete 7em
Existing condition Possible energy
impovement meassure

Nikola Macut
Ana Radivojevic

P Researcher:
I Supervisors:
P Time span: 2013-2019

P Contactdata: nikola.macut@arh.bg.ac.rs
P Associated Publications:

< N. Macut, A. Radivajevic, Prefabricated concrete facade and their
existing condition: case study of New Belgrade’s residential
buildings, SAHC 2016, Leuven, Belgium

= N. Macut, A. Radivajevic, Problem of protection of original
appearance of prefabricated concrete facades and energy
improvement measures-example New Belgrade, P&T2016,
Belgrade, Serbia

= N. Macut, A. Radivajevic, Preservation of original appearance of
exposed concrete facades, case study: Residential block 23, New
Belgrade, P&T2018, Belgrade, Serbia

UNIVERSITY OF BELGRADE
F/
ARCHITECTURE
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On the integration of PCM in Building-Integrated Solar Thermal systems

b Paolo Bonato, Eurac Research, Institute for Renewable Energy

P Research information

Introduction, Background to the Research (Research Theme)

The PhD topic focuses on mu
ihermal collectors. Building
consent to exploit the solar
the thermal loz

ifunctional facade elements that embed solar
i | hi :Ol".-"=|it;-.‘h (or BIST)
ation |mp|nu|r|; on ‘f‘r" fagade to cover part of
[ g DHW) in both tertiary and
is context, the possibility to integrat complete
ting, storage and e sion of solar heat) can
and interesting plug and play solution for curtain wall

represent an innovative
modules.

of multifunctional fag |_1f le
em (picture on the s

g issue “P.- this solution is rep
e does not represent ar
limited to the d

5 on a first prototy
solar t
3 critical and limiti
. A "JEET“I sto

)y the thermal <

Research Questions (Main Questions and sub question)

Main question

w convenient is the integration of PCM in a BIST as thermal energy

Sub-questions
1. “What are the main lf—*u\l”\lur;rba limits to the integration of PCM in

facades (durability
“Wha

)7

can be achieved integrating PCM in a

1]

MULTIFUNCTIONAL

tate FACADE MODULE

e tackled with different approaches con ring
ar 1ci the: economical aspects of the facade-

he following reseach objectives are identified:

fthe of the use of PCM as stora in solar thermal

d i |tr~u4|f ed in facade
al technological is wuld limit the application of some

il in this context P Researcher: Paolo Bonato

v concept of facade element integrating a solar thermal ES Supervisors: Matteo D~ Antoni (Eurac Research)

P Time span: 2019-2022

¥ Contact data: paolo.bonato@eurac.edu

P Associated Publications:

. TEA SHC Task 56, «Building Integrated Solar Envelope Systems for
HVAC and Lighting,» 2016.http.//task56.iea-shc.org/.

) . Bonata, P., DAntoni, M., Fedrizzi R., On the development of a facade-
Research Deliverables integrated solar water storage, Journal of fagade design and
envineering (JFDE), Volume 6, Number 2, (2018).

2.ldenti

3.Develor
system
nal fagade element
m

State of the art about the use of PCM as storz and in fagade
Summary of the technological limits to the integration of PCM in facade.
Prototype of the developed multifunction: cade .

Review of the energy performance and of the LCCE of the fagade module.
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Automatic Generation of Architectural Space Layout to Optimise the Energy Performance of Office Buildings

P Tinatian Du, TUDelft, Faculty of Architecture, Department of Architectural Engineering and Technology

P Research information

Introduction, Background to the Research (Research Theme)

The space layout design is one of the most imporiant phases of the
architectural design, and the automatic generation of space layout has shown
great potential as a design aid. The automatic generation shows the ability to
speed up the design process and have the capacity of a much larger
objectives. Research has also shown that space layouts can have a
significant impact on the Iimprovement of energy performance. The
combination of the automatic generation of space layout and the optimisation
of energy performance is expected to be greatly helpful for the development
of an energy efficient design in the early design phase.

Research problem

1. Although the potential of space layout generation to optimise energy
performance seems big, it is not fully explored.

2. Only several studies have tried to combine automatic generation of space
layout with the energy performance optimisation.

3. The current research lacks the integration of different aspects of energy
performance.

4. The automatic space layout generation lacks the contemporary spatial
typologies of office buildings.

Research Questions (Main Questions and sub question)

Main question

1. What is the relationship between space layout and energy performance of
office buildings?

2. How can space layout be automatically generated to improve energy
performance of office buildings?

Sub-questions

1. How to assess the different energy performance aspects and how to
integrate them?

2. How to build the model of automatic space layout generation?

3. Which parameters of space layout are most influential for energy
performance?

4. Which space layouts are optimal for energy performance given certain
case studies?

Research Objectives

1. Explore the relationship between space layout and energy performance;
2. Develop the methodology of automatic space layout generation for
architects in the early design phase;

-Optimise energy performance, considering the integration of different
aspects of energy performance.

-Focus on the contemporary spatial typologies and requirements of office
buildings.

Research Deliverables

1. The methods and tools for the assessment and integration of energy
performance, especially for office buildings.

2. A maodel for the automatic generation of energy efficient space layouts for
office buildings.

3. The knowledge about the parameters’ effects on the energy performance
of office buildings.

4. The knowledge about the relationship between space layout and energy
performance of office buildings.
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Tiantian Du
Prof.dr.ir, Andy van den Dobbelsteen, Dr.ir.

P Researcher:
P Supervisors:
Sabine Jansen, Dr. Michela Turrin

P Time span: 2017 to 2021

P Contact data: T.Du@tudelft.nl

P Associated Publications:

. Du, T. Turrin, M., Jansen, S., van den Dobbelsteen, A., &
Biloria, N. A Review on Automatic Generation of Architectural
Space Layouts with Energy Performance Optimization.

References
Dino, |pek Gursel. 2016, "An EVG|U!IOHBI’)' Approach for 3D Architeciural
Space Layout Design Exploration.” Automation in Construction 69; 131-50.
Jankovits, Ibolya, Chaomin Lue, Miguel F Anjos, and Anthony Vannelli, 2011
"A Convex Optimisation Framework for the Unequal-Areas Facility Layout
Problem.” European Joumnal of Operational Research 214(2): 199-215.

UNIVERSITY OF BELGRADE
FACULTY OF
ARCHITECTURE
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Adaptive (transparent) components for the improvement of building envelope performance

"'"lADAPTIVE FACADES 2018

P Valentina Frighi, Departmentof Architecture, University of Ferrara

P Research information
Introduction, Background to the Research (Research Theme)

The aim of the research is to investigate the domain of Smart Adaptive
Building Envelopes, identified as models able fo respond fo cument
architectural requirements.

Within this scope, Transparent Building Components have been analysed as
major responsible for building energy consumption and end-users’' comfort.

Research problem

Since the most of technological innovations employed in Smart Buildings
addmesses glazed components, due to their shortcomings in building
systems, this esearch aims at develop a novel concept of Smart Window
able to face current building needs as well as to solve a still existing bck of
guidance on how such innovative glazing technologies could be integrated in
buildings in a way that maximises their performance.

Research Questions (Main Questions and sub question)

Main question

How can Transparent Building Componentbe advanced to become “Smart”
and meet the demands of todays' architectural requirements?

Sub-questions

1. How building envelope concept has ewolved over time? And, accardingly,
what are today building (materials, etc....)requirements?

2. Whatecan be defined SMART in current architecture?

3. How architectural technobgies have evolved accodingly and innovated
building practices as well?

Research Objectives

The man objedive is to provide an insight in the applications and design of
Smart Adaptive Building Enwelope systems, focusing the attention on
Transparent Building Components.

Otherrelated objectives are:

1. to understand how innovative technologies have “shaped" architecture
over years, becoming technological answers to current critical needs;

2. to provide a systematic characterization of Smart Buildings, recognizing
which technologies provided building envelbpe with adaptive features,
devebping a mapping of adopted strategies and dentifying common
pattems o help further devebpment of high-potential innovative smart,
adaptive building components;

3. to provide a supportng database of different technological solutions and
applications of adaptive smart buildings, as a first stage to evalate
cument and future frends of adapiive facades;

4. to classify existing glazing technologies to reach for the developmentofa
novel concept of Smart Window, able to overcome the shortcomings of
existing technologies;

5. to defne strategical addresses for building application of systems and
glazed component with adaptive features, though the dewvelopment of
guidelines and recommendations.

Research Deliverables

1. New conceptof SMART in architecture,

2. Database of Smart Adaptive Buildings.

3. Review of Advanced Glazing Technologies, through the development of
a Matrix for the definition of compliantselutions.

4. Smart Window concept/prototype

5. Strategical addresses for building
components with adaptive features.

applicatons of systems and
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P Researcher: Valentina Frighi

P Supervisors: Giovanni Zannoni, Fabio Conato, Arben Shtylla
P Time span: 2016-2019

P Contact data: frgvnt@unife. it

P Associated Publications: just mentioned a few for space's reasons

Frighi V. (2017), “Glass in building sector: does the ideal window exist? [...J", in
{Eds) S. Brown, S. Larsen, K. Marrongelle. and M. Oehriman, Proceedings of
The S5th International Virtual Conference on Advanced Scientific Resulls
(SCIECONF-2017), Vol.5, pp. 233-238 Zilina, Slovakia [elSSN 1339-9071]
[cdISSN: 1339-3561] [ISBN: 978-80-554-1337-2]

Frighi V. & Conato F. (2017), Smart Architecture in Digital Revolution, in MD
JOURNAL vol. 42017, pp.170-179, Ferraral aboratorio Material Design, M edia
MD [online - ISSN 2531-9477] [print - ISBN 978 88-85885-00-4] (double Blind-
peer review).

Frighi V. e Conato F. (2018), Smart Materials. Innovazione tecnologica per un
nuovo linguaggio architettonico, in L'UFFICIO TECNICO, val. 1- 22018, pp. 7-15,
Sant'Arcangelo d Rom agna (RN):Maggioli Editore [ISSN 0394-8293] (scientific
commites).
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Main Title Research Title

P Valerie Vyvial, Royal Danish Academy of Fine arts, Institute of architetcure and technology

P Research information

Introduction, Background to the Research (Research Theme)

The aim of the research is to investigate the current developments in the use
of a vegetated facade as a cladding material in extreme conditions as climate
change poses a real risk to society and the built environment. As
temperature continue to rise and as cities across Europe develop rapidly, the
need for facades that cope against such heat is needed. Vegeated facades
offer the process of evapotranspiration, where water evaporates fram the
vegetation reduces the adjacent air temperature.

The aim of this study is to look into exploring its application with regards to
the geolocation of different vegetation and its efficiency and its possible
execution in different cities across Europe with different profiles. | would like
to extend the research into exploring facades that can work in application in
Alaska, where | will be doing field work for 5 weeks in November.

Research problem
The main problem is the lack of specific local diversity and research into the
most efficient use of vegetated facades in the Europe. The problem extends

to Alaska where research into the biediversity can be researched and applied
to its location

Research Questions (Main Questions and sub question)

Main question

“ How can vegetated facades be optimised in the region of Europe to meet
the acceleration of climate change in developed cities? Can this research be

applied to Alaska where climatic conditions are colder? N N
Sub tions & N
ub-question g

q N ‘ N

1. What are the limitations and barriers for manufacturing that prevent the N AN }

development of such sort? N N "

2. What are the downside of using such fagade systems 7 N N *
N\ N

BW M

Research Objectives

Vegetated facades has the possibility to transform cities into greener cities

yet it has not been implemented to the scale as other countries do such as P Researcher: Valerie Vyvial
Singapore. This research looks into options to find design solutions and P Supervisors:

technical details which enable more flexible design that can be implemented P Time span:

in Europe as well as Alaska in where | will have the opportunity in November » Contact data: vavy1765@edu.kadk.dk
to potentially conduct first hand field work. b Associdted F;ublication5' : :

Research Deliverables

1.Review of vegetated facades and its efficiency in reducing solar gain
2.A summary of different types and varieties of vegetation that is applicable
and easily used depending on locality — Alaska and Europe
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Muiti-objective Optimization in Adaptive Facade Design
. | —

P Yesim Keskinel, lzmir Institute of Technology Faculty of Architecture, Architecture Department

P Research information

Introduction, Background to the Research (Research Theme) Pl e . oo e . Sudition

The aim of this research is finding the best alternative adaptive facade
design by comparing single criented and double criented fagades to abtain
low energy consumption and high illumination values in an office room. The
process consists of three main title, These are designing two different
oriented adaptive facade, simulate them in terms of their illuminance value of
horizontal working plane and evaluate their building performance in multi R

objective way . el oo
L Ommmizenian Bl dtumiance
S Vrlawr

Research problem Meurlitic Optimization

The key point of the designing adaptive facade is creating balance between
different performance aspects, such as solar radiation energy consumption
and useful daylight illumination value in office room. To reach the minimum

in energy consumption while reaching maximum in effective daylight usage > % ) = ¥y |
is the challenge of this study. Bl =L

Research Questions (Main Questions and sub question)

Main question

-Why do we need multi objective optimization in adaptive facade design? azeas C}T—gwa
-What is the role of adaptive facades on building performance? it L. -
Sub-gquestions

-Which type of adaptive facade is more convenient to requests? g ; i

-Do double oriented facade use daylight more effective way?
-What are the significant differences between single and double oriented
fagades in terms of building performance.

Research Objectives

Different oriented fagades have not been researched in a detail in current
studies.On the other hand, multi opjective optimization in adaptive facade
design has a significant role to evaluate their performance,

The reserach objectives would be as follows;

- Designing the parametric models of adaptive facades.

- Bimulate their useful illuminance value.

- Evaluate them in terms of different performance aspects.

- Understanding the role of multi-objective optimization in adaptive facade P Researcher: Yesim Keskinel

design. P Supervisors: Mustafa Emre llal

P Time span: 2017-2019

P Contact data: yesimkeskinel@iyte.edu.tr

Sassovcl: Dajvening P Associated Publications:

-Comparison of different oriented adaptive facade designs
-Evaluate multi-objective optimization in adaptive facade design

EEE— W S
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EUROPEAN COOPERATION Adaptive Facades Network ARKERTRCIONE



fl|ARAETIvE FACADES 2018

WALLED: Smart Module for Lighting and Media-Building

P Yorgos Spanodimitriou, University of Campania ‘Luigi Vanvitelli’, Department of Architecture and Industrial Design
P Research information
Introduction, Background to the Research (Research Theme)

The research is aimed at developing an innovative smart module capable of
combining the advantages of a double skin fagade with those of a media
facade. In order to reach this objective, the module will be a smart element
capable of combining the possibility to improve the thermal performance of 3 |
opaque and transparent building facades with the characteristics of dynamic

lighting, in which different technologies (LED, OLED, sensors...) will be A
integrated, Many modules could be connected to each other in order to 1
realize complex compositions. In the architecture field, these complex
compositions can be used as an external “technological second skin” of a
building.

Research problem

The main problem in the integration of the two facade systems is to ’ PANT
guarantee the desired optical and thermal performance despite the A oy
integration of complex plant systems, as well as the possibility to integrate oAb o
the module into existing double skin facade systems. To overcome this R AR ApAD 2
problems, accurate design and testing of the prototypes is required. T i i iy

Research Questions (Main Questions and sub question)

LE 1

E—
===AT |

Main question

- "How is possible to integrate into a single module the components lo realize
a double skin fagade and a media fagade?"

Sketch showing the development of a concept module on an entire fagade.
Sub-questions

- "Which are the performance parameters to follow in the design phase?”
- "Which kind of content can be displayed?”
- "What is the commercial potentiality for this technology?”

Research Objectives

To answer the questions and achieve a functioning product, the research will
be lead through five main objectives:

Define a state of the art of innovative materials and brief design;
Pratotype a WALLED module;

Experimental characterization through laboratory measurements;
Calibration and validation of simulation models;

Development of full-scale demonstrators.

S R

Research Deliverables Sketches for the module from the concept stage.

The research will deliver a functioning prototype of the WALLED module and

a viable methodology to design, test and simulate this kind of technology,

based on state of the art analysis, laboratory experiments and on-field P Researcher:  Yorgos Spanodimitriou

surveys. The aim is also to realize a solid research method for other future b Supervisors:  Prof. Ing. Sergio Sibilio

projects in this field. b Time span:  2018-2021
b Contact data: yorgos.spanodimitriou@unicampania.it
P Associated Publications:
. Sibilio et al., Adaptive and dynamic facade. a new challenge

for the built environment, Le vie dei Mercanti 2018, Napoli,

Italy
 —— U———
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Post-Occupancy and Performance Evaluation of Climate Adaptive Fagades

P Zein Al-Doughmi, Welsh School of Architecture, Cardiff University

P Research information

Introduction, Background to the Research (Research Theme)

The increase in energy prices as a result of the energy crisis and the
emerging perspective of related environmental complications opened an eye
to the importance of fagades in the triangle of architecture, energy and
comfort, paving the way for Climate Adaptive Building Envelopes (CABS).
Facade adaptation holds many ferms, variations and terms, many of those
types fall under the characteristics of one another but this study will deal with
dynamic fagades specifically. The research will look into the efficiency of
dynamic adaptive fagades as a vital part of the building. Efficiency in this
research will include three main cores: energy consumption, occupant
comfort and satisfaction and Indoor Environmental Quality (IEQ), Studies
have shown the influence of the three elements on each other and eventually - -
on the building's efficiency. The efficiency assessment will be conducted &1, Thyssenkrupp. Quarter, Essan, Gemany
through a Post-Occupancy evaluation method on a number of buildings with
dynamic facades..

Research problem

Although there are many studies that analysed the theory of Climate

Adaptive Facades (CAF), the research in the efficiency assessment of such OCCUPANT

fagades is limited and constrained to the analysis of computer simulation COMFORT

models. A few number of papers looked into occupant satisfaction of CAF,

The assessment was done through the use of questionnaires as a qualitative ADAPTIVE
form of POE. Due to the fagade's complexity and interactive nature with the FACADES

surrounding environment and occupants, a lack of performance benchmarks
were found in the field of adaptive fagades. Also, little to no studies have

investigated evaluation methods and protocols for such fagades. INDOOR

ENVIRONMENTAL

Research Questions (Main Questions and sub question) QUALITY

Main question

“How do Dynamic Adaptive Fagades influence buildings in regards to energy
consumption, IEQ and occupant comfort and satisfaction?”

Sub-questions - 'iﬂm'“!“j“,*

- "How suitable are the current POE methods in evaluating Climate Adaptive i E}q;u'}i{ﬁﬂui“m"l'“-l?
Facades?" e

- "How does |IEQ, occupants and energy consumption effect one another?”

- "What effect do automated fagades and controlled environment in
workspaces have on occupants satisfaction?”

- "Are current |EQ factors enough to investigate the |IEQ in adaptive spaces?”

i

Kolding Campus,

Research Objectives

- To evaluate the performance of Climate Adaptive Fagades in regards to P Researcher: Zzin Al-Doughmi

energy and occupant satisfaction P> Supervisors: Prof. Chris Tweed, Dr Simon Lannon
- To investigate the potentials of CAF as an energy efficiency solution in P Time span: 2018-2022

buidings » Contact data: AL-DOUGHMIZO@CARDIFF.AC.UK

- To compare CAF potentials to static and conventional facades
- To assess the effect CAF has on occupants in workspaces

- ;rolgr:dd{r:e pe:itortmé]r;ce g?hpl by co.rtnpgl,-mgf?hp_nerforma‘ncig simulation modetl AL-DOUGHMI, Z. (2016). Investigating the Potentials of Climate Adaptive
0 the data collected from the monitoring of the case studies Fagades as a Solution for Energy Effici in Buildings: Practitioners’

- To develop an initial evaluation method suitable for CAF Perspective. Masta'saﬁqsertab’m; . University of Liverpool

- To compare |EQ factors in conventional spaces with IEQ factors in spaces

affected by CAF

P Associated Publications:

Research Deliverables

- Initial POE method to evaluate CAF
- Oceupant behaviour and satisfaction with adaptive facades
- A strategy to determine the conditions to use CAF instead of static facades
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"Retrofitting Facades for Energy Performance Improvement"

H"'”l ADAPT!VE FACADES 2018

3.1. Task

Workgroups have to design different variants of the improvement of existing facades by applying adaptive fagcade sys-
tems, and to assess the thermal and light comfort and reduction of energy consumption and CO2 emissions, but also
compare the advantages and disadvantages of particular solutions.

It is important that the methodology of the workshop provides the possibility of identifying and comparing the specific-
ity of design for different physical circumstances and technological limitations.

Under given design conditions, using up-to-date knowledge, for certain types of buildings in Belgrade, improvement
of the envelope was created in order better functional, energy and environmental performances to be achieved.

Location: Belgrade, Serbia

Building types:

1. Office buildings
Building type: - high-rise building, stand-alone,
Facade type: - glass suspended facade (curtain wall).

2. Residential buildings
Building type: - high-rise stand-alone reinforced concrete prefabricated building,
Facade type: - prefabricated reinforced concrete panels.

Itis planned that 5 groups design improvement of the facade of an office buildings (Task 1), and that 2 groups create
improvement of the fagade of a residential building (task 2). Formation of groups was realized during the session -
ESI Workshop and Teambuilding that was held on Monday afternoon. Groups were composed of trainees of different
professional backgrounds.

Task 1 - to create a facade improvement for a typical office area at the height of one floor using the concept of an
adaptive facade.

Task 2 - to create the improvement of the facade for the proposed floor of apartment building (at the height of one
floor) using the concept of an adaptive facade.

Wednesday was dedicated to the design of the facade improvement / consideration the existing situation and defini-
tion and consideration of facade concept. Thursday and Friday were dedicated to modelling and numerical simula-
tions to check the energy consumption for heating and cooling and the quality of lighting / Elaboration of facade con-
cept by digital simulation and modellmaking. Improved models were compared with the existing situation and energy
savings and reduction of CO2 emissions assessed.

Trnsys demo version is selected/preferred for calculating energy performances - a trnsys 18 demo version which can
be download from the web at: http://www.trnsys.com/demo/ .

In order to build the geometrical model (via Trnsys3D plug-in) to be used by Trnsys, trainees had to install SketchUP
Make 2017. This can be downloaded from https://www.sketchup.com/download/all
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"Retrofitting Facades for Energy Performance Improvement"

Belgrade google map with marked locations of buildings/case studies
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"Retrofitting Facades for Energy Performance Improvement"

Task 1 - Case study | - Office building

"Beogradjanka", Masarikova 5

Constructed 1969 - 1974.
Height 101 m.

Number of floors 23.
Architect Branko PeSi¢

The task is to design a facade improvement for a typical office area at the height of one floor using the concept of an
adaptive facade.

Digital version of the layout and the cross-section prepared by Nikola Macut

o~ European COST Action TU1403 e S
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"Retrofitting Facades for Energy Performance Improvement"
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Task 2 - Case study 2 - Residential building

Konjamik, East Gate of Belgrade, Rudo

- Constructed 1973 - 1976.
Height 85 m.

Number of floors 28.
Architect Vera Cirkovié

Task is to create the improvement of the facade for the proposed floor — sixth floor of apartment building (at the height
of one floor) using the concept of an adaptive facade.

i
2

‘.I
1444 H " :
P

il

1A,

2114,
I
rrttrri

Situation

Digital version of the layout and the cross-section prepared by Nikola Macut
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"Retrofitting Facades for Energy Performance Improvement"

Climate characteristics of Belgrade

Belgrade is located in the northern hemisphere, at latitude 44°48'14.4"N and longitude 20°27'54.5"E. Belgrade has a
moderate continental climate, with four seasons. Data on the Belgrade climate are taken from the Report prepared
by Republic Hydrometeorological Service of Serbia and official web presentation of Belgrade city.

Air temperature

Autumn is with longer sunny and warm periods than spring. Winter is not so severe, with an average of 21 days with
temperature below zero. January is the coldest month, with average temperature of 0.1°C. Spring is rainy. Summer
arrives abruptly. The average annual air temperature is 11.7°C. The hottest month is July (22.1°C). The lowest tem-
perature in Belgrade was recorded on January 10, 1893 (-26.2°C), and the highest on August 12, 1921 and on Sep-
tember 9, 1946 (41.8°C). From 1888 to 1995 only six days with temperature of over 40°C were recorded. The average
annual number of days with temperature higher than 30°C - the so-called tropical days - is 31 and that of summer
days with temperature higher than 25°C is 95.

Maximum, minimum and mean air temperature for the 1981-2010 base period for Belgrade

35.0

300 1 T r -28.6 28,7

temperature ( °C)

jan feb mar apr may june july aug sep oct nov dec

e Tmax, for 1981-2010 base period wppe= Tmean, for 1981-2010 base period =g Tmin for 1981-2010 base period

Republic Hydrometeorological Service of Serbia, Basic climate characteristics for the territory of Serbia, Available at: http://www.hidmet.gov.rs/
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Insolation

The highest insolation of about 10 hours a day is in July and August, while December and January are the cloudiest,
with insolation of 2 to 2.3 hours per day. Belgrade is the city with global irradiance of 1,341.8 kWh/m2 (according to
program Polysun 4), and 2,123.25 sunny hours per year.

Wind

The characteristic of Belgrade climate is also KoSava - the southeast wind, which brings clear and dry weather.

It mostly blows in autumn and winter, in 2-3 days intervals. The average speed of KoSava is 25-43 km/h but certain
strokes can reach up to 130 km/h.

Atmospheric pressure and average relative humidity

Mean atmospheric pressure in Belgrade is 1,001 millibars and mean relative humidity is 69.5%.

Precipitation quantity

The average annual rainfall on Belgrade and its surroundings is 669,5 mm. The rainiest months are May and June.

The average number of snowy days is 27, snow cover lasts from 30 to 44 days, and its average thickness is 14 to 25
cm.

Monthly mean, maximum and minimum precipitation sums for the 1981-2010 base period for Belgrade
300 +— — - _ S —— " BN = — I —

precipitation (mm)

mar apr may june

month

Emax RR, for 1981-2010 base period B normal RR, for 1981-2010 base period Omin RR, for 1981-2010 base period

Republic Hydrometeorological Service of Serbia, Basic climate characteristics for the territory of Serbia, Available at: hitp://www.hidmet.gov.rs/
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"Retrofitting Facades for Energy Performance Improvement"

3.2. Workgroups - Teams
Case study | — Office building
Team 1 Ahmed Felimban Delft University of Technology, Netherlands
Ali Aghazadeh Ardebili University of Trieste, Italy
Martina Di Bugno University of Pisa, Italy
Magdalena Patrus University of Bath, United Kingdom
Nevena Lukic University of Belgrade, Faculty of Architecture, Serbia
Team 2 Tiantian Du Delft University of Technology, Netherlands
Marina Bagaric¢ University of Zagreb, Faculty of civil engineering, Croatia
Zein Omar Argoub Al-Doughmi | Cardiff University, United Kingdom
Ceciilie Gry Jacobsen The Royal Danish Academy of Fine Arts, School of Architecture
(KADK), Denmark
Team 5 Aleksandra Ugrinovic University of Belgrade, Faculty of Architecture, Serbia
Dijana Savanovic University of Belgrade, Faculty of Architecture, Serbia
Mariana Velasco Carrasco University of Nottingham, United Kingdom
Paolo Bonato Energy Engineering, Politecnico di Milano, Italy
Yesim Keskinel lzmir Institute of Technology, Turkey
Team 6 Ana Konti¢ University of Belgrade, Faculty of Architecture, Serbia
Milan Varga University of Belgrade, Faculty of Architecture, Serbia
Valentina Frighi University of Ferrara, Department of Architecture, Italy
Michael Michalis University of Cambridge, United Kingdom
Team 7 Miroslav Vuli¢ University of Belgrade, Faculty of Mechanical Engineering, Serbia
Neda Diombic University of Belgrade, Faculty of Architecture, Serbia
Yorgos Spanodimitriou University of Campania "Luigi Vanvitelli”, Italy
Mohataz Hossain University of Nottingham, United Kingdom
Case study |l — Residential building
Team 3 Federico Bertagna University of Pisa, Italy
Ariadna Carrobé Montalvo University of Lleida, Spain
Juan Manuel Cruz Norwegian University of Science and Technology (NTNU), Norway
Nikola Macut University of Belgrade, Faculty of Architecture, Serbia
Mirjana Mileti¢ University of Belgrade, Faculty of Architecture, Serbia
Team 4 Jorge Luis Aguilar-Santana University of Nottingham, United Kingdom
Anka Mirkovi¢ University of Belgrade, Faculty of Architecture, Serbia
Berk Ekici Delft University of Technology, Netherlands
Milica Petrovic¢ University of Belgrade, Faculty of Architecture, Serbia
Ashal Tyurkay University of Antwerp, Belgium
3.3. Case studies
This section presents the posters of the participants of the Training School as the results of the WOI‘kShOp, which
show the participants' understanding of the application of adaptive facade concepts in retrofitting facades for
energy performance improvement.
For the Case study | - Office Building "Beogradjanka”, facade improvement solutions are presented on the posters
of five teams, followed by the proposals of two teams for Case study |l - Residential Building "Rudo”, East Gate of
Belgrade.
. NIVERSITY OF BEL DE
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Case Study: Office building

PROJECT DEVELOPMENT PROCESS

Location

* High-rise commercial unit located in central Belgrade
= Semi-dense urban environment
* The talles building in the city

Limitations and decisions

=  Maintain the form

= Sustain the uniformity

*  Maintain the materiality (dark colours to follow the initial architectural
concept of a black building in the 'White City’)

= Maintain the prominence of the building on the city’s skyline

=  Sustain and highlight the hisorical value fo the building

= Holistic approach to accommodate and address the existing conditions

Facade concept

= Address the prevailing winds — E-W axis orientation optimal for

natural ventilation Cloudy, sunny, and precipitation days
= Maximize solar gains in the winter wga
= Control glare
= Solar control on southern-oriented facades
= Heat loss prevention e

= |mproved insulation inside the cladding panels
IIII.I--.I.I

May

25 dayy

Sunny Partly cloudy @ Ovorcast  — Procipitation days
eteebiue

Average temperatures and precipitation

40°C 100 mm

- == o Resal room

4 mm

: Jan fen Mar Apr May Jan s Aug Sop oot i
Prevailing winds

© Preclpitation  — Mean dally maximum  ~  Hotdays — Mean daily minimum
~ - Cold nights

melpobluve

Option 1: improving the fabric of the existing facade

Option 2: new facade fabric with kinetic shading

Innovative & trendy solution

More cost-imposed

Construction waste generation

Potential for better solar control in summer
Operational & installation issues
Uncertainty of the performance

* Maintained form & structure of the building Improved
Cost-effective solution energy
Minimized costruction waste efficiency
Less controvertial solution
Minimal potential for operational issues
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& &
Facade adaptability
Double skin facade with low iron glazing to maximize I
transparency and boost natural ventilation B -
! L]
' L
Triple glazing with low-e coating on #5 to .
minimize heat loss | [ I
[ ]
. 1 f
[ L l
Exposed concrete columns to store heat
P 8 o )
[ | .
. 5 |
. , . ) L ¢
Triple glazing with low-e coating on #5 and ceramic frit |
for solar control |
Technical details
H A
Reflective paint to distribute the
light deeper to the floor plan
+ . High-performance, triple glazing
with low-e coating
. QOuter pane of the double skin
fagade with low iron glass to
maximise the transparency
Improved insulation within the
4 cladding panels
B E |
High-performance, triple glazing |
, with low-e coating
P Reflective paint to distribute the
m light deeper to the floor plan
‘. Improved insulation within the
cladding panels
EEe——— .
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Ceramic frit for solar control
High-performance, triple glazing
with low-e coating

Refiective paint to distribute the
light deeper to the floor plan

Improved insulation within the
cladding panels

COST is supported by
the EU Framework Programme
Horizon 2020



= Psychometric analysis to
investigater optimal
indoor environmental
conditions:

Summer behaviour
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Winter behaviour
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— Double skin facade: .

' = Bouyancy driven cooling |
—x = Solar stack extract —
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Double skin facade:

= Pre-heated ventilation, bouyancy
driven
= Thermal buffer
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Simulations and results
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The simple simulation was based on the office space conditions, including standard loads and 100% occupancy
scheduled between 8am and 6pm between Monday to Friday and 0% occupany during the weekends.

Annual heating demand comparison

December || ———
November |y

October |
September
August
July
June
May
April
March o
February | ——
sanuary [

B Average monthly heating demand [kJ/hr]

5] Average monthly heating demand — refurbishment [kJd/hr]

Annual cooling demand comparison

December
November
October
September
August
July

June
May

April
March
February

January

. Average monthly cooling demand [kJ/hr]

B Average monthly cooling demand — refurbishment [kJ/hr]

Basic fabric improvement of the existing facade (excluding the proposed double skin facade) results in:

= Heating dempand improved by 67%
= Cooling demand lowered by 2%

Additional computational fluid dynamics simulations are necceessary to asses the performance of the proposed
double skin facade on the south-west and north-east faces. Nevrtherless, it is assumed that cooling loads shall be

offset by up to 70% due to the natural ventilation.

Objective — facade improvement

Conclusion ‘ . — :
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RETROFITTING THE FACADE OF
BEOGRADJANKA

Location

truct b
t building

ymbol

The climate in Belgrade is
really hot in summers to ¢

Cfa climatic zone, whict

climate change, so in the future the need of cooling will be our
primary focus. Identified ,prot

* High heating loads in winter period;

* High cooling leads in summer
during whole year (internal gains frc
activities);

« High lighting loads;

period

(solar gains) and
n office equipment and

Heating_Cooling Demand [kih]

DeSign target: I i ._ Simulation mr..eas:a?:.‘:-orr.r;

* Reduce heating needs;
« Reduce coc i

« Ensure acceptab
« Adaptive with existing fa

+ Added arhitectural value

Solutions:

« Natural ventilation; - .
. Doub!e facades Wlfh Ingegragoﬁ P\JS; o 730 4e0 2190 ?Dxéimul;::'fﬂ T;m:}:;;sn_;g‘ l:"] 5840 BSTR 300 BO30 BT6D
* Phase Change Materials (PCM)

Temperature [C]
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Simulation Time =8760.00 [hr]
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Facade concept

By trying to cool the building in summer and
heat in winter, a combination of different
strategies were used:

+ Stack effect in double skin facade

* Night purge

* Adaptive shading

« PCM materials placed in suspended ceiling

Stack effect

Night purge
Shading
High density bllinds
Density of movable High density of
blinds Horizontal blinds

XX =

Fase 1 Fase 2

Less density of <> —a————
horizontal blinds ><> e

The double skin
facade duct will
be closed in
cold period to
circulate
generated
warm air,

Sun blocked by
blinds

- 1 Blined are open
= and allow sun
to enter into the
building

The double skin
is generating
exhaust by
stack effect
when heated
up
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Facade adaptivity

As one of the features of adaptivity, blinds within the
double facade cavity is placed to give the user a

possibility to block out the sun. The blinds also functions
as a mean to reflect the daylight into the room

The different positions of the horizontal biinds

The reflection of light into the room

Technical details

» Thickness of air cavity: 40em - 50em (Reference: ,Double skin fagades
— cavity and exterior openings dimensions for saving energy on Mediterranean
climate”)

ORI IKS
SORERERREEEKS

g lorss :
SRR
R - g o
o0 000DoO00 Sy
iSletere) HOO00000

Details of windew-wall connection (minimization of thermal bridges) and PCM matenal location in
suspended ceiling for passive maintenance of indoor air lemperature

Detail of double-facade supporting structure

e———
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Model sketch

Dynamic simulation approaches (Trnsys tool):

APPROACH 1 (one thermal zone)

» Whole characteristic storey = one thermal zone

= Varying heat convection coefficients (high in summer; low in winter)
of facade’s outer surface simulates double facade

* Results: Decreased heating demand; Unrealistic cooling demand

APPROACH 2 (two thermal zones)
« ,Slice” of characteristic storey = first thermal zone;
Double facade = second thermal zone
= Varying ventilation rate of second thermal zone
simulates air flow in double facade
* Results: Significantly decreased cooling demand,;
Unrealistic heating demand

Comments on simulation:
Dynamic simulation of double fagade performance is a complex process requiring high-user skills and experience as well
as combining different tools to include all characteristic performance aspects of double fagades (passive cooling and
passive heating due to stack effect, shading, etc.). Nevertheless, both approaches indicated that double facade is capable
of decreasing heating and cooling demands of Beogradjanka building.

Conclusion

Retrofitting a fagade to an old building like Beogradjanka with double facade approach would be a possible solution to
increase energy performance and occupants’ comfort. To use adaptive fagade solutions are hard to predict because
simulation tools like TRNSYS have a hard time simulation the parameters of the facade system.

To predict performance in general, of kinetic adaptive facades, is a hard task for most simulation tools and therefore you
can ask if kinetic facades are the right solutions. If you look at kinetic design at an architectural point of view, technology
like that would generate some kind of interest of the viewer, and a fagade like this would contribute to keep Beograndjanka
as a landmark for Beograd.

=———— —
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b Aleksandra Ugrinovié¢, Dijana Savanovic¢, Mariana Velascoc, Paolo Bonato, Yesim Keskinel

INTRODUCTION AND BACKGROUND TO THE
RESEARCH

General Information

oBeogradanka or Belgrade palace is a modern-high rise

building in Belgrade.

oThe building was opened in 1974 and has about 40 000 m?2

total floor area.

olt is a commercial building.

aThe first floors are occupied by a shopping mall and a retail

store.

oln 1990, a restaurant was opened at the top floor.

oThe building is;one of the symbols of the city with his dark ; '

color and hexagonal shape. & !\\ man :

o Itis 101 m tall so represents the dominant in space. = e p
n

Location
The building is located on the crossroads of central city T o S e s s e
street. b o Dom v-va_r:.n 6 S --";
. - - . . e moe .b“-.--\ 4 e
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Climate

oThe summers are warm and the winters are very cold. e kil i
oThe average monthly air temperature is -2° € in winter
oDuring summer, the average temperature is 29° C.

Construction and Structure

oFacade surfaces are combination of anodized aluminum
profiles of solid panels and glass.

o The bearing structure of the building has concrete core and a
column skeleton.

oThe total area of the fagade is 11500 m2and the Window-To-
Wall ratio is about 60%.

oThe existing shading system is internal.

Em——— . -
. UNIVERSITY OF BELGRADE
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Fagade concept

After analysing the advantages and disadvantages, replacing
the facade was selected as the most suitable option

~Preserving the height of the building

oHighlight buildings’ height by applying vertical elements
oEmphasise the buildings’ colour : conserve the black unlike
the “White City”

oPreserve the shape of the building

oUse fagcade materials that will indicate the purpose of  the
building (commercial)

Technical details

oln replacing the facade, the following issues were emphasised;
olnstallation of suitable colored triple safety glazing with

height

PROS
|dentity

CONS PROS

Limited range of  Mew identity and

II'”' ADAPTIVE FACADES 2018

the last floor

colour
material

CONS
Disposal of old

interstitial shading device for reduction of heating load in winter fﬂm?‘“"g values facade modules
: options

and protection from glare, P
e th | bsak i lati terial Shorter time of Structural Wider range of Additional
olo [mprqve erma reax, i e Insu _a ion ma e.rla s are construction uncertainty retrofitting storage space and
improve with aeregel for reduction of heating load in winter (double skin?) options effort
oReplacement of the existing technology when needed (internal (Cheaper) Uncertains status  Easier application Longer
shading devices, internal seals of the glazings, cleaning of the of facade module  of new materials inaccessibility of
i -y - (permeability, and technologies the building
weep holes and drainage system) airtightness. . )
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TRYNSIS Simulations Results

allows to reduce the
S g de 1 of 1
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CFD Simulation Results

Heat flux (W/m"2)
cmdaS3R8H

Variation Between Glazing 1 and Glazing 2
Under Summer and Winter Conditions

—---——----__--_--------_

Glazing 1 Glazing 2 Glazing 1 Glazing 2
{summer) {winter)
300C 100C

- == ModelA ===ModelB ===ModelC

3 27e-02
3.10e-02
2 S4e-02
2 78e-02
2 62e-02
2 45=2-02
2 29e-02
Z13e-02
1 896e-02
1 . 80e-02
1 64e-02
1 48e-02
1 31e-02
1.15e-02
2 87e-03
B8 24e-03
5 61e-03
4 98e-03
3 35e-03
1 72e-03 ’ s gwr. :
9 31e-05 . S

Viodel A

Conclusions

After an extended analysis, the following conclusions were

obt

ained:

The identity of the building must be preserved by conserving
the building colour and emphasise the building visual
height

The replacement of the facade would provide a new identy
and values to the building as well as reduce the energy
consumption.

The seasonal adaptabiity was considered by
implementing a shading device, which can limit heat gains
during summer and maximize them during winter.
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» Names: Ana Konti¢, Milan Varga, Valentina Frighi, Michael Michalis.

Project development process

Location

Masarikova, 5

Latitude | 44.787197
Longitude | 20.457273

DMS Lat | 44° 47'13.9092" N
DMS Long | 20° 27'26.1828"E
Elevation (m) | 136 m

11 Mgpe,,

i f L
o e

Climate and decision

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
19 19
17
15
13
g 10
5 6
475 55.3 68.7 395 87.8 86.1 59.4 512 58.1 612 47.7 SL7

Belgrade, average temperature variations over the year. Source: hifps://www.accuweather.com

. University of Belgrade
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» Names: Ana Kontic, Milan Varga, Valentina Frighi, Michael Michalis.

Project development process
Facade concept
Starting points of the reasoning has been the following:
-The high temperature gap among the two seasons in Belgrade region;
-The almost total lack of (physical) communication between the external and the internal
environment (due to the presence of the curtain wall);
-The building’s symbolical meaning for the city of Belgrade.
Then, we identified critical issues in current existing situation and possible proposals for fagade improvement
THERMAL ‘ Insulation improvement | Interior windows placement | Moveable shading devices ‘
- COMFORT
=
|—
Q ACOUSTIC ‘ Interior windows placement | Laying optimization in the interfaces ‘
a COMFORT
o
x ——
< FRESH AIR ‘ Enhancement of ventilation system ‘
H SUPPLY
o
ENERGY ‘ Photovoltaic integration ‘
GENERATION
> m . K
E E VISUAL COMFORT ‘ Moveable shading devices J
Zz 0O
oY
ﬁ "o" AESTHETIC { Maintain the characteristic building appearance }
Annual Temperature Flactuation (°C) PPD
100
aa
80
70 1
B0
50
40
30
20
10
a
— St .\n‘-‘x,\?i\ {,@thi"m.,g\‘ & ‘5@1'1’@"@0?&,;?’ ;\#h@\%&"n?b&q}* Py rg;\n,
Annual Heating & Cooling Loads (MW)
0,30
b fe.\";\d""x@“’md”“m‘vt’qw%{\%ﬁg’oﬁéwﬁq’\#@@éhﬁ#@@ Nb“@r\é\«”wﬁf\"“:b@@
m——HEAT =—=(0C00L
Simulations of the current building performance situation obtained with TRNSYS
EES——— . ———
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» Names: Ana Kontic, Milan Varga, Valentina Frighi, Michael Michalis.

“"|”|ADAPTIVE FACADES 2018

Project development process

Technical details

The intervention strategy for the energy performance improvement of the fagade is mainly based on the implementation of the
thermal performance of the building envelope by inserting a layer of thermal insulation and by placing a high performance
window on the internal skin of the casing.

Furthermore, it been foreseen the maintenance of the existing curtain wall to which we will add a sun shading adaptive device,
which possibly will allow to retrofit the facade thanks to a BMS system that will allow its control through predicted scenario,
according to indoor activities and occupants behavior and preferences.
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» Names: Ana Kontic, Milan Varga, Valentina Frighi, Michael Michalis.

Simulations and results

Early concept

3y using the

parametric software

Grasshopper in ua»-——-—-”":h:

combination with G
Rhinoceros 3D, we e BN

developed a
definition which is
disposing the kinetic
paneis over the

facade planes.

| of the panels is
responsive and
reacting to the given
curve. In this way we
are able to control
the aesthetics of the
facade and the

amount of insclation

Variations

“Beogradjanka” with added panels

. University of Belgrade
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Retrofitting Office Building: Beogradjanka l“l‘”l ELoR

Group 7: M in
L
Location: Belgrade, Serbia
Architect: Branko Pesic
Project year: 1969-1974
i High: 101 m
- Area: 40.000 m?
Story: 24
Location
« Beogradjanka Tower is located in the middle of Belgrade,
Serbia

»  Part of the city with commercial and residential buildings

Context

= Modern high-rise building

» 3" tallest building in Belgrade (1% Usce Tower and 2" Western
City Gate of Belgrade)

1 2. Daily Air Temperature: Summer Solstice
TEMPERATURE RANGE LOCATION: BELGRADE, -, SRB
California Energy Code Latitude Longitude: 44 82° Norh, 20.25° East, Time Zone from Greenwich |
Data Source WES Pala 152720 WMA Slation K umber, Elevation 39 w
LEGEND
RECORDED MIGH = & .

DESAEN HIGH -

OERAGE HIGH -

WEAN - 2
AVERAGE LOW - |J
DESIGH LW
MECORDED LOW.

COMFOHT ZONE

Spring

Graph 1: The temperature graph shows that in
the summer, daytime temperatures get quite high
(almost 35 C” on average),

but also that during night the temperature drops
significantly (almost down to 15 C° on average).

Graph 2: Through a confrontation between
temperature and direct solar radiation, both in
summer and winter, it's possible to observe how
there is constant solar radiation during workhours
during the whole year.

Graph 3: The solar and wind geometrical graph
show how the building is exposed to solar
radiation and natural winds during the whole year
on average.

Through the weather analisys, it has been
possible to assess a dynamic strategy based
on natural ventilation (in summer) and

greenhouse effect (in winter). 3
= Page 01
— =
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Retrofitting Office Building: Beogradjanka

Group 7: Miroslav Vuli¢, Neda Dzombi¢, YorgosSpanodimitriou, Mohataz Hossain

I

Facgade concept

Average Solar Exposition Hours, during Summer (left) and Winter (right)

184.00
65 60

Page 02
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Retrofitting Offlce Building: Beogradjanka “"'"I T
Group 7: Miroslav Vuli¢, Neda Dzombi¢, YorgosSpanodimitriou, Mc ain

Model visuals

Section detail of wind frame Technical detail of linear actuator
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Case Study: Belgrade Istocna Kapija

» Federico Bertagna, Ariadna Carrobé, Juanma Cruz, Nikola Macut, Mirjana

PROJECT DEVELOPMENT PROCESS

Location

The case study building is
called Eastern City Gate and
it is located in the Konjarnik
district in Belgrade, Serbia.

The complex is composed of three residential buildings. For this
case study, the south facing building was investigated.

Climate and decision

A

Source Ecotect — Weather tool

As shown in the graph above, during winter the temperature in
Belgrade decreases up to -10°C. Since the thermal insulation
properties of the external walls in the current condition proved to
be rather poor, in order to prevent excessive thermal losses
through the envelope, there is the need to implement some
passive systems. On the contrary, during summer, the
uncontrolled solar radiation that enters the building is possibly
the main cause of overheating issues. An external shading
system can represent a simple yet effective solution to this
problem.

According to the climate data, solar and wind analysis, two
solutions are proposed in order to improve the current situation
in terms of energy performances and user comfort.

The first is based on the improvement of the thermal insulation
properties of the building envelope; the second one is the
inclusion of an adaptive facade system where simple
rectangular louvers can slide and rotate along the windows
depending on the sun position during the day.

ocnsE

EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY
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iletic¢

Facade concept

Current situation

The window to wall ratio in the building is about 50%. The
external layer is made of concrete and only 5 cm of
polystyrene is installed is some parts of the external wall
as an insulating layer. Most of the windows have wooden
frames and a double glass layer.

Quter Pane / Cavity /

Window 24 1,9326 Air
Inner Pane
Reinforced Concrete /
WALL Type 2 Polystyrene 12 3.8917
/ Reinforced Concrete
WALL Type 2 Reinforced Concrete 200 0,5294

Proposed solution

i L\
External wall

=0,15

=04

Ground floor <04 <0,15

Roof <02 =015

Windows £15 =0,85

Internal walls and floor construction <09 £10
According to the Serbian regulations, all renovated

buildings must improve their energy efficiency by a
minimum of one degree. In addition, an upper threshold
for the U-value of each constructive element is prescribed.

Argon

Window Three glass 8 0,789
Reinforced Concrete /

WALL Type 1 Polystyrene 230 0,2942

/ Mineral Fibre slab

Reinforced Concrete /

WALL Type 2 Polystyrene 270 0,1667
/ Cellular polyurethane

WALL Type 3 Rock wool / 150 0,288

Concrete Cast

European COST Action TU1403
Adaptive Facades Network

One type of window is proposed, whose U-value meets
the requirements of both Serbian and EnerPHit
parameters. As for the walls, three different types have
been tested. As shown in the table, the best insulation
material is the Polystyrene, but taking into account the
properties in terms of sustainability, rock wool will be used
instead.
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» Federico Bertagna, Ariadna Carrobé, Juanma Cruz, Nikola Macut, Mirjian iletec

Facade adaptivity

Adaptive Element: vertical louvers

. b3
Mgy, Ny
k & :

&
BAM TaMm

Materials: steel frame + PVC mesh ™ _ :
Ty o Mm

9AM T 10aM

% — ‘:ﬁ?

Width: 0.3m | Angle of rotation: various (£90° )

Mechanism of Adaptation: rotation along axis

LTINS |

12pm 1em
Fig.1: Radiation Analysis, West window | June 21%, 6AM-1PM

Softwares: Rhinoceros 3D, Grasshopper, Ladybug

Model

For this simulation a simplified parametric model of a single window _ INTERIOR

protected by a set of vertical rectangular louvers has been used =1 =

(Fig.2). The analysis have been carried out for an East-facing L
EXTERIOR

windows as well as for an West-facing window.

Simulation
Analysis Period: June 213!, 6AM-10PM

Time step: 1 hour

Fig.2: View of the model

Adaptation

The objective is to prevent uncontrolled solar radiation to enter the
building through the windows. The system adapts its shape
according to the position of the sun, more specifically, the angle of
rotation of the louvers depends on the sun azimuth. This was
achieved through a Grasshopper definition (Fig.3).

Results A T
Three cases have been investigated for each window orientation: 35 — st urves
CASE 1: no louvers 3 —— Adagtive Lowers
CASE 2: static louvers, normal to the facade (Fig.2) -
CASE 3: adaptive louvers g 25
For the analysis period investigated, compared to Case 1, the solar § 2
radiation on the west-facing window is reduced by 36% in the case of g
static louvers while the reduction reaches 45% when an adaptive ; 15
system is applied. 3 1
05
Critical aspects 0
- Radiation reduction during summer is not the only requirement in 4 6 8 10 12 114 16 18 20 2 A4
order to achieve a suitable comfort level and good energy HOURS
performances. More detailed investigations are needed. oo NESTWINDOW .,
- How to evaluate to what extent an adaptive facade is a better TOTAL [KWh] 23.09 14,67 12.7
solution compared to traditional shading systems? REDUCTION [%] : 36% s 2/4
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K\Whim?

70.00

Simulation

60.00

The measures used for the retrofitting have been decided
through an energy analysis in EnergyPlus 8.9 in order to
find the most optimal results.

50.00

40.00

Model sketch

BOOG
7000

BOOG

Simulations and results

The first graph shows how the energy demand used in
the analyzed room for heating and cooling. The
adaptation reduced 36% the heating demand and 86%

1000

o

‘ w |

FAGCADE IMPROVEMENTS

60.34

40.51

2556 I 4.72
= =

Criginai situation

3r.3e 3742 3742

I3‘I I:I IOE
— — —

Adding 200mm insulation  Triple Glazing Adding PCM Adding louvers

= Heatina demand = Cooling demand

ANNUAL HEATING AND COOLINIG DEMAND BEFORE AND AFTER DE RETROFITTING

——— Heating demand final situation
—— Cooling demand original siuation
——— Heating demand final situation

Heating demand ongina! situation

a

Hl“I
|F

'\
LLTIRTIL.

4 o 1

mr

the cooling. >
The second figure shows the annual energy demand
before and after the retrofitting, decreasing significantly in
both of them. As we can see, Belgrade has a high
heating demand winter, and our concept is not only to

reduce the cooling demand through sa|

30|

25

Conclusion

Having a compact envelope using a continuous insulation
layer and high insulated windows are the most effective
measures in order to reduce the heating demand.

Also, adding PCM embedded on gypsum boards, in this
case on the wall (melting temperature 25°C) taking
advantage of thermal mass effect, stabilize interior
temperatures helping the thermal comfort to be more
steady.

For reducing the cooling demand, the solar protection has
been the most effective measure.

=20

CcoskE

EURDPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY

Zone operalive
temperature (°C}

Jama;m‘m
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Apr Oet

dul
Date/Tima

ZONE OPERATIVE TEMPERATURE WINTER ANALYSIS

Adding PCM enganced gyb board

Adding triple windows and
150mm cork insulation

Original situation

Outdoor air temperature

15/01 16/01 T 18/01 18101 20001 Day
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Technical Details

Thermal Insulation and Cladding System

i I I I | I I
The proposed solution consists of cork | i ] i ‘ ‘ i =
insulationpanels on the outer side of the buildng | | T TTTTT T TTTTT T T T
enveolpe. The main properties of this material are
the following:
— Density: 120 kg/m3
—  Specific Heat: 1670 J/kg*K

—  Thermal Conductivity: 0,041 W/m*K E B B3
PCM (Phase Changing Material) is installed on the
inner side of the external walls, embedded in a 13
mm thick gypsum board.
KLP facade panels (140mm width, 30mm thick) are
applied as a cladding system (Fig.1). They are made
of recycled polyolefin polymers (fire class B
Bl gERERERE N NI
L oEtienw emmmmsss o M RSN S =
o .
e | T L L7 o 1
Fig.1: Cladding system Fig.2; Facade system

Adaptive Shading Elements

The adaptive shading elements are made of a steel WIN) >
frame that supports a PVC mesh sheet (Fig.3).

Thanks to its air permeability, the effect of the wind Q
force on the elements can be considered negligible.

On the contrary, sunlight is blocked, preventing the

solar radiation to enter the building and to cause

overheating.

The durability of the whole system has to be

carefully investigated, however, thanks to their

simplicity, the single elements can be replaced quite

easily.
Fig.3:PVC mesh sheet
4/4
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Case Study: Residential Building “Rudo”

b Jorge Luis Aquilar-Santana, Anka Mirkovic, Berk Ekici
Milica Petrovic, Ashal Tyurkay

General information

Location

‘Rudo”, East Gate of Belgrade

Latitude: 44.786568
Longitude: 20.448921
Constructed: 1973-1976.

Height: 85 m
Number of floors: 28

Climate and decision
From the analysis of climate conditions in Belgrade, Serbia using @WeatherSpark, the conclusion is that Belgrade has more cold
days than very hot summer ones, but the number of sunny days is very high - 300 sunny days during the year. The decision was
to provide heating during winter using solar panel collectors to heat the water for the radiators and to add sun shading movable
textile elements, so that overall thermal comfort can be improved. Simple analysis of the proposal was carried out using
@ClimateConsultant software. The results show users' thermal comfort increases to 92%.

MONTHLY DIURNAL AVERAGES
ASHRAE Standard 65-2004 using PMV

LOCATION:

fe Fig. 1: Geographical location of the building (Seurce: Google Maps)

BELGRADE, -, SRB
Latitude/Longitude: 44 827 Norh, 20 28" East. Time Zone from Greenwich 1

Location of the building is the residential part of Belgrade -
Konjarnik, in the southeastern part of the city. The buildings
are considered a landmark for the city of Belgrade due to
their position and height,
It is a very populated area, with around 500 people living in
each building. Middle-class residents live in the building,
with medium or low level of income.

[

COMFORT INDOORS
92% Wl COMFORTABLE

LOCATION:

P Fig. 2: Site model of the building (Source: 3D Warehouse / SketchUp)

BELGRADE, -, SRB
Latitude/Longitude: 44 82° North, 20.28° East. Time Zone from Greenwich 1

D e 8% [ NOT COMFORTABLE Data Source: WEC Dala 132720 WMO Station Number. Elevation 99 m
Radiation Temperature
LEREND e 50 RELATIVEHUMIDITY _ 100% _ 80%
1500 s | pEstN JAIARY theough DECEMBER
HOPEE AYERARES el 2 T13% 1 Comiort{9a3 hrs)
ure=reeos &% RO% 2 Sun Shading of Wintows(700 his)
——DRY UL MEAN 3
R gy 1200 3 Flushedifl b s}
oY 18
. 2 e — : —_— 6 Two-Stage Evaporative Cooling(0 hrs)
S =l i 23% 7 Matural Ventilation Cooling{203 hrs)
5 WINTER L B Fan-Forcod Ventilation Coolinail) hrs)
L L o 4l 7 o internal Heat Gain(l hrsj
[ oemon omwagy ™ o s 10 Passive Solar Dirict Gain Low Mass(D hes)
flocainiguained “ L 41 11 Passive Solar Direct Gain High Mass{D hrs)
[ ORECT HORMAL | L o 12 o
e 4 | i 13 Husmigic ation Oniwd hrs}
T ] L . 14 Dasherrisiific ation Oy hrs)
» i i 15 Cooling, acd Datwemification i neecked( hrs)
19! Dichay Dy Bt Terme = ll " TBA% 16 Haating, i
plée ! -
- ol | 82.0% Comfartable Hours using Selected Sir
TEMPERATURE BANGE! | i | (BO6S out of 8760 hrs) j
¥ -OReT L] 7o o nor ay =y S == . ;
i Dwia ‘Comfort Zones show: 5
. = . N o Surmmer clithing on
2. AVErade 1er Erailures ic 214 2 {oource S./IWeg erspar<.com/ ) =
P Fig. 3: Average temperatures for Belgrade (Source: hitps://weatherspark.com/) = ot *
= '__ = -
0 5 [ 5 0 15 ] 25 0 %
DRY-BULE TEMPERATURE, DEG. C
| 2 Fig. 4: Psychrometric conditions for Belgrade, created with Climate Consultant
software
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Case Study: Residential Building “Rudo”

» Jorge Luis Aquilar-Santana, Anka Mirkovic, Berk Ekici
Milica Petrovic, Ashal Tyurkay

Architectural design concept

Facade concept

The facade concept is developed with the performance approach which takes user requirements into consideration based on
building typology and climatic conditions of the site. Design solutions are proposed with this point of view after the existing
building facade problems have been identified.

As the building fagade lacks of thermal insulation, in winter time interior spaces are over-heated, and in summer time unwanted
thermal gains are too high, thus, energy efficiency of the building is low. Since the window systems are replaced individually by
tenants, most of the apartments experience weathertightness problems which also decreases the energy efficiency considerably.
In parallel to this, users have to spend a lot on space heating and cooling which is not economical in the long term. Moreover,
exposed prefabricated concrete panels have remained unmaintained and pose structural risks. Another factor in choosing the
facade systems and developing the solutions is the affordability that matches the users’ economic conditions.

RETHINKING
THE CONCEPT

based on climate data
and the search fora

more economical
solution
Problems / Challenges Prioritized Requirements Solutions
Prefabricated concrete panels RESIDENTS' HAPPINESS @ Repair and maintenance

No insulation in facade elements Thermal comfort Adding thermal insulation

Poor window conditions Changing the windows

Iweathertightness

Energy efficiency

Affordability Providing solar control
Absence of shading
Adding soclar panels
Uncomfortable interior temperatures
B & —_—
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» Jorge Luis Aquilar-Santana, Anka Mirkovic, Berk Ekici
Milica Petrovic, Ashal Tyurka_y

Architectural design concept

Technical details + Materials 3D model

P Fig. 7: Cladding material - IRIS
Fabbrica Marmi & Graniti

P Fig. 5: Detailed section - balcony . -
| 4 an 8: Fabric PTFE - Koch
Membrane

P Fig. 10: HDPE (vapor diffusive)
waterpreofing membrane (Dupont
Tyvek)

P Fig. 6: Detailed section

P> Fig. 11; Mineral wool thermal
insulation (Knauf thermo roll}
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Case Study: Residential Building “Rudo”

> Jorge Luis Aquilar-Santana, Anka Mirkovic, Berk Ekici
Milica Petrovic, Ashal Tyurkay

Parametric fagcade model

Daylight illuminance: -2
Y
3
3
g "
[ 4
b
‘ -
r ¥ »
-
- .
- -
a L =
"
L
772 . N
" @
]
=
e 2 Bolar radiation: 3370

P> Fig. 11: Variations of the adaptive facade P> Fig. 12: Optimized design solution
e _—
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Case Study: Residential Building “Rudo”

P Jorge Luis Aquilar-Santana, Anka Mirkovic, Berk Ekici
Milica Petrovic, Ashal Tyurkay

Simulation and conclusions

Program Version: EnergyPlus, Version 5.8.0-Tc3bbed330, YMD=2015.09.06 16:23
Tabular Qutput Report in Formar: HTML

Building: Building 1

Envirenment: RUN PERIOD 1 ** BELGRADE - SRB IWEC Data WMO#=132720

Simulation Timestamp: 2015-09-06 16:23:09

Report: Annual Building Utility Performance Summary
For: Entire Facility
Timestamp: 2018-09-06 16:23:09

Values gathered over 8760.00 hours

Site and Source Energy

OLD NEW PROPOSITION
Heating > (25 DEC 08:09) Heating > (25 DEC 08:09)

6118.85 Wx 0.20 = 1.22t CO; / KWh 4084 44 W x 0.20 = 1.21t CO; / kWh
Cooking & [0 AUG-0:3) Cooling > (02 AUG 15:30)
MG ATX 2.5 12848 C0: L kWD 4444.51 x 2.5 = 11.11t CO2 / KWh

Program Verson EnergyPhis, Version 5.5.0-7c3bbedS30, YMD=2015.09.07 11:12
Tabular Ouipet Report in Formar: HTML

Buidang: Building 1

Envisemment RUN PERIOD 1 ** BELGRADE - SRB IWEC Data WMO#=132720
Simulation Timestamp: 2018-09-07 11:12:43

Report. Amamal Building Utility Performance Summary
For. Entire Facility
Tumestamp: 2018-09.07 11:12:43

Values gathered over 5760.00 hours

Report: Demand End Use Components Summary
For: Entire Facility

Timestamp: 2015-09-06 16:23:09

End Uses

Electricary [W] | Natoral Gas [W] | Propane [W] | District Cooling [W) | Destrsct Heating [W] | Water {m3/s]

Time of Peak | 02-JAN-16:10 - - 02-AUG-15:30 15-DEC-08.09
Hemng 000 000 000 000 G118 83 0.00
Cooling 0.00 0.00 000 313643 0.00 .00
Intertor Lighting 24744 0.00 .00 0.00 0.00 0.00
Extenior Lighting 0.00 0.00 0.00 0.00 0900 0.00
Intenor Equipment 177.46 .00 0.00 0.00 0.00 0.00
Exterior Equipment 000 0.00 .00 0,00 0.00 0,00
Fans 0.00 0.00 0.00 0.00 0.00 0.00
Pumps 0.00 0.00 0.00 0.00 0.00 0.00
Hea Rejection 0.00 0.00 0.00 0.00 0.00 0.00
Humidsfication 0.00 0.00 0.00 0.00 0.00 0.00
Heat Recovery 0.00 0.00 0.00 0.00 0.00 0.00
Water Systems 000 0.00 0.00 0.00 0.00 0.00
Refrigeration .00 000 0.00 0.00 0.00 .00
Generators 0.00 0.00 0.00 0.00 0.00 0,00
Toral End Uses 42489 0.00 0.00 513643 G118 85 0.00

CcoskE
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Total Energy [GT] | Energy Per Total Building Area [MI'm?2] | Energy Per Conditioned Building Ar
Total Site Enerzy 25,64 99391 e fom i
Net Site Energy 2564 99391 Toeal Eneegy [GT] | Energy Per Toral Buslding Area [M1'm2] | Energy Per Condinioned Building Area [M) m2]
Total Source Energy 37.30 222110 Total Site Encrgy i) af oI re
- Net e Enengy Bl 9337 #9337
Net Source Energy 37.30 222110 Toual Source Energy 9 2303 4 2305 4
Net Source Energy 943 2303.49 230349

Report: Demand End Use Components Summary
For Entire Facility

Tunestamyp: 2018-09-07 11:12:43

End Usex

Electricity [W] | Natural Gas [W] | Propane [W] | District Cooling [W] | Districs Heating [W] | Warer [m3 /5]

Time of Peak | 02-JAN-16:10 - 13.JUN-13:00 15.DEC-08:09
Heanng 0.00 0.00 0.00 0.00 B0E5 44 0.00
Cooling 0.00 0.00 0.0 4444 51 0.00 .00
Intersor Lighting T4 0.00 0.00 0.00 0.00 0.00
Extenor Lighting 0.00 000 0.00 0.00 9.00 0.00
Intenior Equipment 177.46 000 0.00 000 0.00 .00
Extersor Equapent 000 0.00 0.00 0.00 0.00 .00
Fans 0.00 0.00 0.00 0.00 0.00 Q.00
Pumps 0.00 0.00 0.00 000 .00 0.00
Heat Rejection 0.00 000 0.00 0.00 0.00 0.00
Humidsification 0.00 0.00 0.00 0.00 0.00 0.00
Heat Recovery 0 oo 000 0.00 000 (i)
Waner Systems ¢00 Do o 000 0.00 oo
Refrigeranon 0.00 0.00 0.00 0.00 0,00 0,00
Genermtors 0.00 0.00 0.00 0.00 0.00 0.00
Total End Uses 42489 0.00 0.00 244451 GOES 44 0.00
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Workshop
"Retrofitting Facades for Energy Performance Improvement"
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3.4. Awarded workgroups and photos of all teams

Team 2

Team 3 Team 4

Team 6

Awarded workgroups - teams:
Team 7 — Retrofitting the fagade of the office building
Team 1 - Retrofitting the facade of the office building

Team 4 — Retrofitting the fagade of the residential building

(Photos: A. Krstié-Furundzi¢)
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Workshop
"Retrofitting Facades for Energy Performance Improvement"
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3.5. Workshop Expert Committee
Trainers during the workshop
Ass.Prof.Dr. Riccardo Pinotti  Teach.Ass. Nikola Prof.Dr. Aleksandra Ass.Prof.Dr. Assoc. Prof. Dr.
Marcin Brzezicki  UNIBZ Free Perkovi¢ Krsti¢-Furundzic¢ Budimir Sudimac  Djordje
Wroclaw University University of University of University of University of Stojanovic¢
of Science and Bolzano / EURAC Zagreb, Croatia  Belgrade, Belgrade, University of
Technology, Institute of Serbia Serbia Belgrade,
Poland Renewable Energy, Serbia

Italy
Critics
Prof. Dr. Jelena Teach.Ass. Anica
Ivanovié-Sekularac Dragutinovi¢
University of Hochschule
Belgrade, Serbia  Ostwestfalen-Lippe,

University of

Applied Sciences,

Germany
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Pictures of Training School “"'”lADAPTNE Bt

Photo documentation of the Social events, Lunches and Welcome dinner

(Photos: A. Krsti¢-Furundzic)
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