
22 October 2021

Operation and testing for product innovation / Paola Gallo. - STAMPA. - 142(2014), pp. 373-384. ((Intervento presentato
al convegno FIFTH INTERNATIONAL CONFERENCE ON HARMONISATION BETWEEN ARCHITECTURE AND
NATURE tenutosi a Siena (SI) Italy nel 26-27 Settembre 2014.

Original Citation:

Operation and testing for product innovation

Publisher:

Terms of use:

Publisher copyright claim:

(Article begins on next page)

La pubblicazione è resa disponibile sotto le norme e i termini della licenza di deposito, secondo quanto stabilito dalla
Policy per l'accesso aperto dell'Università degli Studi di Firenze (https://www.sba.unifi.it/upload/policy-oa-2016-1.pdf)

Availability:
This version is available at: 2158/907130 since: 2017-03-14T15:01:02Z

WIT Press

Questa è la Versione finale referata (Post print/Accepted manuscript) della seguente pubblicazione:

FLORE
Repository istituzionale dell'Università degli Studi di

Firenze

Open Access





Eco-Architecture V

WITeLibrary
Home of the Transactions of the Wessex Institute.

Papers presented at Eco-Architecture V are archived in the WIT eLibrary in 
volume 142 of WIT Transactions on the Built Environment (ISSN 1743-3509).

The WIT eLibrary provides the international scientific community with immediate and 
permanent access to individual papers presented at WIT conferences. 

http://library.witpress.com

WIT Press publishes leading books in Science and Technology. 
Visit our website for the current list of titles.

www.witpress.com

WIT PRESS



FIFTH  INTERNATIONAL  CONFERENCE  ON
HARMONISATION  BETWEEN  ARCHITECTURE  AND NATURE

C. A. Brebbia
Wessex Institute of Technology, UK

R. Pulselli
University of Siena, Italy

Organised by
Wessex Institute of Technology, UK

University of Siena, Italy

Sponsored by
WIT Transactions on the Built Environment

International Journal of Design & Nature and Ecodynamics
International Journal of Sustainable Development and Planning

INTERNATIONAL SCIENTIFIC ADVISORY COMMITTEE

ECO-ARCHITECTURE V

CONFERENCE CHAIRMEN

R. Cerny
F. Cumo

E. Garido Vazquez
M. Hejazi

B. Kazimee
D. Longo

N. Nikolov
S. Rola

J. Rugemer
L. Schibuola
A. Villacampa

S. S. Zubir



B Abersek University of Maribor, Slovenia
Y N Abousleiman University of Oklahoma, 

USA
K S Al Jabri Sultan Qaboos University, 

Oman
E Alarcon Universidad Politecnica de 

Madrid, Spain
C Alessandri Universita di Ferrara, Italy
D Almorza Gomar University of Cadiz, 

Spain
B Alzahabi Kettering University, USA
J A C Ambrosio IDMEC, Portugal
A M Amer Cairo University, Egypt
S A Anagnostopoulos University of 

Patras, Greece
M Andretta Montecatini, Italy
E Angelino A.R.P.A. Lombardia, Italy
H Antes Technische Universitat 

Braunschweig, Germany
M A Atherton South Bank University, UK
A G Atkins University of Reading, UK
D Aubry Ecole Centrale de Paris, France
J Augutis Vytautas Magnus University, 

Lithuania
H Azegami Toyohashi University of 

Technology, Japan
A F M Azevedo University of Porto, 

Portugal
J M Baldasano Universitat Politecnica de 

Catalunya, Spain
J G Bartzis Institute of Nuclear 

Technology, Greece
S Basbas Aristotle University of 

Thessaloniki, Greece
A Bejan Duke University, USA
M P Bekakos Democritus University of 

Thrace, Greece

G Belingardi Politecnico di Torino, Italy
R Belmans Katholieke Universiteit 

Leuven, Belgium
C D Bertram The University of New 

South Wales, Australia
D E Beskos University of Patras, Greece
S K Bhattacharyya Indian Institute of 

Technology, India
E Blums Latvian Academy of Sciences, 

Latvia
J Boarder Cartref Consulting Systems, 

UK
B Bobee Institut National de la Recherche 

Scientifique, Canada
H Boileau ESIGEC, France
M Bonnet Ecole Polytechnique, France
C A Borrego University of Aveiro, 

Portugal
A R Bretones University of Granada, 

Spain
J A Bryant University of Exeter, UK
F-G Buchholz Universitat 

Gesanthochschule Paderborn, 
Germany

M B Bush The University of Western 
Australia, Australia

F Butera Politecnico di Milano, Italy
W Cantwell Liverpool University, UK
D J Cartwright Bucknell University, USA
P G Carydis National Technical University 

of Athens, Greece
J J Casares Long Universidad de 

Santiago de Compostela, Spain
M A Celia Princeton University, USA
A Chakrabarti Indian Institute of Science, 

India

WIT Transactions

Transactions Editor

Carlos Brebbia
Wessex Institute of Technology

Ashurst Lodge, Ashurst
Southampton SO40 7AA, UK

Editorial Board



J-T Chen National Taiwan Ocean 
University, Taiwan

A H-D Cheng University of Mississippi, 
USA

J Chilton University of Lincoln, UK
C-L Chiu University of Pittsburgh, USA
H Choi Kangnung National University, 

Korea
A Cieslak Technical University of Lodz, 

Poland
S Clement Transport System Centre, 

Australia
M W Collins Brunel University, UK
J J Connor Massachusetts Institute of 

Technology, USA
M C Constantinou State University of 

New York at Buffalo, USA
D E Cormack University of Toronto, 

Canada
D F Cutler Royal Botanic Gardens, UK
W Czyczula Krakow University of 

Technology, Poland
M da Conceicao Cunha University of 

Coimbra, Portugal
L Dávid Károly Róbert College, Hungary
A Davies University of Hertfordshire, UK
M Davis Temple University, USA
A B de Almeida Instituto Superior 

Tecnico, Portugal
E R de Arantes e Oliveira Instituto 

Superior Tecnico, Portugal
L De Biase University of Milan, Italy
R de Borst Delft University of Technology, 

Netherlands
G De Mey University of Ghent, Belgium
A De Montis Universita di Cagliari, Italy
A De Naeyer Universiteit Ghent, Belgium
P De Wilde Vrije Universiteit Brussel, 

Belgium
D De Wrachien State University of Milan, 

Italy
L Debnath University of Texas-Pan 

American, USA
G Degrande Katholieke Universiteit 

Leuven, Belgium
S del Giudice University of Udine, Italy
G Deplano Universita di Cagliari, Italy
I Doltsinis University of Stuttgart, 

Germany

M Domaszewski Universite de 
Technologie de Belfort-Montbeliard, 
France

J Dominguez University of Seville, Spain
K Dorow Pacific Northwest National 

Laboratory, USA
W Dover University College London, UK
C Dowlen South Bank University, UK
J P du Plessis University of Stellenbosch, 

South Africa
R Duffell University of Hertfordshire, UK
N A Dumont PUC-Rio, Brazil
A Ebel University of Cologne, Germany
G K Egan Monash University, Australia
K M Elawadly Alexandria University, 

Egypt
K-H Elmer Universitat Hannover, Germany
D Elms University of Canterbury, New 

Zealand
M E M El-Sayed Kettering University, USA
D M Elsom Oxford Brookes University, UK
F Erdogan Lehigh University, USA
D J Evans Nottingham Trent University, 

UK
J W Everett Rowan University, USA
M Faghri University of Rhode Island, USA
R A Falconer Cardiff University, UK
M N Fardis University of Patras, Greece
P Fedelinski Silesian Technical University, 

Poland
H J S Fernando Arizona State University, 

USA
S Finger Carnegie Mellon University, USA
E M M Fonseca Instituto Politécnico de 

Bragança, Portugal
J I Frankel University of Tennessee, USA
D M Fraser University of Cape Town, 

South Africa
M J Fritzler University of Calgary, Canada
T Futagami Hiroshima Institute of 

Technology, Japan
U Gabbert Otto-von-Guericke Universitat 

Magdeburg, Germany
G Gambolati Universita di Padova, Italy
C J Gantes National Technical University 

of Athens, Greece
L Gaul Universitat Stuttgart, Germany
A Genco University of Palermo, Italy
N Georgantzis Universitat Jaume I, Spain
P Giudici Universita di Pavia, Italy



L M C Godinho University of Coimbra, 
Portugal

F Gomez Universidad Politecnica de 
Valencia, Spain

R Gomez Martin University of Granada, 
Spain

D Goulias University of Maryland, USA
K G Goulias Pennsylvania State 

University, USA
F Grandori Politecnico di Milano, Italy
W E Grant Texas A & M University, USA
S Grilli University of Rhode Island, USA
R H J Grimshaw Loughborough University, 

UK
D Gross Technische Hochschule 

Darmstadt, Germany
R Grundmann Technische Universitat 

Dresden, Germany
A Gualtierotti IDHEAP, Switzerland
O T Gudmestad University of Stavanger, 

Norway
R C Gupta National University of 

Singapore, Singapore
J M Hale University of Newcastle, UK
K Hameyer Katholieke Universiteit Leuven, 

Belgium
C Hanke Danish Technical University, 

Denmark
K Hayami University of Tokyo, Japan
Y Hayashi Nagoya University, Japan
L Haydock Newage International Limited, 

UK
A H Hendrickx Free University of Brussels, 

Belgium
C Herman John Hopkins University, USA
I Hideaki Nagoya University, Japan
D A Hills University of Oxford, UK
W F Huebner Southwest Research 

Institute, USA
J A C Humphrey Bucknell University, USA
M Y Hussaini Florida State University, 

USA
W Hutchinson Edith Cowan University, 

Australia
T H Hyde University of Nottingham, UK
M Iguchi Science University of Tokyo, 

Japan
D B Ingham University of Leeds, UK
L Int Panis VITO Expertisecentrum IMS, 

Belgium

N Ishikawa National Defence Academy, 
Japan

J Jaafar UiTm, Malaysia
W Jager Technical University of Dresden, 

Germany
Y Jaluria Rutgers University, USA
C M Jefferson University of the West of 

England, UK
P R Johnston Griffith University, Australia
D R H Jones University of Cambridge, UK 
N Jones University of Liverpool, UK
N Jovanovic CSIR, South Africa
D Kaliampakos National Technical 

University of Athens, Greece
N Kamiya Nagoya University, Japan
D L Karabalis University of Patras, Greece
A Karageorghis University of Cyprus
M Karlsson Linkoping University, Sweden
T Katayama Doshisha University, Japan
K L Katsifarakis Aristotle University of 

Thessaloniki, Greece
J T Katsikadelis National Technical 

University of Athens, Greece
E Kausel Massachusetts Institute of 

Technology, USA
H Kawashima The University of Tokyo, 

Japan
B A Kazimee Washington State University, 

USA
S Kim University of Wisconsin-Madison, 

USA
D Kirkland Nicholas Grimshaw & Partners 

Ltd, UK
E Kita Nagoya University, Japan
A S Kobayashi University of Washington, 

USA
T Kobayashi University of Tokyo, Japan
D Koga Saga University, Japan
S Kotake University of Tokyo, Japan
A N Kounadis National Technical 

University of Athens, Greece
W B Kratzig Ruhr Universitat Bochum, 

Germany
T Krauthammer Penn State University, 

USA
C-H Lai University of Greenwich, UK
M Langseth Norwegian University of 

Science and Technology, Norway
B S Larsen Technical University of 

Denmark, Denmark



F Lattarulo Politecnico di Bari, Italy
A Lebedev Moscow State University, 

Russia
L J Leon University of Montreal, Canada
D Lesnic University of Leeds, UK
D Lewis Mississippi State University, USA
S lghobashi University of California Irvine, 

USA
K-C Lin University of New Brunswick, 

Canada
A A Liolios Democritus University of 

Thrace, Greece
S Lomov Katholieke Universiteit Leuven, 

Belgium
J W S Longhurst University of the West 

of England, UK
G Loo The University of Auckland, New 

Zealand
J Lourenco Universidade do Minho, 

Portugal
J E Luco University of California at San 

Diego, USA
H Lui State Seismological Bureau Harbin, 

China
C J Lumsden University of Toronto, 

Canada
L Lundqvist Division of Transport and 

Location Analysis, Sweden
T Lyons Murdoch University, Australia
Y-W Mai University of Sydney, Australia
M Majowiecki University of Bologna, Italy
D Malerba Università degli Studi di Bari, 

Italy
G Manara University of Pisa, Italy
S Mambretti Politecnico di Milano, Italy
B N Mandal Indian Statistical Institute, 

India
Ü Mander University of Tartu, Estonia
H A Mang Technische Universitat Wien, 

Austria
G D Manolis Aristotle University of 

Thessaloniki, Greece
W J Mansur COPPE/UFRJ, Brazil
N Marchettini University of Siena, Italy
J D M Marsh Griffith University, Australia
J F Martin-Duque Universidad 

Complutense, Spain
T Matsui Nagoya University, Japan
G Mattrisch DaimlerChrysler AG, Germany
F M Mazzolani University of Naples 

“Federico II”, Italy

K McManis University of New Orleans, 
USA

A C Mendes Universidade de Beira 
Interior, Portugal

R A Meric Research Institute for Basic 
Sciences, Turkey

J Mikielewicz Polish Academy of 
Sciences, Poland

N Milic-Frayling Microsoft Research Ltd, 
UK

R A W Mines University of Liverpool, UK
C A Mitchell University of Sydney, 

Australia
K Miura Kajima Corporation, Japan
A Miyamoto Yamaguchi University, Japan
T Miyoshi Kobe University, Japan
G Molinari University of Genoa, Italy
T B Moodie University of Alberta, Canada
D B Murray Trinity College Dublin, Ireland
G Nakhaeizadeh DaimlerChrysler AG, 

Germany
M B Neace Mercer University, USA
D Necsulescu University of Ottawa, 

Canada
F Neumann University of Vienna, Austria
S-I Nishida Saga University, Japan
H Nisitani Kyushu Sangyo University, 

Japan
B Notaros University of Massachusetts, 

USA
P O’Donoghue University College Dublin, 

Ireland
R O O’Neill Oak Ridge National 

Laboratory, USA
M Ohkusu Kyushu University, Japan
G Oliveto Universitá di Catania, Italy
R Olsen Camp Dresser & McKee Inc., 

USA
E Oñate Universitat Politecnica de 

Catalunya, Spain
K Onishi Ibaraki University, Japan
P H Oosthuizen Queens University, 

Canada
E L Ortiz Imperial College London, UK
E Outa Waseda University, Japan
A S Papageorgiou Rensselaer Polytechnic 

Institute, USA
J Park Seoul National University, Korea
G Passerini Universita delle Marche, Italy
F Patania University of Catania, Italy
B C Patten University of Georgia, USA



G Pelosi University of Florence, Italy
G G Penelis Aristotle University of 

Thessaloniki, Greece
W Perrie Bedford Institute of 

Oceanography, Canada
R Pietrabissa Politecnico di Milano, Italy
H Pina Instituto Superior Tecnico, Portugal
M F Platzer Naval Postgraduate School, 

USA
D Poljak University of Split, Croatia
H Power University of Nottingham, UK
D Prandle Proudman Oceanographic 

Laboratory, UK
M Predeleanu University Paris VI, France
I S Putra Institute of Technology Bandung, 

Indonesia
Y A Pykh Russian Academy of Sciences, 

Russia
F Rachidi EMC Group, Switzerland
M Rahman Dalhousie University, Canada
K R Rajagopal Texas A & M University, 

USA
T Rang Tallinn Technical University, 

Estonia
J Rao Case Western Reserve University, 

USA
J Ravnik University of Maribor, Slovenia
A M Reinhorn State University of New 

York at Buffalo, USA
G Reniers Universiteit Antwerpen, Belgium
A D Rey McGill University, Canada
D N Riahi University of Illinois at Urbana- 

Champaign, USA
B Ribas Spanish National Centre for 

Environmental Health, Spain
K Richter Graz University of Technology, 

Austria
S Rinaldi Politecnico di Milano, Italy
F Robuste Universitat Politecnica de 

Catalunya, Spain
J Roddick Flinders University, Australia
A C Rodrigues Universidade Nova de 

Lisboa, Portugal
F Rodrigues Poly Institute of Porto, 

Portugal
G R Rodríguez Universidad de Las Palmas 

de Gran Canaria, Spain
C W Roeder University of Washington, 

USA
J M Roesset Texas A & M University, 

USA

W Roetzel Universitaet der Bundeswehr 
Hamburg, Germany

V Roje University of Split, Croatia
R Rosset Laboratoire d’Aerologie, France
J L Rubio Centro de Investigaciones 

sobre Desertificacion, Spain
T J Rudolphi Iowa State University, USA
S Russenchuck Magnet Group, 

Switzerland
H Ryssel Fraunhofer Institut Integrierte 

Schaltungen, Germany
S G Saad American University in Cairo, 

Egypt
M Saiidi University of Nevada-Reno, USA
R San Jose Technical University of 

Madrid, Spain
F J Sanchez-Sesma Instituto Mexicano 

del Petroleo, Mexico
B Sarler Nova Gorica Polytechnic, 

Slovenia
S A Savidis Technische Universitat Berlin, 

Germany
A Savini Universita de Pavia, Italy
G Schmid Ruhr-Universitat Bochum, 

Germany
R Schmidt RWTH Aachen, Germany
B Scholtes Universitaet of Kassel, 

Germany
W Schreiber University of Alabama, USA
A P S Selvadurai McGill University, 

Canada
J J Sendra University of Seville, Spain
J J Sharp Memorial University of 

Newfoundland, Canada
Q Shen Massachusetts Institute of 

Technology, USA
X Shixiong Fudan University, China
G C Sih Lehigh University, USA
L C Simoes University of Coimbra, 

Portugal
A C Singhal Arizona State University, 

USA
P Skerget University of Maribor, Slovenia
J Sladek Slovak Academy of Sciences, 

Slovakia
V Sladek Slovak Academy of Sciences, 

Slovakia
A C M Sousa University of New 

Brunswick, Canada
H Sozer Illinois Institute of Technology, 

USA



D B Spalding CHAM, UK
P D Spanos Rice University, USA
T Speck Albert-Ludwigs-Universitaet 

Freiburg, Germany
C C Spyrakos National Technical 

University of Athens, Greece
I V Stangeeva St Petersburg University, 

Russia
J Stasiek Technical University of Gdansk, 

Poland
G E Swaters University of Alberta, Canada
S Syngellakis Wessex Institute of 

Technology, UK
J Szmyd University of Mining and 

Metallurgy, Poland
S T Tadano Hokkaido University, Japan
H Takemiya Okayama University, Japan
I Takewaki Kyoto University, Japan
C-L Tan Carleton University, Canada
E Taniguchi Kyoto University, Japan
S Tanimura Aichi University of 

Technology, Japan
J L Tassoulas University of Texas at 

Austin, USA
M A P Taylor University of South 

Australia, Australia
A Terranova Politecnico di Milano, Italy
A G Tijhuis Technische Universiteit 

Eindhoven, Netherlands
T Tirabassi Institute FISBAT-CNR, Italy
S Tkachenko Otto-von-Guericke-

University, Germany
N Tosaka Nihon University, Japan
T Tran-Cong University of Southern 

Queensland, Australia
R Tremblay Ecole Polytechnique, Canada
I Tsukrov University of New Hampshire, 

USA
R Turra CINECA Interuniversity Computing 

Centre, Italy
S G Tushinski Moscow State University, 

Russia
J-L Uso Universitat Jaume I, Spain

E Van den Bulck Katholieke Universiteit 
Leuven, Belgium

D Van den Poel Ghent University, Belgium
R van der Heijden Radboud University, 

Netherlands
R van Duin Delft University of 

Technology, Netherlands
P Vas University of Aberdeen, UK
R Verhoeven Ghent University, Belgium
A Viguri Universitat Jaume I, Spain
Y Villacampa Esteve Universidad de 

Alicante, Spain
F F V Vincent University of Bath, UK
S Walker Imperial College, UK
G Walters University of Exeter, UK
B Weiss University of Vienna, Austria
H Westphal University of Magdeburg, 

Germany
J R Whiteman Brunel University, UK
T W Wu University of Kentucky, USA
Z-Y Yan Peking University, China
S Yanniotis Agricultural University of 

Athens, Greece
A Yeh University of Hong Kong, China
B W Yeigh SUNY Institute of Technology, 

USA
J Yoon Old Dominion University, USA
K Yoshizato Hiroshima University, Japan
T X Yu Hong Kong University of Science 

& Technology, Hong Kong
M Zador Technical University of Budapest, 

Hungary
K Zakrzewski Politechnika Lodzka, Poland
M Zamir University of Western Ontario, 

Canada
G Zappalà CNR-IAMC, Italy
R Zarnic University of Ljubljana, Slovenia
G Zharkova Institute of Theoretical and 

Applied Mechanics, Russia
N Zhong Maebashi Institute of 

Technology, Japan
H G Zimmermann Siemens AG, Germany
R Zainal Abidin Infrastructure University 

Kuala Lumpur(IUKL), Malaysia



Eco-Architecture V

Editors

C.A. Brebbia
Wessex Institute of Technology, UK

R. Pulselli
University of Siena, Italy

Harmonisation between 
Architecture and Nature



Published by
WIT Press
Ashurst Lodge, Ashurst, Southampton, SO40 7AA, UK
Tel: 44 (0) 238 029 3223; Fax: 44 (0) 238 029 2853
E-Mail: witpress@witpress.com
http://www.witpress.com

For USA, Canada and Mexico

Computational Mechanics Inc
25 Bridge Street, Billerica, MA 01821, USA
Tel: 978 667 5841; Fax: 978 667 7582
E-Mail: infousa@witpress.com
http://www.witpress.com 

British Library Cataloguing-in-Publication Data

	 A Catalogue record for this book is available 
	 from the British Library

ISBN: 978-1-84564-822-0
eISBN: 978-1-84564-823-7
ISSN: 1746-4498 (print)
ISSN: 1743-3509 (online)

                The texts of the  papers in this volume were set
                individually by the authors or under their supervision.
                Only minor corrections to the text may have been carried
                out by the publisher.

No responsibility is assumed by the Publisher, the Editors and Authors for any injury and/or 
damage to persons or property as a matter of products liability, negligence or otherwise, or 
from any use or operation of any methods, products, instructions or ideas contained in the 
material herein. The Publisher does not necessarily endorse the ideas held, or views expressed 
by the Editors or Authors of the material contained in its publications.

© WIT Press 2014

Printed in Great Britain by Lightning Source, UK.

All rights reserved.  No part of this publication may be reproduced, stored in a retrieval 
system, or transmitted in any form or by any means, electronic, mechanical, photocopying, 
recording, or otherwise, without the prior written permission of the Publisher.

Editors:
C.A. Brebbia
Wessex Institute of Technology, UK

R. Pulselli
University of Siena, Italy



Preface

This book contains papers presented at the fifth International Conference on 
Harmonisation between Architecture and Nature (Eco-Architecture 2014) and 
follows four successful meetings that started in the New Forest, home of the 
Wessex Institute of Technology in 2006; and continued in the Algarve (2008); La 
Coruna (2010); and the island of Kos (2012).

This time, the Conference was held in association of Wessex Institute of 
Technology with the University of Siena, and in particular with the Ecodynamics 
Group, originated by the late Professor Enzo Tiezzi.

A few years ago, Enzo Tiezzi, then Professor at the University of Siena, asked his 
students “What do you think the most sustainable building is?”. There were many 
possible answers to this question. One could easily cite hundreds of prime examples 
from contemporary architecture: envelopes that adapt to sunlight, natural materials 
that substitute cement and petroleum derivatives, shapes that follow the direction 
of the wind for passive ventilation and cooling, systems that heat buildings using 
the heat of the earth, home automation systems, technologies that adapt to any 
weather variation. These are all effective components of modern eco-architecture. 
After listening to this series of answers, Enzo revealed his own solution to his 
question: “The most sustainable building is the one that already exists.” The most 
sustainable architecture is the result of an evolution, a progressive adaptation of 
structures to environments and adjustments to new needs. The sustainable city 
is not a city full of new buildings, but rather the same city of the past, repaired, 
renovated, modified in order to be lived in as fully today as it was in the past. 
“Starting from what already exists” is the premise that should inspire research, 
policies and the building industry in the future.

Enzo’s answer, in its simplicity, encompasses the objective of this Conference, i.e. 
that the design process should aim for optimum solutions evolving through the 
adaptation of architecture to its natural environment, learning from nature and long 
time honoured traditional constructions.



The success of this Conference as evidenced by the contents of this book is a 
demonstration of the interest shown by different practitioners to the topic of Eco-
Architecture. This is by definition a multi-disciplinary field, attracting many other 
professionals, in addition to architects. Authors of the papers in this book are 
engineers, planners, physical scientists, sociologists and economists, as well as 
architects, all of them showing their expertise towards developing an architecture 
better suited to the future of humankind.

The Editors are grateful to all authors for their excellent contributions, as well 
as to the members of the International Scientific Advisory Committee and other 
colleagues who helped select the papers included in this book.

The Editors
Siena
2014
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Operation and testing for product innovation 

P. Gallo 
Department of Architecture, Florence University, Italy 

Abstract 

What is the role of the innovation for systems and components in the future? Will 
we be able to change the existent technological systems and to develop innovative 
products in order to influence the building market or create really new ideas 
capable of change to the life style of the people? The objective is to achieve a 
sustainable good quality construction as a continuous process starting from the 
new characteristics and new opportunities for the enterprises and develop new 
components with high efficiency in order to satisfy the construction market and to 
meet the demand for high-performance by the users. To achieve this, a close 
relationship between the research world and manufacturing companies play a key 
role, especially in the development phase of new performing products and for the 
improvement of new architectural solutions studied for their integrability in 
the buildings. 
Keywords:  products innovation, construction market, research and innovation, 
energy saving, sustainable construction. 

1 Introduction 

Building sector energy consumption grew 18% between 2000 and 2010, to reach 
117 EJ – around one-third of global final energy use, producing about one-sixth 
of end-use direct CO2 emissions. Several key factors influence the evolution of 
building energy consumption and emissions, including population growth, which 
increases demand for residential buildings and services. In fact the global 
population increased by 14% from 2000 to 2011, to almost 7 billion, and is 
expected to rise by 10% from 2011 to 2020, to reach 7.6 billion. The proportion 
of the world’s population living in urban areas has risen from 47% in 2000 to 
slightly more than half today. By 2020, that share is expected to be 56%.  So the 
buildings are responsible for the largest share of energy consumption and 
associated greenhouse gas (CO2) emissions and therefore building construction I 
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a key sector to reach the long term climate and energy targets. The challenge of 
the future efforts of the construction sector should be properly addressed by 
policies in order to mobilize the market towards a low carbon society and trigger 
multiple benefits (such as the independence from energy imports from politically 
unstable areas, job creation, improved air quality and indoor comfort, reduced fuel 
poverty etc.).  
     Unfortunately, energy demand in the buildings sector is expected to increase 
by 6.6% to around 124 EJ in 2020, but deep emissions reductions can be achieved, 
at low cost based on existing technologies and by a construction market innovation 
with more problem regarding the investments; the challenge is to ensure that 
appropriate policies are in place to realise this potential through energy savings in 
new and existing buildings. In summary, the building sector is key to achieving 
the EU’s energy, climate and resource efficiency long-term strategies: to reach the 
long-term decarbonisation goals, the EU 1] identified potential CO2 emissions 
reduction of 88% to 91% by 2050 compared to 1990 levels, related to the 
residential and services sectors. in addition, the Energy Roadmap 2050 2] 
considers that the high “energy efficiency potential in new and existing buildings 
is key” to reach a sustainable energy future in the EU, contributing significantly 
to the reduction of energy demand, the security of energy supply and the increase 
of competitiveness. Furthermore, the Roadmap to a Resource Efficient Europe ] 
identifies buildings among the three key sectors responsible for 70% to 80% of all 
environmental impacts. Therefore, better construction and use of buildings in the 
EU would influence 42% of the final energy consumption, about 35% of the CO2 
emissions, more than 50% of all extracted materials and could save up to 30% of 
water consumption. However, to unleash the full potential of energy savings 
related to buildings, the additional value of improved energy efficiency (e.g. 
improved indoor climate, reduced energy cost, improved property value, etc.) must 
be recognised, and the lifetime costs of buildings have to be considered rather than 
just focusing on investment costs. Over the last decade, building policies in the 
European Union increased in their scope and coverage and are moving towards an 
integrated approach taking into account the energy, environmental, financial and 
comfort related aspects [4].  

 
     

Figure 1: Buildings end-use energy by sector and the forecast by 2D and 6D 
scenario. (Source: EU Technology Roadmap – Energy Efficient 
Building Envelope.)  
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2 The innovation technology and research contribution 

The process of technological innovation is often described, for analytical and 
prescriptive purposes, as a linear process composed of several stages or steps that 
include research, development, demonstration, deployment and diffusion. 
Mapping innovation in the real world is clearly more complex, as the process of 
innovation is not a linear progression. Feedback occurs between the different 
stages of the process. For example, demonstration projects can result in significant 
changes to the product; feedback from the market and from technology users 
during the commercialisation and diffusion phases can lead to additional RD&D 
(research development and demonstration), driving continuous innovation; as well 
as free-market competition at the later stages of the RD&D chain, when 
technologies are closer to commercialisation, also plays an important role for 
continuous innovation. 

2.1 Accelerate innovation in energy and public activities of research, 
development and demonstration programs, investing in transition 

Governments should develop and implement strategic programs of energy 
research, relying on increased and sustained financial support. They should also 
consider the creation of joint efforts of RD&D in order to take coordinated action, 
to avoid duplication, improve performance and reduce costs of the technologies in 
the first phase of innovation, including through the sharing of lessons learned from 
innovative models of RD&D. Resource efficiency and technology innovation, in 
fact, can reduce costs, but often requires initial investments. UNEP (United 
Nations Environment Programme) estimate that the annual financing needs for 
making the world economy more resource efficient are very high (between 
US$ 1.05–2.59 trillion), mainly from private sources. This will require not only 
spending for green solutions, but greening of all public and private investments. 
For this reason the European Council adopted the regulation laying down the EU's 
multiannual financial framework for 2014–20; a proposal for a Multiannual 
Financial Framework 2014–2020 that marks the end of two and a half years of 
negotiations and allows the new generation of EU spending programmes to be 
implemented as from 1 January 2014 that have already made major steps towards 
integrating resource efficiency in the EU budget. So, the rapid growth of global 
financing for clean energy shows how this shift in mindset is possible. However, 
unfamiliarity of financiers with risks and returns on investments in resource 
efficiency presents an obstacle to investment, uncertainty on policy direction and 
credibility adds financial risk, and the longer-term investments are often not 
favoured by the financial markets geared to short-term performance. The transition 
to a green and low-carbon economy will require significant innovation, from small 
incremental changes to major technological breakthroughs. At the same time we 
need a more comprehensive and credible knowledge base about how the natural 
systems react to the different pressures we exert on them. Basic and applied 
research should identify challenges and guide actions, including social sciences 
research to develop our understanding of behaviour. To trigger this push in 
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research and innovation, the right set of incentives needs to be in place so that the 
private sector invests more in resource efficient research and innovation. Demand 
side measures will help create incentives for green innovation by building markets. 
Clear framework conditions are needed to increase investor certainty and better 
access to finance for companies making green investments that are seen as riskier 
or that have longer payback times.   
 

 

Figure 2: The market for energy efficiency. 

2.2 Research and innovation in the building sector: the role of the  
building envelope 

Near-zero energy consumption in new – and existing – buildings and communities 
is possible. Designing a carefully chosen research and development strategy will 
enable the building industries to move from incremental – to substantial – energy 
savings and reductions in greenhouse gas emissions. The aim of the implementing 
agreement for a programme of research and development on energy in buildings 
is to take advantage of energy-saving  opportunities to remove technical obstacles 
to market penetration of new energy conservation technologies for community 
systems and residential, commercial, and office buildings. To implement this 
strategy, research activities have to focus on dissemination, decision-making and 
building systems. When buildings are constructed or renovated, a whole-building 
perspective is preferred, which involves considering all parts of the building and 
the construction process to reveal opportunities to improve energy efficiency. 
Numerous whole-building perspectives and policy mechanisms exist, such as 
building performance certificates [5] and whole-building labelling programmes. 
In these perspectives, detail the building envelope’s impact on energy 
consumption should not be underestimated [6]. While whole-building approaches 
are ideal, every day building envelope components are upgraded or replaced using 
technologies that are often less efficient than the best options that will be available 
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if we invest in the innovation. These advanced options, which are the primary 
focus of the future in the construction, are needed not only to support whole-
building approaches but also to improve the energy efficiency of individual 
components:  
 

– high levels of insulation in walls, roofs and floors, to reduce heat losses in cold 
climates, optimised through life-cycle cost (LCC) assessment; 

– high-performance windows, with low thermal transmittance for the entire 
assembly (including frames and edge seals) and climate-appropriate solar heat 
gain coefficients; 

– highly reflective surfaces in hot climates, including both white and “cool-
coloured” roofs and walls, with glare minimized; 

– properly sealed structures to ensure low air infiltration rates, with controlled 
ventilation for fresh air; 

– minimisation of thermal bridges (components that easily conduct heat), such 
as high thermal conductive fasteners and structural members, while managing 
moisture concerns within integrated building components and materials. 

 

     Analysis of building envelopes is complicated by the extreme global diversity 
of building materials, climates, and standards and practices of building design and 
construction, but it is vital to ensure for new and retrofit buildings the use the most 
efficient technologies. So, the suitability of energy-efficient technologies depends 
on the type of economy, climate and whether the materials are being used for new 
buildings or retrofits. To achieve the large energy savings that efficient building 
envelopes can offer, full market saturation of high-priority, energy-efficient 
building materials is essential. Not only but is more important to invest in RD&D 
on the following technologies that will lead to greater returns on investment: 
 

– highly insulated windows; 

– advanced, high-performance, “thin” insulation; 

– less labour-intensive air sealing, and lower-cost validation testing; 

– lower-cost automated dynamic shading and glazings; 

– more durable and lower-cost reflective roof materials and reflective coatings. 
 

     Cost is a primary barrier to greater application and in some cases there are also 
concerns about long-term performance. There also is a lack of knowledge about 
innovative applications, and detailed design guidelines are limited. Greater effort 
is needed to highlight applications that are viable in market terms, such as 
locations in buildings with space limitations that will usually require a 
combination of high thermal performance insulation with lower material cost. 
Also, a systems perspective can allow for high-performance insulations to reduce 
labour costs, especially for building renovations (e.g. interior wall insulation in 
historic buildings), so cost-effectiveness does not have to be limited just to the 
material cost of a system. 
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Figure 3: Progression construction of building envelopes from old stock to 
future technology. (Source: IEA Report Technology Roadmap 
Energy efficient building envelopes.)  

3 New opportunities to satisfy the construction market for 
high-performance buildings 

What is the role of the innovation for systems and components in the future? Will 
we be able to change the existent technological systems and to develop innovative 
products in order to influence the building market or create really new ideas 
capable of change to the life style of the people? The answer to this questions is 
achieve a sustainable good quality construction as a continue process starting from 
the new characteristics and new opportunities for the enterprises and develop new 
components with high efficiency in order to satisfy the construction market and to  
 

 

Figure 4: The suitability of energy-efficient technologies. (Source: Tracking 
Clean Energy Progress 2013 – IEA Report.) 
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meet the demand for high-performance by the users. Market barriers preventing 
the adoption of energy-efficient buildings or building materials can be real or 
perceived. As well as simple failures such as a lack of knowledge about alternative 
options, they can include concerns about the performance, expected energy 
savings, reliability and service life of a new product. Some new construction 
materials and approaches oblige builders to completely change the way a building 
is erected.  
     Barriers in emerging markets can include import tariffs, a lack of product 
performance metrics and a lack of installation procedures. In many countries there 
are also institutional barriers such as lack of government oversight or interest, lack 
of appropriate market signals to promote efficiency, and lack of basic 
infrastructure. To deploy energy-efficient buildings, several institutional and 
market barriers need to be overcome. The following core elements should serve as 
good starting points for policy makers in regions where construction practices do 
not typically include energy-efficiency strategies:  
 
‐ there is a large array of technical requirements to enable the installation of 

more efficient building envelopes. These include proper test performance 
metrics and associated testing equipment so that third-party test ratings, 
certificates and labels can be established. Skilled labour is essential to conduct 
tests, assess alternative building solutions, promote efficient building policy, 
install new materials, conduct inspections and ensure compliance. It is also 
vital to make available general education materials such as guidelines adapted 
for the specific markets; energy calculators based on local climate, energy 
prices and occupant behavior; and an overall improved knowledge base of 
more efficient options; 

‐ while demonstration buildings can be built with materials imported from 
distant places, for energy-efficient buildings to become viable the materials 
need to be manufactured much closer to the construction region, since 
shipping costs for large, heavy materials can be prohibitively high; 

‐ to ensure that factories are built that can produce commodity materials on a 
large scale, governments need to give clear signals about their interest in 
promoting efficient building envelopes, and often other support such as 
market-based or higher energy prices (higher tariffs). Policy makers need to 
have an open dialogue with the building material industry about key elements 
that will help drive investment. Manufacturing building materials 
domestically, or at least regionally, creates jobs not only in local 
manufacturing but also for global investors involved in specialised tooling 
and unique raw materials. 

     In this contest, in Italy, to overcome these barriers and stimulated by the 
scenarios provided by the European Community, the regional administration of 
Tuscany, has funded a research project “Abitare Mediterraneo” 
(www.abitaremediterraneo.eu) aimed to develop synergy between industrial 
companies, builders and research centres, to increase competitiveness in building 
sector and meet European and National standard requirements. The project aimed 
to increase the energy saving in Mediterranean climate, focusing on summer 
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comfort, developing and testing innovative solutions with national and EU 
companies. The research has developed advanced tools, as a Database, a Test Cell, 
and a new Spin-off on sustainable architecture and innovative products. In detail, 
the multimedia library create a complete tool to help designers, companies and 
public administrations to design building in Mediterranean climate.  
     The database structure have developed a system to surfing inside a specific 
meta-design, technical and performance solutions of building and envelop in 
relationship with the energy legislation.  
 

 

Figure 5: The database web screen with the products and the 
specific performance that characterize them. (Source: 
www.abitaremediterraneo.eu) 

     The catalog of meta-design solutions “Abitare Mediterraneo” analyzes 
performance requirements of specifics of building innovative components for 
Mediterranean climate. This library is a reference point for designers that 
approaching not only at energetic projects but also at projects were, new pattern 
of space, contribute at indoor comfort. The database want create a map of the 
building system were technical and innovative typological solution are connoted 
by the requirements of space and performance of solution. Inside the database it's 
possible choose, within a large group of products for building, components and 
technological systems (new and existent) more efficient to energy saving: the user 
can develop meta-design solutions in terms of performance and in relation to 
environmental characteristics of Mediterranean areas.  For every solution is 
possible identify the most important requirements and some meta-design 
indications, connected with the technical solution database where it is possible to 
found different solution for answer at requirements indicated. 

380  Eco-Architecture V

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on Ecology on The Built Environment, Vol 142, © 2014 WIT Press



     Another important result of Abitare Mediterraneo research, was been the 
construction of an outdoor Test Cell to assess the dynamic thermal behavior of 
building surfaces; an instrument for giving the opportunity principally to local 
building market to test new products that needs to be used in Mediterranean 
Climate, products that are able to reduce annual energy consumption in buildings 
working with a sufficient insulation level and appropriate thermal inertia if 
necessary.  In fact, with this tool, can be run tests on innovative exterior wall 
elements, in exterior ambient conditions and the data that can be obtained, include 
thermal damping factor, delays, solar aperture factor and U value. The test cell 
features instruments for multi-channel monitoring a weather station and their own 
analysis software. Outdoor test cells, where there is a high degree of control of the 
indoor environment, well-specified constructions and high levels of 
instrumentation, can certainly fill the gap between laboratory testing and full-scale 
building testing. In fact the main use of testing in outdoor test cells is the link with 
simulation modelling.  
     The innovative perspective is that dynamic simulation programs have improved 
in capability and validity and can therefore be used with some confidence in 
predicting energy and environmental performance of buildings. However, where 
a new component is under development, for example an advanced glazing, a 
hybrid photovoltaic module or shading component, then high quality datasets from 
outdoor experiments can be used to ensure that the simulation program is capable  
 

 

Figure 6: The outdoor Test Cell realised in Italy (Florence) within the Abitare 
Mediterraneo project. (Source: www.abitaremediterraneo.eu) 
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of modelling that component. If so, it is considered that the simulation program 
can then be used to model the component when integrated into a full-scale 
building. 
     Basically the principal mission of this research programme has been to develop 
and facilitate the integration of new technologies and processes for energy 
efficiency and conservation into healthy, low emission, and sustainable buildings 
and communities, through innovation and research. So the outdoor test cell 
realized in Italy within the Abitare Mediterraneo project, is a point of reference for 
companies and manufacturers of innovative components; a technology lab with an 
extensive program of service and open to all producers who wish to verify the 
performance of new products for the building to be placed on the market to 
promote energy conservation and sustainability in construction 

4 Results and discussion 

With the Test Cell lab, based on full scale dynamic measurements, is possible to 
develop the necessary knowledge, tools and networks to achieve reliable in-situ 
dynamic testing and data analysis methods that can be used to characterize the 
actual energy performance of building components and whole buildings. The main 
objectives in fact, are:  
 

– work out common quality procedures for dynamic full scale testing to come to 
a better performance analysis; 

– develop models to characterize and predict the effective thermal performances 
of innovative building components and whole buildings. 

 

     To reduce the energy use of the buildings and communities industrialized, 
many industrialized countries have imposed stringent requirements for new 
developments. In most cases, evaluation and labeling of energy performance of 
buildings are carried out at the design phase. Several studies have showed, 
however, that the actual performances after construction may deviate significantly 
from this theoretically designed performance. As a result, there is a growing 
interest in full scale testing of components and whole buildings characterize their 
actual thermal performance and energy efficiency. This full testing approach is not 
only of interest to study building components performance under actual 
conditions, but is also a valuable and necessary tool to deduce simplified models 
for advanced component and systems to integrate them into building simulation 
models. The same is true to identify suitable models to describe the thermal 
dynamics of whole buildings including their energy systems. It is clear that 
quantifying the actual performance of buildings, verifying calculation models and 
integrating new advanced energy solutions for nearly zero or positive energy 
buildings can only be affectively realized by in situ testing and dynamic data 
analysis. But, practice shows that the outcome of many on site activities can be 
questioned in terms of accurate and reliability. Full scale testing requires quality 
during all stage of approach, starting with the test environment, such as test cell or 
real buildings, accuracy of sensor and correct installation, data acquisition 
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software, and so on. It is crucial that the experimental setup (for example test 
layout imposed boundary conditions for testing) is correctly designed, and 
produces reliable data.  As soon as the required quality is not achieved at one of 
the stages, the results become inconclusive or useless. The outputs can then be 
used in dynamic data analysis based on advanced statistical methods to provide a 
characteristics with reliable accuracy intervals and finale use of results, to qualify 
the new products for the construction industry to launch an entirely competitive 
market, able to increase not only the industrial production, but above all, energy 
quality of buildings 

5 Conclusion 

Innovation within a project, company and occupational industry provides the 
opportunity to realize significant benefits and, in a competitive market, is a 
requirement for continued existence. All companies must innovate at some level 
in order to stay competitive. Innovation in the construction industry may take place 
at a lower rate compared to other industries due to the structure and characteristics 
of the industry and projects, but it does, and must, occur in a competitive market. 
     Product innovation is an important activity in corporate entrepreneurship and 
technology management. The successful introduction of new products into the 
market is a critical factor for the survival and growth of companies [6, 7]. 
However, the increasingly dynamic and turbulent environment in which firms 
compete makes the commercialization of a new product not only a necessary, but 
also a risky venture. 
     Anyway, to unleash the full potential of energy savings related to buildings, the 
additional value of improved energy efficiency (e.g. improved indoor climate, 
reduced energy cost, improved property value, etc.) must be recognised, and the 
lifetime costs of buildings have to be considered rather than just focusing on 
investment costs. Over the last decade, building policies in the European Union 
increased in their scope and coverage and are moving towards an integrated 
approach taking into account the energy, environmental, financial and comfort 
related aspects 
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