


Eco-Architecture IV

WITeLibrary
Home of the Transactions of the Wessex Institute.

Papers presented at Eco-Architecture IV are archived in the WIT eLibrary in
volume 165 of WIT Transactions on Ecology and the Environment (ISSN 1743-3541).
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

WITPRESS



FOURTH  INTERNATIONAL  CONFERENCE  ON

HARMONISATION  BETWEEN  ARCHITECTURE  AND NATURE

C. A. Brebbia

Wessex Institute of Technology, UK

Organised by

Wessex Institute of Technology, UK

Sponsored by

WIT Transactions on Ecology and the Environment

International Journal of Design & Nature and Ecodynamics

International Journal of Sustainable Development and Planning

INTERNATIONAL SCIENTIFIC ADVISORY COMMITTEE

ECOECOECOECOECO-ARCHITECTURE IV-ARCHITECTURE IV-ARCHITECTURE IV-ARCHITECTURE IV-ARCHITECTURE IV

CONFERENCE CHAIRMAN

E. Beita

G. Broadbent

B. Ceranic

I. Ciotoiu

M. Haggag

S. Hernández

R. Pulselli

N. Quaranta

J. Ruegemer



WIT Transactions

Editorial Board

Transactions Editor

Carlos Brebbia
Wessex Institute of Technology

Ashurst Lodge, Ashurst

Southampton SO40 7AA, UK

B Abersek University of Maribor, Slovenia

Y N Abousleiman University of Oklahoma,
USA

P L Aguilar University of Extremadura, Spain

K S Al Jabri Sultan Qaboos University, Oman

E Alarcon Universidad Politecnica de Madrid,
Spain

A Aldama IMTA, Mexico

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 Baish Bucknell University, USA

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

J J Bommer Imperial College London, UK

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

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

M Costantino Royal Bank of Scotland, UK

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

W 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

E del Giudice University of Milan, Italy

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

E E Edoutos Democritus University of Thrace,

Greece

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 Toyko, 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

M K Jha Morgan State University, USA

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

V Popov Wessex Institute of Technology, UK

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

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 University of Southampton, 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

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



Eco-Architecture IV

Editor

C.A. Brebbia

Wessex Institute of Technology, UK

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: 978-1-84564-614-1

eISBN: 978-1-84564-615-8

ISSN: 1746-448X (print)

ISSN: 1743-3541 (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 2013

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.

C.A. Brebbia

Wessex Institute of Technology, UK



Preface

This book contains papers presented at the Fourth International Conference on

Harmonisation between Architecture and Nature (Eco-Architecture 2012) which

was held in Kos, Greece.  It followed three very successful previous meetings which

took place in the New Forest (2006); the Algarve (2008) and A Coruna (2010).

The development of Eco-Architecture is driven by the depletion of natural resources

and the need to preserve the balance of nature.

Eco-Architecture provides imaginative and expressive solutions and is characterized

by the generation of highly creative designs.  It has important cultural as well as

architectural impacts.

Eco-Architecture is in harmony with nature, including its immediate environs.

Decisions are taken on ecological grounds concerning location, siting and orientation,

and the well-informed choice of materials.

Eco-Architecture makes every effort to minimize the use of energy at each stage of

the building’s life cycle, including that embodied in the extraction and transportation

of materials, their fabrication, their assembly into the building and ultimately the

ease and value of their recycling when the building’s life is over.  The decision

takes into consideration the use of energy in building maintenance and changes in

its use, as well as its lighting, heating and cooling.

The Conference provided a forum for discussion of the many relevant aspects of

Eco-Architecture. The papers presented in this book are classified under the following

headings:

• Design with Nature

• Ecological and Cultural Sensitivity

• Energy Efficiency



• Bioclimatic Design

• Vertical Greenery Systems

• Ecological Impact of Materials

• Building Technologies

• Education and Training

• Case Studies

The Editor is grateful to all authors for the contributions and particularly the members

of the International Scientific Advisory Committee who helped to review the papers

and hence ensure the quality of the book.

The Editor

Kos, 2012



Contents 
 

 

Section 1: Design with nature 

 

Sustainable tourism within an eco-city context: analytical study for the  

master plan of Siwa City, Egypt 

M. M. Salem & H. El-Shimy ................................................................................ 3 

 

The Minangkabau house: architectural and cultural elements 

A. Bahauddin, S. Hardono, A. Abdullah & N. Z. Maliki .................................... 15 

 

A survey on the sustainability patterns in Iranian desert architecture 

A. Hashemi & F. Barmaki ................................................................................. 27 

 

Design procedures for an average Saudi villa using integrated  

green building techniques 

A. H. Besheer & W. El-Hamidi .......................................................................... 39 

 

Effect of skylight configuration and sky type on the daylight impression  

of a room  

P. Seuntiens, M. van Boven & D. Sekulovski ..................................................... 53 

 

New generation of energy design tools for low impact buildings 

B. Mirani & L. Mahdjoubi ................................................................................. 63 

 

The effect of light and colour in architectural design  

M. Mahan & S. Kashizadeh ............................................................................... 75 

 

 

Section 2: Ecological and cultural sensitivity 

 

Learning from traditional architecture  

S. Schelbach & U. Dietrich ................................................................................ 85 

 

Elements of ecological architecture in Theologos:  

a traditional settlement on Thassos Island, Greece 

K. Lantitsou & B. Stefanis ................................................................................. 95 



Questioning public art 

M. Mustafa, M. Begum, A. Backer & J. Dollah ............................................... 103 

 

Can a hotel be ecological?  

E. Trocka-Leszczy ska & J. Jablonska ............................................................ 115 

 

MSWI bottom ash as eco-aggregate in cement mortar design  

Z. Pavlík, M. Keppert, M. Pavlíková, J. Fo t, O. Michalko & R. erný .......... 127 

 

Developing a sustainable land ethic in 21st century cities 

G. E. Kirsch ..................................................................................................... 139 

 

 

Section 3: Energy efficiency 

 

Challenges of cost-effective high-performance residential construction on  

the US market: lessons learned from building Utah’s most  

energy-efficient and cost-effective house 

J. Rügemer ....................................................................................................... 151 

 

Passive and active hybrid approach to building design in Saudi Arabia 

M. S. Almatawa, A. A. Elmualim & E. A. Essah .............................................. 163 

 

High performing building as a pier for sustainable tourism in the  

protected area of Bracciano Lake in Italy 

F. Cumo, F. Cinquepalmi, E. Pennacchia & V. Sforzini ................................. 175 

 

The energy transect; including sustainability issues in  

urban morphology analyses 

E. Troglio, T. Haas, T. Martschenko & S. Pagluila ......................................... 183 

 

 

Section 4: Bioclimatic design 

 

Cooling performance of Persian wind towers 

M. Hejazi & B. Hejazi...................................................................................... 197 

 

Bioclimatic residence design in the Xanthi region 

K. Lantitsou & D. Christodoulou ..................................................................... 209 

 

Use of environmental parameters in building envelope design 

N. Nikolov ........................................................................................................ 215 

 

 

 

 

 



Section 5: Vertical greenery systems 

(Special session by R. M. Pulselli) 

 

A sustainability evaluation of vertical greenery systems based on emergy 

R. M. Pulselli, N. Patrizi, F. M. Pulselli & S. Bastianoni ................................ 229 

 

Vertical greening systems: contribution to thermal behaviour on  

the building envelope and environmental sustainability 

K. Perini & M. Ottelé ...................................................................................... 239 

 

Thermo-physical performances of living walls via field measurements and 

numerical analysis 

U. Mazzali, F. Peron & M. Scarpa .................................................................. 251 

 

 

Section 6: Ecological impact of materials 

 

Influence of characteristic types of thermal insulation on  

energy savings of AAC-based building envelope: a comparison 

V. Ko í, J. Mad ra & R. erný ........................................................................ 263 

 

Natural zeolite as environmentally friendly supplementary cementitious  

material in concrete  

E. Vejmelková, T. Kulovaná, M. Keppert, M. Ondrá ek & R. erný .............. 275 

 

 

Section 7: Building technologies 

 

Towards near zero energy dwellings by heat pump implementation in  

HVAC plants 

L. Schibuola, S. Martini, M. Scarpa & C. Tambani ......................................... 289 

 

Sustainable strategies and methods for the energetic improvement of  

social housing stock in Italy 

S. Brunoro ........................................................................................................ 299 

 

Methods for air tightness analysis for residential buildings in  

Nordic countries 

I. Allard, T. Olofsson & O. A. B. Hassan ......................................................... 311 

 

Optimization methods for determination of moisture diffusivity of  

building materials in the drying phase 

J. Ko í, J. Mad ra, M. Jerman & R. erný ..................................................... 323 

 

Renewable energy sources for historic buildings:  

the Crucifers Convent in Venice 

L. Schibuola & C. Tambani ............................................................................. 335 



Section 8: Education and training 

 

Raising awareness for sustainability in basic design 

D. G. Ozer, B. Satici, B. O. Turan & M. Soygenis ........................................... 349 

 

Zero-cooling-energy-buildings in hot climates: experiences and  

results from a university teaching course 

U. Dietrich & S. Calderon ............................................................................... 361 

 

 

Section 9: Case studies 

 

Eco-technologies for retrofitting social housing stock:  

strategies for an Italian case study 

A. Boeri & D. Longo ........................................................................................ 375 

 

Thermal comfort in sustainable buildings:  

case study Cenpes/UFRJ-RJ/Brazil 

E. Vazquez, A. Neto, S. M. Rola, L. Alves, M. Freitas & L. Pinguelli Rosa..... 387 

 

Solar cooling design: a case study 

S. Grignaffini & M. Romagna .......................................................................... 399 

 

Comparing energy signature analysis to calculated U-values in  

wooden houses in a cold climate 

G. Nordström, S. Lidelöw & H. Johnsson ........................................................ 411 

 

The sustainability of construction: techniques and technologies for energy 

efficiency and the reduction of greenhouse gases – methodological aspects 

S. M. Rola, E. G. Vasquez, L. F. B. Carvalho, I. C. Leite da Fonseca,  

M. A. Vasconcelos de Freitas & L. Pinguelli Rosa .......................................... 421 

 

Between experimentation and validation: the Bavarian experience of  

eco-districts and urban regeneration policies 

A. Maahsen-Milan ........................................................................................... 431 

 

 

Author index .................................................................................................. 443 



Thermo-physical Performances of Living Walls 
via Field Measurements and Numerical 
Analysis 

Ugo Mazzali1,*, Fabio Peron1, and Massimiliano Scarpa2 

 
1Unità di Ricerca Innovazione e Costruzione Efficiente, Università IUAV 
di Venezia, Venezia, IT 
2Dipartimento di Fisica Tecnica, Università degli studi di Padova, 
Padova, IT 

Abstract 

In the urban area the air temperature has been growing at a faster rate (Urban 
Heat Island UHI) leading to greater use of air-conditioning and energy demand. 
One possible strategy to lower ambient temperature is to increase the amount of 
greenery in the city. In this context we have assisted recently to a rediscovering 
of buildings envelopes claddings by green walls, living walls and green roofs. 
Green walls may consist in green façades made up of traditional creepers and 
living walls are vertical claddings with plants, installed on the building façade. A 
very detailed field measurement campaign was performed on a living wall with 
the aim to evaluate its performances versus a traditional envelope. The field 
measurements were performed between June and September 2011. Hourly 
measurements of surface temperatures, heat fluxes, ambient and internal 
temperatures, ambient and internal relative humidity, air velocity in the living 
wall cavity and climatic variables have been collected for the bare and covered 
wall. Using a numerical model, validated via field measurements, a 
multiparametric analysis has been performed considering the effect on energy 
consumptions and temperature behaviour for different orientations of the living 
wall in different locations. 
 
Keywords: Building facade; Living wall; Energy simulations; Field 
measurements 



1 Introduction 

In recent years green claddings over buildings have seen a significant increase in 
their application. A study including their behavior and their influence on cooling 
energy consumption buildings was required. The aim of this work is to assess the 
influence of a living wall on cooling energy consumption of standard office with 
three differently oriented external walls, over which the green wall is applied. 
Moreover the dependence on latitude was investigated by simulating the office in 
three latitudes of the Mediterranean climate. First of all, in order to assess the 
living wall thermal behavior, a filed measurement of an existing living wall was 
performed. Then a mathematical model, validated via field measurements, was 
implemented. Finally a finite volume numerical model of the office room was 
created, in order to quantify more precisely the effective influence on cooling 
energy consumptions. The impact that the living wall can have over the back 
wall is in dependence on multiple variables. First of all the protection effect from 
the external solar radiation that is one of the most important thermal loads to 
control during the summer period in order to reduce cooling energy 
consumption. This variable is directly related with the wall orientation. Then, the 
impact of the living wall is also in dependence on the kind of wall over which is 
installed, i.e. the back wall could be an insulated wall or a massive wall. Other 
parameters, directly related with the plants are evapotranspiration rate, Leaf Area 
Index, (Palomo Del Barrio [1]) solar absorption coefficient and emissivity 
(Rubio [2]) of the vegetation. Some studies were performed on thermal effects of 
green claddings (Kontoloeon [3]) showing how one of the most important effects 
of the green wall is the external surface temperature reduction from a minimum 
of 1°C – 2°C on the North surface to a maximum of 16°C-17°C on the West 
surface, with a direct influence on summer cooling energy consumption of a 
standard room. The reduction assessed was of around 4.65% for a North oriented 
wall and 20.08% for a West oriented wall at Greek latitudes.  

2 Methods 

It was possible to perform a field measurement of a living wall installed in 
Northern Italy. In the following sections the field measurements of the green 
architectural cladding and the mathematical model validation will be shortly 
described. Then the finite volume mathematical model of the office room will be 
outlined. 

2.1 Field measurements and mathematical model 

The measurement campaign was performed on a living wall, South-West 
oriented, in a nursery garden in Lonigo, located in the North-East of Italy, as 
visible in Figure 1. The main feature is the presence of a triple felt in which the 
first layer let the water flow between the pvc panel and the felt itself, the second 
layer allows the roots to propagate and the third felt has a mechanical function, 



as a support during plant rooting. The measurement campaign was performed in 
summer 2011, in particular between June and September 2011. 

 

 

Figure 1: living wall monitored in Lonigo, Italy 

The numerical model of the living wall used in this project is based on the finite 
volume approach. In a few words, the building structure is described via a RC 
network integrating the air gap as well. The model structure is visible in Figure 
2. 

 

Figure 2: thermal nodes of the mathematical model 

 

2.2 Standard office room model for cooling reduction assessment 

In this work a further finite volume model was developed in order to simulate the 
thermal behavior of the room used as office. The room has an area of 25 m2 and 
it has three walls facing the outside. The fourth wall and the two slabs, the upper 
and the lower one, are considered adiabatic. It was assumed that the internal 
loads inside the office were 6 W/m2 as the actual Italian regulation UNI/TS 
11300:2008 [4], prescribes. The ventilation rate is 11 l/(s person) as UNI 
10339:1995 [5] prescribes for offices. Each wall has a win-to-wall ratio, i.e. 
opaque wall to transparent wall ratio, of 15%. This value was considered 



consistent with the actual Italian regulation on minimum windows area for 
ventilation and illumination requirements.  

 

Figure 3: scheme of the finite volume standard zone model with an example of 
South living wall installation. 

The thermal balance, as shown in figure 3, was developed for the internal 
temperature node (Tin) considering energy contributions coming from walls 
(Qwall,n), windows (Qwin,n), internal loads (Qint), natural ventilation (Qvent) and 
from the cooling plant (Qimp). The latter contribution was implemented with the 
aim to ensure a constant internal temperature setpoint of 26°C. The most 
important equations of the thermal balance, to evaluate energy contributions, are 
the following:  
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Where � is the wall area, 
� is the internal convection and radiation coefficient  
equal to 7,7 W/m2 K as indicated in the UNI EN ISO 6946:2008 [6], ���,� is the 
internal surface temperature calculated with the numerical model in (Mazzali 
[7]), �� internal ambient temperature, ���*�+ is the solar radiation impinging on 
the n-th window, �� is the energy transmission coefficient for the n-th window 
pane, ����,� is the transmittance of the n-th window, ��� is the external air 
temperature, ,��* is the air density, -�,��* is the air specific heat, . is the room 
volume and / is the ach value for the considered room. 



3 Results 

3.1 Monitoring campaign results and model validation 

The dependence of surface temperatures on solar radiation is visible in figure 4; 
the temperature difference between external surface temperature of the bare wall 
and the one behind the living wall cladding, ranges from 12°C to 20°C during 
sunny days and it is around of 5°C during cloudy days. Other important results 
are heat flux reduction in the order of 70%-80% and air velocity, in the cavity 
between the green cladding and the wall, from 0.2 m/s to 0.5 m/s (Mazzali [7]). 

 
Figure 4: Temperature difference Vs solar radiation 

  
a) b) 

Figure 5: Correlation between calculated values and measured values: a) external 
surface temperatures; b) plant temperatures. 



The mathematical model compared with field measurements as regards external 
surface temperatures and heat fluxes shows a good correspondence of the 
external surface temperatures and plant temperatures as shown in figure 5. 

3.2 Cooling energy reduction assessment in standard conditions 

A nomograph was created to better understand the dependence of the cooling 
energy reduction on the living wall orientation, on the kind of wall behind the 
green cladding and on the latitude Three kinds of office test room external wall 
were assumed: 
- massive wall with 40 cm of concrete (MW) 
- internal insulated wall with 15 cm of polystyrene with 30 cm of concrete (IIW) 
- external insulated wall with 30 cm of concrete with 15 cm of polystyrene 
(EIW). 
The influence of the living wall over cooling energy consumption was 
investigated considering the 4 main orientations North, East, South and West and 
three Italian latitudes: Northern ones corresponding to Verona (45° 22’ N, 10° 
52’ E), central ones corresponding to Rome (41°38’ N, 12° 36’ E) and southern 
ones corresponding to Trapani (37° 55’ N, 12° 30’ E). In figure 6 the 
improvement percentages in dependence on orientation and latitude were 
reported. The case where the wall is externally insulated turns out to be the one 
in which the benefits of a juxtaposition of living wall are minimized. The values 
ranges, in fact, between 1.4% and 2.6% compared to a case without the 
installation of the plant wall. The second case is represented by an internal 
insulated wall. In this case the presence of a green coating leads to a reduction in 
cooling energy consumptions that ranges from 4.7% and 6.2%. Greater benefits 
are obtained at lower latitudes and by installing the green wall on a south 
exposed wall. In this case a reduction of 5.3 % for a latitude corresponding to 
Northern Italy and a reduction of 6.2% for a latitude corresponding to Southern 
Italy are obtained. Finally the graph points out the benefits of a living wall 
application over non insulated walls with good inertia. For this kind of walls 
cooling energy reduction up to 65.8% can be obtained. Moreover, regardless the 
latitude and the wall type the best effects are obtained by the living wall 
installation on a South external wall. The results in term of absolute values are 
shown in Figure 7. In particular it is possible to note that lower latitudes 
correspond to highest cooling energy consumption with or without the presence 
of the green wall. 



 

Figure 6: cooling energy reduction percentage for different latitudes and walls. 

 

Figure 7: cooling energy reduction for different latitudes and kind of walls. 

4 Discussion 

The benefit obtained on energy cooling consumption is clearly related to the type 
of wall on which the green wall is installed, and to the orientation of the wall. 
The presence of an insulation layer within the stratigraphy of the wall severely 
reduces the effectiveness of the plant cladding reducing the incoming heat fluxes. 



Even if the difference is small, the effect of positioning the insulation layer on 
the external side of the wall, in the classic configuration, further reduces the 
effect of the plant protection by limiting immediately the incoming energy . This 
behavior is less evident if the insulation layer is installed on the internal side of 
the wall, since the wall is able to storage more thermal energy than the previous 
case and drop it later into the indoor environment . The positive effect of the 
living wall installation is evident in the case of massive wall. In this case, as a 
matter of fact, the wall itself is the only thermal resistance that reduces the 
energy income from the outside, because no insulation layer is present . The 
incident solar radiation represents a high thermal load that the wall has to break 
down and the presence of a shielding plant together with the effect of 
evapotranspiration given by the vegetation, is able to reduce the energy need for 
cooling in a significant way. 
Further considerations can be made on the orientation of the wall. At all latitudes 
the best benefit is achieved by installing the cladding on a South wall. This is 
directly linked to the high radiation impinging on such areas during the summer. 
In any case, in general terms, also East and West orientation offers interesting 
improvements. Less evident are the effects of the installation on a North surface 
for obvious reasons related to the lower contribution of solar radiation. 

5 Conclusions 

The present work studied the thermal effect of a living wall installed on different 
types of external walls at different latitudes of the Mediterranean climate. 
Starting with a detailed field measurements and developing a mathematical 
model, it was possible to estimate the effect of the cladding on the internal 
environment behind the green wall. Interesting considerations came out about the 
reduction of cooling energy consumption of a typical office exposed on three 
sides and with a win-to-wall ratio of 15%. The best results can be obtained with 
a massive south-facing wall where the reduction of the cooling energy reaches 
values of about 66% for latitudes corresponding to those of Northern Italy. 
Lower benefits were found on walls with an insulation layer. In these cases the 
reduction is around 2% in the case of externally insulated walls and around 5% 
in the case of internally insulated walls. The most effective orientation of the 
cladding, regardless the type of wall and the latitude, was found to be South. 
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